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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 46% 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
MARVSs.

Soil reinforcement nominal tensile strengths. The nominal tensile strengths (Ta) for the Miragrid soil
reinforcement is computed as the ultimate strength (Tur-marv) divided by reduction factors for creep
(RFcr), degradation (RFp), and installation damage (RFp). The equation for this calculation is:

— Tult—MARV
RF .z xRFyxRF,;

Tal 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, Dso, angularity,
etc.) and placement techniques. Recommended values are presented for two wall fills with maximum
gradation sizes 1 % -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 tan¢, and a 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 (p) 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:

e 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°.

e 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
Ture (Ib/ft) 4,700 7,400 9,500 13,705 27,415
Durability 5<pH<8 1.15 1.15 1.15 1.15 1.15
Reduction Factor, 4.5<pH<5 1.30 1.30 1.30 1.30 1.30
RFo 8<pH<9 1.30 1.30 1.30 1.30 1.30
Installation 100%1_11'25_';:_" Dso 1,59 1,59 1.55 1.49 1.40
Damage Reduction =
Factor, RFip 100% < 3/8-in.; Dso 1.10 1.10 1.10 1.10 1.10
<#4
Creep Reduction 75 years 1.44 1.44 1.44 1.44 1.44
Factor, RF¢ 100 years 1.45 1.45 1.45 1.45 1.45
Coverage Ratio 0.250r0.50 || 0.250r0.50 || 0.250r 0.50 || 0.250r 0.50 || 0.25 or 0.50
Friction Angle Fine ;an\g:adlum 0.8 tang 0.8 tang 0.8 tang 0.8 tang 0.8 tang
along geogrid-soil Well-graded sands
Interface, p sand & gravel’ ’ 0.9 tang 0.9 tang 0.9 tang 0.9 tang 0.9 tang
Pullout Resistance Sands® 0.8 tang 0.8 tang 0.8 tang 0.8 tan@ 0.8 tang
factor, F* Gravels® 0.8 tang 0.8 tang 0.8 tang 0.8 tang 0.8 tang
Scale-effect Sands® 1.0 1.0 1.0 1.0 1.0
correction factor, a Gravels® 1.0 1.0 1.0 1.0 1.0
Depth/height = 2.44 or 3.38 ft / 1.5 ft
Facia Geometry and Unit Weight': Horizontal distance to center of gravity = 1.18 or 1.71 ft
Average unit weight of block = 143 Ib/ft?
Connection Strengths: CR¢
c° (Ib/ft?) 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, RFq4 1.15 1.15 1.15 1.15 1.15
Creep Reduction Factor, RF® 1.0 1.0 1.0 1.0 1.0

@ Predominant material
b Scale-effect Correction Factor has been eliminated from the FHWA 2022 MSE Design manual
¢ Normal pressure (lb/ft2) Redi-Rock connection is independent of normal load
dMSEW program term (CRer = Tere/Tuit)
e The values for CR forinput into MSEW include a reduction factor for creep and the geogrid lot strength. RF4 is not included in the
value of CR.r 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

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:

e 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°.

e 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.

e 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.

e 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
Y8 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.

lid Block
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 ft* (0.53 m?). 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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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:

e 41in (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;

e 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 ft? (1.07 m?) 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  Minimum 28-Day Maximum Water Nominal Maximum Aggregate Class Air Content®

Exposure Class" Compressive Cement Ratio Aggregate Size Designation®
Strength?®

Moderate 4,000 psi (27.6 0.45 1in (25 mm) 3M 4.5% +/- 1.5%
MPa)

Severe 4,000 psi (27.6 0.45 1in (25 mm) 38 6.0% +/- 1.5%
MPa)

Very Severe 4,500 psi (30.0 0.40 1in (25 mm) 4S 6.0% +/- 1.5%
MPa)

Maximum Water-Soluble Chloride lon (CI') Content in Concrete, Percent by Weight of 0.15

Cement®®

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

Maximum Percentage of Total Cementitious Materials By Weight " (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® 50
Total of Fly Ash or Other Pozzolans and Silica Fume® 35

Alkali-Aggregate Reactivity Mitigation per ACI 201

Slump (Conventional Concrete) per ASTM C143(1O)

5in +/- 1%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)
Coarse Aggregates for Concrete.

(4)Test method ASTM C231.

Defined in ASTM C33 Table 3 Limits for Deleterious Substances and Physical Property Requirements of

(S)Test method ASTM C1218 at age between 28 and 42 days.
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(6)

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:

Where used in high sulfate environments or where alkali-silica reactivity is an issue, water soluble chloride

(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)

the total weight of the cementitious materials.

9)

in a detailed and current testing program.

(1O)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

Dimension

Block Type

Nominal Value

18 in (457 mm)

Tolerance

+/- 3/16 in (5 mm)

46 8 in (1172 mm)

+/-1/2in (13 mm)

28in (710 mm)

+/-1/2in (13 mm)

18 in (457 mm)

+/- 3/16 in (5 mm)

46 s in (1172 mm)

+/-1/2 in (13 mm)

40 ¥ in (1030 mm)

+/-1/2 in (13 mm)

18 in (457 mm)

+/- 3/16 in (5 mm)

46 8in (1172 mm)

+/-1/2 in (13 mm)

60 in (1520 mm)

+/-1/2 in (13 mm)

36 in (914 mm)

+/- 3/16 in (5 mm)

28 in (710 mm) Block Height
(solid and PC) Length
Width*
41 in (1030 mm) Block Height
(solid, hollow core, and PC) e
Width*
60 in (1520 mm) Block Height
Length
Width*
52 in (1320 mm) XL Block Height
Length

52 in (1320 mm)

+/-1/2 in (13 mm)

REDKROCK
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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 % in (1172 mm) | +/- 1/2in (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 % in (1172 mm) | +/- 1/2 in (13 mm)
Width* 96 in (2440 mm) +/-1/2in (13 mm)
Freestanding Block Height 18 in (457 mm) +/- 3/16 in (5 mm)
Length 46 8in (1172 mm) | +/-1/2in (13 mm)
Width* 23in (584 mm) - +/-1/2in (13 mm)
24 in (610 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 3% 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.

SHEAR KNOBS @
23 (584) OC, TYP.

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 % 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 % 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 val for block ing the 10 in (254 mm me ar follow:

Peak Shear: S, = 6,061 + N tan 44° < 11,276 Ib/ft (S, = 88.45 + N tan 44° < 164.56 kN/m) Service
State Shear: S, = 3,390 + N tan 51° = 11,276 Ib/ft (S;; = 49.47 + N tan 51° = 164.56 kN/m)

REDKROCK 13
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10" (254 mm) KNOB INTERFACE SHEAR CAPACITY

12,000

{175.1) : * o Py T N
1

10,000 |
{145.9) |

B,000 |
{(116.8) |

6,000 |
(87.6)

4.000 / Pesk Shear, 5,

| o ! il
it B | = = Service Stte Shear, 5
= .|
2,000 | [
(29.2) ' ‘

Shear Capacity, Ib/ft (kN/m)

0 4,000 8.000 12,000 16,000 20,000
(58.4) {116.8) {(175.1) {233.5) {291.9)

Normal Load, Ib/ft (kN/m)

Figure 9 - Peak envelope for 10 in (254 mm) knob interface shear capacity

Design values for blocks using the 6 3 in (171 mm) dome are as as follow:

Peak Shear®: S,= 1,178 + N tan 54° < 10,970 Ib/ft (S, = 17.19 + N tan 54° < 160.1 kN/m)
Service State Shear®: S_, =616 + N tan 52° < 10,970 Ib/ft (S, = 8.99 + N tan 52° < 160.1
kN/m)

6.75" (171 mm) KNOB INTERFACE SHEAR CAPACITY

12,000
{175.1) |

10,000 |
(145.9) |

8,000 |
(116.8) |

5,000 |
(BT .6)

1
—— Peak Shear, 5,

— = Sendce Stale Shear S5

4,000
{58.4) |

Shear Capacity, Ib/ft (kN/m)

4,000 8.000 12,000 18,000 20,000
(58.4) {116.8) {(175.1) {233.5) {291.9)

Normal Load, Ib/ft (kN/m)
Figure 10 - Peak envelope for 6 3% in (171 mm) knob interface shear capacity

REDIROCK
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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:®©

S,m =4547 +Ntan44° (N <7,017 Ib/ft)
S, =8488 + Ntan22° (7017 Ib/ft < N < 16,118 Ib/ft)
S (max=15,000 Ib/ft (N = 16,118 Ib/ft)

INTERFACE SHEAR CAPACITY

20,000

. @
16,000 pe
& ®
‘ ‘//

12,000 = .
€ p 4 3
2 >
= *
.g ’
2 8,000 :
m
8
=
w

4000 |9

0
0 4,000 8,000 12,000 16,000 20,000

Normal Load, Ib/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, Ml 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:®

S,=5358 Ib/ft + N tan 37° < 12,906 Ib/ft
(Sp =78.2 kKN/m + N tan 37° < 188.3kN/m)

(kN/m)

INTERFACE SHEAR CAPACITY
(kN/m)
0 50 100 150 200 250
18,000 + . . , =
. 250
16,000 | =
o 14,000 * 200
3 12,000 £ o —
£ [ ¢ o 150
S 10,000 Spmaxy = 12,906 Ib/ft | ——
o - ® / (Sp(maxy = 188.3 KN/m)
S 8000 +4 ~
& ' / \ - 100
§ 6000
o r N\ Sy« = 5358 + N tan 37° Ib/ft
4,000 (Syny=78.2+ N tan 37° kN/m) | 5
2,000
0 +——— S S e 1t 0
0 4,000 8,000 12,000 16,000 20,000

Normal Load, Ib/ft
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 % in (41 mm) setback position is the most common configuration, Redi-Rock has
three different knob sizes and three different locations available.

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

e One degree (1°) setback, the standard offered in the Redi-Rock range, is achieved using
the 7 %2 in (190 mm) knobs.

e Zero degree (0°) setback, the standard offered in the Redi-Rock range, is achieved using
the 6 %4 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.

REDFROCK 17
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Block Setback Options

Five degree (5°) setback

(Standard) 15" (381 mm) fs-b.g'l‘,i.}i‘li"i.}j'“’

.l__ 10" (254 mm)
4* (102 mm) LT diameter knob

4% (114 mm)

13 %" (340 mm)

Available with:
« 28" (710 mm) blocks, 41" (1030 mm) blecks, and 60" (1520 mm) blocks
* 28" (710 mm) PC blocks (shown here) and 41" (1030 mm) PC blocks

One degree (1°) setback
(Specialty) 133 @50 o) et
| | 7 142" (190 mm)
2" (51 mm) .. diameter knob
41" (114 mm)
13 3{,' (340 mm}
Available with:

o 28" (710 mm)blocks, 41" (1030 mm) blocks, and 60" (1520 mm) blocks
« 28" (710 mm) PC blocks (shown here) and 41" (1030 mm) PC blocks

Zero (0°) setback
(Specaty) 13%" (340 mm) ot i

6% (171 mm)
diameter knob

2" (51 mm)

-
M@

4%" (114 mm)

13 %" (340 mm)

Figure 13 - Standard block face batter options

REDIROGK

Move blocks forward during
installtion to engage shear
knobs (Typical)

Move blocks forward during
instalition to engage shear

knobs (Typical)

Move blocks forward during
Instalition to engage shear
knobs (Typical)
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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:

e undesirable

e not feasible (will not fit within the required project retaining wall geometry)

e not economical

e not permitted

REDKROCK
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Block Setback Options

9" (230 mm) Setback Blocks

5 Setback = 9 3" (238 mm) ~—— Move blocks forward duri
22 %" (578 mm) (27.5° batter arfgre on wall) ’JI iy

[ instalition to engage shear
J | 10° 254 mm) —= | knobs (Typical)
4" (102 mm)

diameter knob

4% (114 mm)

13 %" (340 mm)

Available with:
. 41" (1030 mm) blocks (shown here) and 60" (1520 mm) blocks
* Not available in PC blocks

Planter Blocks

4" (102 mm)

i — Move blocks forward during
30" (762 mm) . Setback = 16 %" (422 mm) installtion to engage shear
10" (254 mm) . Eape (lypear)
diameter knob

-

4 %" (114 mm)

[S——

13 % (340 mm)

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 %4 in (83 mm) setback for the 36 in
(914 mm) tall range, and 1 % 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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Block Setback

36" (914 mm) High XL Hollow-Core Retaining Blocks

16 3" (422 mm) _~—10" (254 mm) Setback = 3}" (83 mm) _~——Move blocks forward during
| { " shear knob (5" Batter Angle on Wall) installation to engage shear

4"(10L ) N ' s I‘ /_—\/ knobs (typical)
U T U

36" (914 mm)

Textured frace—

[
=

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.

21
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A
o SRR,
(O %
Drainstone (AASHTO No. 57 or equiv.) to
'A extend at least 12" (300 mm) behind blocks
2 Fill vertical core slot (in PC blocks) and wedge
SRR < between blocks with drain  one (Typical)
RERE rji R
o
g
Eanmate Non-woven geotextile fabric
i (If specified by Engineer based on site
e conditions)
A £l i ¥

Perforated sock drain
(As specified by Engineer)

Figure 16 - Use of non-woven geotextile separator for drainage column - 18 in (457 mm)
high blocks

Non-woven geotextile fabric

Reinforced zone soil

Q[ ' gl |'
\O\ f Non-woven geotextile fabric (If specified by Engineer)

Fill vertical core slot and wedge between

blocks with drainage aggregate (Typical)

\.6\ b=
E=x%1
4 Geogrid design length %lf

Drain (As specified by Engineer)

[ = - _—— Drainage aggregate Retained soll
f

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.

Extend geotextile over
drainstone and below
surface materials

Drainstone (AASHTO Mo. 57 or
equivalent) to extend at least 12
inches (305 mm) behind 18-inch

Nor-woven geotextile high Redi-Rock blocks

fabric between adjacent
blocks at face {Required
between all blocks.
Shown only in indicated
lacation for clarity. )

Non-woven geotextile fabric at

back of XL blocks and between
drainstone and retained soil {If

specified by Engineer based on
site soil conditions. Shown cut

away.)

Fill all void spaces in and

between blocks with drainstone
(AASHTO No. 57 or equivalent)

Crushed stone

leveling pad Perforated pipe. gravity drain to

outlet (as specified by Engineer)

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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Nonwoven
geotextile at face

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.

| 46 4" (1172 mm) |

£28" (711 mm)
22 %" (575 mm)

REDIROCK

Redi-Rock 28" (710 mm)
PC Middle Block (Typical)

Infill areas for stone

{Typical)

Figure 25 — 28 in (710 mm) Redi-Rock PC block with 7.7° taper
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R-60M 60" (1520 mm) MIDDLE BLOCK WITH SOIL INFILL

[ 46 %" (1172 mm) |

We
| COGc
Ws
COGs —
e

+ 60" (1524 mm)

Redi-Rock 60 (1520 mm)
iddle Block (Typical)

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

18-INCH (457 mm) HIGH BLOCKS 36-INCH (914 mm) HIGH XL BLOCKS

Height of Wall Radius From Face of Block Radius From Face of Block
18’

" (0.46 m) 14-6"  (4.42 m)
3-0" (0.91m) 14-8"  (4.47 m)
46" (1.37m) 14'10"  (4.52 m)
6-0" (1.83m) 15-0" (457 m) 150" (4.57 m)
76" (2.29m) 152" (4.62 m) 152" (4.62 m)
90" (2.74m) 15-4"  (4.67 m) 154" (4.67 m)
10°-6" (3.20 m) 15-6" (4.72m) 15'-6" (4.72 m)
12'-0" (3.66 m) 15-8" (4.78m) 15'-8" (4.78 m)
136" (4.1 m) 15-10"  (4.83 m) 15-10" (4.83m)
15'-0" (4.57 m) 16'-0" (4.88 m) 160" (4.88m)
166" (5.08m) 162" (. m)
18-0" (5.49 m) 6-4" (4.98m)
19-6" (5.94 m) 166" (5.08m)
21-0" (6.4 m) 16"-8" (95.08 m)

T
~

Figure 27 — Minimum radii

Top Blocks Tight Together

Exposed Untextured
Block Surface

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.

REDIROGK
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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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Double 907 Inside Corners

Bluild Back Wall First

Free Standing Corner Blocks
On Duiside Comars

\UEEI Half Blocks To Butt Into

Back Wall

| [T

——

DRAWN BY; JRJ TITLE:

i IR Double 90° Inside Corners ﬂfﬂﬂ‘ﬂﬂﬂk .

06-22-2015 CeSAE1 LS 31 SOUTH, CHARLEVOLN, Ml 45720
Fht: ) 228400 mel 3010 @ mogineer gk cam
1of1 6 Double 90deg Inslde Corners 062215.dwg e rnch ke

SHEET:

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.

90" Qutslde Corner

Isometric View of Corner

The top row of blocks in this diagram are shown in
red. They hawe been cutowd in line with thair bottom
grooves to show how thay fit with the lnobs on the
Ibottom row of bBlocks.

107 (254 mm) knob is fully engaged

Mor-wowen gaotextile fabdc in all
jmints betwesn blocks (Typical)

90 Degree Comer Hock

-
[OBOTCAB O

candilians of the praposed sile.

Thiks. crawineg b foe refarenca coly. Datarminatian of a sulabiily andlor manne of wess of ary detals contalned In this decumeant 15 ha sola respansbllky of
the daglgn anglnesar of mecord, Flnal proisct deslgre. Including ol eonatnucdon datalls, shal e prepared by o lieensed grofeesional anglmess using the aciual

—— " 90° Outside Corner Detail
T 90° Corner Block Option
SHEET, 1Taf1 R4 andeg Outslde Comer Detall Comer Block 0317 16.dwi

REDHROCK

05481 US 31 SOUTH, CHARLEVOLX, M1 S57
(BEE) 22E B D0 s M0 0 megimnirigiiniirock e
R ST RA L

Figure 29 - Outside corner detail

REDIROGK
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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.

90° Qutside Corner for 9" (230 mm) Setback Walls

Freestanding Comer
Top Block (Typleal)

Recess pocket and llitihg Insert may be vislble
Optlons: FlIl with tinted mortar or use custom
blocks without top lifter if desired (Typical)

Speclal 9" (230 mm) Setback Block with
71" (190 mm) dlameter knobs (Typleal)

Multiple Row Installation

Untextured top of block and
stone Inflll betwean adiacant
blocks will ba vislble (Typleal)

The top raw of blacks |n thls dlagram have
been cutout In line with thelr battam grooves
to show how thay it with the knobs on the
battom row of blochks.

10" (254 mm) knob fully engaged with
/ the groave on the block above | Typleal)

T A" (190 mm) knabs do not Inferfers with
the groove am the block above (Typleal)

Speclal 9 (230 mm) sethack block
{ with 7 " (190 mm) knabs (Typical)

Freestanding Gomer j f
Top block (Typleal) e = =
u!@ ol|O) OJO O
=0 PO PO O
s = — e

Top View of Bottom Two Rows
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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.

INSIDE CORNER | ABUTTED OPTION

Two 18-inch (457 mm)
high, 60-inch {1520 mm}
half-blocks

XL block
(typical)

Abut this wall segment

Build this wall segment
against adjacent segment

first

727 (1830 mm) block shown to
illustrate concept. Concept
applies to other XL block sizes.

Front View

This drawing is Tor reference only. Delesmnabion of the suitabilty and/or mannes of use of any details contained in this document is the sole resporesibility of

the design enginesr of record. Final praject designs, including all construction delais, shall be prepaned by a fcensed professional engineer using the actual
condilions of i proposed site.
DA BY. e -
I . XL 90-Degree Inside
R g
i 18JUN2010 CCIH'IE!F DEtaII 05481 LIS 31 SOUTH, CHARLEVDLE MI 45720
. 2af2 FLE ¥ inside corner abutted details 061819.dwg R i e o

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 AASHTQO’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 8XT 10XT 20XT 24XT
Ultimate Tensile Strength, T, (Ib / ft) 4,700 7,400 9,500 13,705 27,415
Creep Reduction Factor, RF
Reference 75-year design 1.44 1.44 1.44 1.44 1.44
Temperature 100-year| 1.45 1.45 1.45 1.45 1.45
20°C (68°F) design

Installation Damage Reduction Factor, RF

Soil Type 1: 1.59 1.59 1.55 1.49 1.40
Coarse Aggregate (GP, ¢=34°)
19 mm (3/4”) < Dgp < 38 mm (1-1/2")

Soil Type 2: 1.10 1.10 1.10 1.10 1.10
Sandy Gravel/Coarse Sand (GP or SP,
$=34°)
Dsp < 19 mm (3/47)
Durability Reduction Factor, RF,
50<pH<8 1.15 1.15 1.15 1.15 1.15

45<pH<5and8<pH=<9 1.30 1.30 1.30 1.30 1.30
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The minimum average roll values (MARV) from NTPEP (2019) are used for ultimate tensile
strength, T,; 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 RF; that ranged from 1.01 to 2.01. In general, there was a trend of
decreasing RFy as product unit weight/tensile strength increases, and increasing RF 5 with
increasing grain size. The values in Table 3 were chosen to conservatively interpolate or bracket
the measured data. Where the test data suggest RF; values less than 1.1, a minimum value of
1.10 was selected.

Reduction factors for durability RF, 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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GEOGRID STRIP WRAPS THROUGH BLOCK
AND EXTENDS FULL LENGTH (L) INTO
REINFORCED FILL ZONE (TYPICAL)

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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REDI-ROCK PC SYSTEM - MIRAFI GEOGRIDS
CONNECTION TESTS (PER ASTM D6638)
TESTS WITH CRUSHED STONE CORE FILL IN THE VERTICAL CORE SLOT
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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, R?, for the best fit line was calculated for each Miragrid
product style test series. These R? values ranged between 0.008 and 0.307 with an average of
0.163. Given that a value of 1.0 for R? indicates perfect dependence between the dependent
and independent variables and a value of 0.0 indicates complete independence, a minimum
value of R? 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 MARYV over lot strengths of the tested material (T .conn 95 ¥ MARV/T ;). 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, R?, 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.

REDI-ROCK PC SYSTEM - MIRAFI GEOGRIDS
LOWER 95% CONFIDENCE INTERVAL VALUES OF
PEAK CONNECTION CAPACITY TESTING (PER ASTM D6638)

24,000
22,000
Best Fit Line
20000 - Tests without Crushed 5tone Core Fill in the Vertical Core Slot . //.
T connirs f Tie) = 0.8414 - 7.124x10% *MARY
L 18000 [ e ” ;
&
£ 16,000
z
= 14,000
=
= 12,000
5
=
™= 10,000
R
=
§ 8000 | Best Fit Line
= Tests with Crushed Stone Core Fill in the Vertical Core Slot
T 6000 | (T connss # Tia) = 0.9086 - 7.802X105* MARY
RE = 0.999
4,000 : .
B Tests without Stene Infill
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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), T ; (Ib/ft) 4,700 9,500 13,705
In-Block Installation Damage Reduction Factor Calculated from 1.04 1.05 1.05

Best Fit Curves of Full-Scale Connection Tests, RF 5 gest it

In-Block Installation Damage Reduction Factor Calculated from 1.01 1.04 1.06
In-Block Installation Damage Tests, RF 5 n.sLock

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, RF 5, 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 8XT 10XT r{1) ) 24XT
Ultimate Tensile Strength (MARV), T (Ib / ft) 4,700 7,400 9,500 13,705 27,415
Short-term Ultimate Connection Strength
0.84 0.84 0.82 0.80 0.69

Reduction Factor, CR,™"
Creep Reduction Factor (20°C)

75-Year Design, RFcrgs) 144 144 1.44 1.44 1.44

100-Year Design, RFcrio0 1.45 1.45 1.45 1.45 1.45
Durability Reduction Factor, RF,? 1.15 1.15 1.15 1.15 1.15
Long-term Connection Strength Reduction Factor (CR,/RFcR)

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 [(MARV * CR,) / (RF¢ * RFp)]

75-Year Design, Tecrs) (Ib /1) 2384 | 3754 | 4704 | 6621 | 11423

100-Year Design, o0 (Ib / ft) 2368 | 3728 | 4672 | 6575 | 11,344

1. Values given for CR, 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 CR, value for lighter weight geogrids
was selected and listed in Table 5 to account for any testing anomalies and provide a lower bound for

CR..

2. Recommended value for 5 < pH < 8. RFy 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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e 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.

e 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.

e 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.

e 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.

e 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 (C;) values were reported within the range of 0.85 to 1.08
with a linearly decreasing relationship between normal load and C.. Friction factor, F*, and
coefficient, a, were not reported. F* can be computed as F* = C, tang / a. A default value of a
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 C; (SM, SP) C; (SW, GP, GW)

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, p, was found to be 29 to 30 degrees for test soll
with a peak internal angle of friction, @, of 32 degrees, and 47 to 50 degrees for soil with a peak
friction angle of 50 degrees. Measured Coefficient of Direct Sliding (C,) 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 Cs (SM, SP) Cs (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 Pl<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 %-in. (19 mm) 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, ¢ = 34°
pH of 5to 10

Resistivity of not less than 30 Q « 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-% inch 100
1 inch 95 -100
% inch 90 - 100
Y2 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.

A4 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 5in (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.

REDFROCK 49




SECTION 1: ERS COMPONENTS

i

Figure 35 — Vertical Slip Joint

Drawings depicting a vertical slip joint are included in Appendix 1.3.6.
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21 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
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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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SECTION 3: CONSTRUCTION

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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Geogrid sirips {for blocks
on current layer)

Geogrid strips (for blocks
one [ayer down)

b — — —

{Design Langth})

Figure 36 — Geogrid layout for concave curves

: L -

{Design Length) |
Place stone in joint
between adjacent
blocks

Geogrid strips (for blocks
one layer down)

Geogrid sftrips
(for blocks on

current layer) Place 457 mm high piece of

non-woven geotextile fabric
(AASHTO M288 Survivability Class 3)
in joint between blocks (Typical)

Z'W'hen blocks become

too closely spaced, place
fabric across joint at
back of blocks

Figure 37 — Geogrid layout for convex curves
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SET BACK ROW OF BLOCKS FIRST
|
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BLOCK PLACEMEMNT - FIRST ROW

ZET THE MIDDLE OF THE FIRST BLOCK 1M 907 WALL & 47 (100 mm)
SET THE FIRET BLOCK M BACK BOW PAST THE END OF THE BLOCK IN THE ROW BELOW T ALIGH
OF BLOCKS TIGHT AGAMSET THE END BACK OF KNOBS ON THE BACK ROW

BLOCK N THE 807 WALL

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 Ib (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 ft? (280 m?) of the
proposed precast modular block retaining wall system.

Construction of at least three (3) precast modular block (large block)
retaining wall structures within the past three (3) years.

Construction of at least 5,000 ft? (465 m?) 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.

~0oo0CT

Project name and location

Date (month and year) of construction completion
Contact information of owner or general contractor

Type (trade name) of precast modular block system used
Maximum height of the wall constructed

Face area of the wall constructed

3. Inlieu of the requirements set forth in Iltems 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.

REDKROCK
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SECTION 4: QUALITY CONTROL

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)
e The oldest gravity Redi-Rock wall was built in 1998 in Petoskey, Michigan.
e The oldest MSE Redi-Rock wall using the PC system was built in Louisville, Kentucky in
August of 2011.
e These walls are still in service today.

5.1.3 Tallest Redi-Rock Structures (Gravity and MSE)
e The tallest gravity Redi-Rock wall was built in Nashville, Tennessee in 2018. This wall is
25.5 ft (7.8 m) tall
e 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

REDIROGK

Roma Clewell 775.888.7894

State Gravity | Reinforced Agency Contact if available Comments
Alabama No - Application is in for Gravity
Alaska No No
Arizona No No
Arkansas No No Allowed under special provision
California No No
Colorado No QPL. Handled through special

provisions
Connecticut
Delaware
Florida In progress; need drawings and
calcs
Georgia No QPL; Bridge office will
Stephen Wyche 404.631.1847 eventually make a new special
provision that lists all approved
products
Hawaii
Idaho Dave Richards 208.334.8448
lllinois Matt Muller 217.782.7200
Indiana Malek Smadi 317.610.7251
lowa
Kansas Requires IDEA
Kentucky Bart Asher
Louisiana Needs drawings and calcs; IDEA
would help
Maine George MacDougall
207.287.2181
Maryland
Massachusetts Richard Carpenito 617.951.1348
Michigan Richard Endres 517.322.1207
Minnesota Joe Black
(joe.black@state.mn.us)
Mississippi No QPL but we are approved
Missouri
Montana No QPL, but we are approved
Nebraska Doug Churchwell 402.479.4678
Nevada
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New Hampshire Mark Richardson 603.271.2731

New Jersey

New Mexico Michelle Mann
(michelle.mann@state.nm.us)

New York John Rondinaro, Gary Frederick,

James Reidy

North Carolina

North Dakota No QPL. Handled through special

provisions
Ohio Christopher Merklin 614.275.1361
Oklahoma Steve Jacobi
Oregon

Pennsylvania Guozhou Li 724.321.1031

Rhode Island

South Carolina No approved list; submittal in

progress

South Dakota

Tennessee Wayne Seger 615.741.3351

Needs calcs for PC and other
items

Texas Marcus Galvan 512.416.2224

Utah

Vermont Chris Benda 802.828.2561

Virginia Kevin Lee 804.371.9862 In progress for Gravity

Washington Thomas Baker 360.705.7200

West Virginia Thomas White 304.558.9718

Wisconsin Lee Schuchardt 608.266.8494

Wyoming

Alberta

British Columbia

Manitoba

New Brunswick No No

Newfoundland and

Labrador No No

Nova Scotia No No

Ontario

Prince Edward

Island No No

Quebec

Saskatchewan No No
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APPENDIX:

1.1.5A BLOCK LIBRARY

RETAINING BLOCKS

Block Library

Face Texture; Cobble / Limestone  Kingstone / Ledgestone Face Texture: Cobble f Limestone Kingstone / Ledgestone
Block Weight: 1230 Ib (557 kg) 1160 Ib (530 kg} | Block Weight: 570 |b (260 kg) 540 b (240 kg}
Elock Volume: 857 °(0.243m*) 807 (0.229 m’) Block Volume: 4,011t (0.113 m*) 3.76 17 (0.106m")
Center of Gravity:  14.9" (378mm) 14.2" (362mm) | Centerof Gravity: 153" (389 mm) 14.7" (373 mm)

E ../’
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W =
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FACE TEXTURE VARIES —

Face Texture Cobble / Limestone  Kingstone / Ledgestone Face Texture: Cobble / Limestone  Kingstone / Ledgestone
Block Weight: 16101b (730 kg)  15401b (FOOkg) | Block VWeight: 750 Ib (340 kg) 7101b (320 kg)
Block Volume: 11268 (0319 m’) 1078 (0.305 m) Block Volume: 5231t (0.148 m%) 458 ft* (0141 m’)
Center of Gravity: 13.97 (354 mm) 13.4" (340 mm) | Center of Gravity: 14.3" (364 mm) 13.8" (350 mm)
SHEAR KNOBS @ ok
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Face Texture: Cobble / Limestone  Kingstone f Ledgestone| Face Texture: Caobble / Limestone Kingstone / Ledgestone
Block Weight: 17401b (790 kg) 1670 Ib (760 kg) | Block Weight: 810 1b (370 kg) T701b (350 kg)
Block Volume: 121918 {0.345m’) 1170 17 (0.331 m") | Block Volume: 5861 (0.160m°) 5411 (0.153m")
Center of Gravity: 14.0% {355 mm) 13.5" (343 mm]) | Center of Gravity: 14.3" (364 mm ) 13.8" (352 mm)]
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FACE TEXTURE VARIES — ™ FACE TEXTURE VARIES — ™

2. Block production varies with each licensed Redi-Rock manufacturer. B,
Confirm availability before Specifying or Ordering. 7
. Center of Gravity is measured from the back of block,

ol

. Actual block velumes and weights may vary.

REDIROGK

. Units for dimensions are inches (mm), typical unless noted otherwise. 5.

Weights are based upon a concrete density of 143 I/t (2201kghm.
Half blocks contain a fork slot on only one side of the block.

. Interface Shear knobs are t;rr._lically 10" {254n'||_'m diameter by 4"

ters are a

(102mm] tall, knob d
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RETAINING BLOCKS

Block Library

R-41T 41" (1030mm) TOP *

Kingstone [ Ledgestone| Face Texturs:

R-41HT 41" (1030mm) HALF TOP *
Cobble f Limestone  Kingstone / Ledgestone

Face Texture: Cobble / Limestone

Block Weight: 17501 (790 kg) 1680 [b (760 kg}
Elock Volume: 1222 7 (0346 m") 11731 (0.332m")
Center of Gravity: 21.3" (540 mm) 20.6" (522 mm)

SPECIALITY BLOCK

T
@Bﬁf’i\a
- df]‘uj/
M
TN \\ kﬁ"}"
-~
FACE TEXTURE VARIES s Nt

R-41M 41" (1030mm) MIDDLE

Face Texture

Block Weight: 23101b (1050 kg) 2240 b (1020 kg)
Block Volume: 16.14 £ (0.457 m*)  15.65 ft’ (0.443 m")
Center of Gravity: 20.4" (518 mm}) 19.8" (504 mm)

SHEAR KNOBS @

T

R-41B 41" (1030mm) BOTTOM | R-41HB 41" (1030mm) HALF BOTTOM

FACE TEXTURE VARIES -

Face Texture:

Block Weight: 24401b (1110kg) 2370 1Ib (1070 kg)
Block Volume: 17.06 ft* (0.483m*) 16.56 it (0.469 m")
Center of Gravity: 20.7" (527 mm) 20.2" (514 mm)
)
Sy,
g
3 :
z N 2
5
@%’ e
B
'1\:\/"

o
3 ‘\‘v/ \‘K\/, kﬁq SR
FACE TEXTURE VARIES —

2. Block production varies with each licensed Redi-Rock manufacturer.
Confirm availability before Specifying or Ordering.

. Center of Gravity is measured from the back of block,

. Actual block volumes and weights may vary.

A
4

REDIROGK

Cobble / Limestone  Kingstone / Ledgestone Face Texture:
| Block Weight:

| Center of Gravity:

Cohble / Limestone  Kingstone / Ledgestone, Face Texture:

. Units for dimensions are inches (mm), typical unless noted otherwise,

| Block Weight: 770 Ib (350 kg) 740 |b {330 kg)
Block Volume; 5381 (0.15m%) 5141 (0.15m")
| Center of Gravity: 224" (568 mm) 21.6" (550 mm)
SPECIALITY BLOCK 3n

A 18 (457)

’%a,f e
FACETEKTUREVAFflES e

R-41THM 41" (1030mm) HALF MIDDLE
Cobble / Limestone  Kingstone / Ledgestone
1020 Ib (480 kgg
7.14 1 (0.20 m")
21.4" (543 mm)

590 Ib {450 kg)
6.90 ft (0.20 m*)
20.8" (528 mm)

Block Volume:

Lo 184457)

FACE TEXTURE VARIES —~

Cobble / Limestone  Kingstone / Ledgestone

| Block Weight: 1080 Ib (450 kg) 1050 |b (480 kg)
Block Volume: 7581 (0.21m°) 723 (0.21m")
| Center of Gravity: 21.7"(551 mm] 21.2" (538 mm})
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FACE TEXTURE VARIES —

. Weights are based upon a concrete density of 143 Ib/t” (220 1kgim®).

. Half blocks contain a fork slot on only one side of the block.

. Interface Shear knobs are typically 107 (254mm) diameter by 4
(102mm) kall, Smaller knob diameters are available.

& * 41" (1030mm) Top blocks are not typical and used in imited

applications.

~N oo,
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RETAINING BLOCKS

Block Library

R-41HC 41" (1030mm) HOLLOW-CORE

Face Texture: Cobble / Limestone  Kingstone / Ledgestone
Block Weight: 1,690 Ib {780 kg) 1,620 Ib (735 kg) |
Block Volume: 11.8316 (033 m") 113315 (0.32m7)
Center of Gravity: ~ 22.0" (558 mm) 21.3" (540 mm)

Infill Volume: 6.53f° (0.18 m™)

SHEAR KNOBS @

FACE TEXTURE VARIES —/\h\“-“/

—

. Units for dimensions are inches (mm), typical unless noted otherwise.

2. Block production varies with each licensed Redi-Rock manufacturer.
Confirm awvailability before Specifying or Ordering.

. Center of Gravity is measured from the back of block.

. Actual block volumes and weights may vary.

Bt

REDIROGK

5. Weights are based upon a concrete density of 143 b/t i2291kg.fma}.

. Half blocks contain a fork slot on only one side of the block.
7. Interface Shear knobs are typically 10" (254mm) diameter by 4"
(102mm) tall. Smaller knob diameters are available,
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RETAINING BLOCKS

Block Library

R-60M 40" (1520mm) MIDDLE R-60HM 40" (1520mm) HALF MIDDLE
Kingstone / Ledgestone

Face Texture: Cobble f Limestone  Kingstone / Ledgestone, Face Texture: Cobble f Limestone

Block Weight: 32901b (1490kg) 3220 Ib (1460 kg) Block VWeight: 1340 1b (610 kg) 1300 Ib (590 kg)
Block Volume: 23.001t (0651 m”) 22491t (0.637 m’) Block Volume: 9.341t°(0.264 m’)  9.09f’ (0.258m")
Center of Gravity:  31.0" (786 mm) 30.4" (772 mm) Center of Gravity:  33.7" (856 mm) 331" (840 mm)
By
SHEAR KNOBS @ oy
23 (584) OC, TYP.

A o -
FACE TEXTURE VARIES —~ e

R-40B 40" (1520mm) BOTTOM R-40HB 40" (1520mm) HALF BOTTOM

Face Texture: Cobble / Limestone  Kingstene / Ledgestone Face Texture: Cobble / Limestone  Kingstone / Ledgestone

Block Weight: 34201b (1550 ka) 2250 1Ib (1520 kg) Block Weight: 1400 Ib (630 kg) 13601b (620 kg)

Block Volume: 23.901t (0677 m’ 23 401 (0.663 m*) Block Wolume: 977 (0277 m’) 9521 (0.270m’)

Center of Gravity: 316" (802 mm) 31.0" (788 mm) Center of Gravity:  34.3" (871 mmy) 33.7" (856 mm)
/‘d}' 2

“ > - . 3
S :;‘\J” /// %}3}\ S ///
FACE TEXTURE VARIES — v FACE TEXTURE VARIES T

Units for dimensions are inches (mm), typical unless noted otherwise, 5. Weights are based upon a concrete density of 143 bt (2281 kgﬁr?),

1

2. Block production varies with each licensed Redi-Rock manufacturer. 6. 60" (1520 mm ) are typically used at the bottom of taller walls.
Confirm availability before Specifying or Ordering. 7. Half blocks contain a fork slot on only one side of the block.

3. Center of Gravity is measured from the back of block, 8, Interface Shear knobs are typically 10" (254mm) diam eter by 4"

4. Actual block volumes and welghts may vary, {102mm) tall, ller knob di ters are llabl

REDIROGK




APPENDIX: 1.1.5A BLOCK LIBRARY

RETAINING BLOCKS

Block Library

R-7238HC 72" (1830 mm) XL Hollow-Core

Face Texture: Ledgestone | Face Texture: Ledgestone

Block Weight: 3330 1L (1510 kg) | Elock WWeight: 4160 Ib (1890 kg)

Block Volume: 23.291t' (0.660 m") Block Volume: 29.10 ft* (0.824 m”)

Infill Volume: 22,881 (0648 m’) | Infill Volume: 36.29 #*(1.028 m*)

Center of Gravity: 29.00 (737 mm) Ceanter of Gravity: 39.9" (1013 mm) [\__ag
\"“‘?f‘?

SHEAR KNOBS @ 23

SHEAR KNOBS @ 23
(584} OC. TYP.

36 (914

FACE TEXTURE VARIES — = P

Face Texture: Ledgestone
Block Weight: 48401b (2190 ka)
Block Volume: 33831 (0.958m") 2
2 N
Infill Volume: 54631 (1547 m?) \\@,@

Certer of Gravity: 553" (1405 mm)

SHEAR KNOBS @ 23
584) OC, TYP.

361914y

\“\\
_,;\\
2 s
.—/..
- //
FACE TEXTURE VARIES —
1. Units for dimensions are inches (mm), typical unless noted otherwise, 4. Actual block volumes and weights may vary. =
2. Block production varies with each licensed Redi-Rock manufacturer. 5. \Weights are based upon a concrete density of 143 Ib/ft” (2291kghm?).
Confirm availability before Specifying or Ordering. 6. Interface Shear knobs are nominally 10" {254mm) diameter by 4"
3. Center of Gravity is measured from the back of block, excluding (102 mm) all.
stane infill

REDIROGK




APPENDIX: 1.1.5A BLOCK LIBRARY

RETAINING BLOCKS

Block Library

R-419M

41" (1030mm) MIDDLE 9" (230mm) SETBACK R-419HM
Cobble / Limestone  Kingstone / Ledgestone, Face Texture:

Cobble f Limestone  Kingstone / Ledgestone

Face Texture:
Block Weight: 23201b (1050kg) 2250 Ib (1020 kg) | Block Weight: 103010 (470 kg) 1000 Ib (450 kg)
Block Volume: 16211 (0.46m’) 1572 ff (0.44 m’) Block Volume: 7201t (020m’) 696 (0.20m")
Center of Gravity:  20.2*(514 mm) 19.7" (500 mm) | Center of Gravity:  21.3" (540 mm) 20.7" (525 mm)
AT
h"'\-\.\_ff.g

By,
)

g 3 #
2 ;
= i
g S
s P
& &
A ¢ )f/” 1B G
pfE T e gl
ey ] R -
FACE TEXTURE VARIES o FACE TEXTURE VARIES — L
FULL MIDDLE HALF MIDDLE
R-419B 41" (1030mm) BOTTOM 9" (230mm) SETBACK R-417HB
Face Texture: Cobble / Limestone  Kingstone / Ledgestone Face Texture: Cobble / Limestone  Kingstone / Ledgestone
Block Weight: 24501b {1110 kg) 2380 1b (1080 kg) | Block Weight: 1090 Ib (300 ka) 1060 |b (480 kg)
Block Volume: 1713/ (048 m*) 16637 (0.47 m?) Block Wolume: 7631 (0.22m°) 739 (021 m7)
Center of Gravity: 20.6" (523 mm) 201" (510 mm) | Center of Gravity: 21.6" (548 mm) 21.0" (534 mm)

SHEAR KNOBS @ 23

18 (457)

5 Lo S
\\/ ~, - /n\/,
FACE TEXTURE VARIES — 7 ™ "

FULL BOTTOM

. Units for dimensions are inches (mm), typical unless noted otherwise,

2. Block production varies with each licensed Redi-Rock manufacturer.
Confirm availability before Specifying or Ordering.

. Center of Gravity is measured from the back of block,

. Actual block volumes and weights may vary.

A
4

REDIROGK

B (45T
a«y@&

i i

FACE TEXTURE VARIES —

HALF BOTTOM

5, Weights are hased upon a concrete densily of 143 /R (2291kgim®),

6. Haif blocks contain a fork slot on enly one side of the block.

7. Interface Shear knobs are typically 10" (254mm) diameter by 4" (102
mim ) tall,
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APPENDIX:

1.1.5A BLOCK LIBRARY

RETAINING BLOCKS

Block Library

R-609M

Face Texture: Cobble f Limestone  Kingstone / Ledgestone
Block Weight: 33000 (1500 kg) 3230 Ib (1480 kg)
Block Volume: 2306t (0.65m*) 22,561t (0.64 m')
Center of Gravity: 30.9° (785 mm) 30.3" (770 mm)

SHEAR KNOBS @ 23

FACE TEXTURE VARIES — e
FULL MIDDLE
R-409B 40" (1520mm) BOTT
Face Texture: Cobble / Limestone  Kingstene / Ledgestone,
Block Weight: 3430 Ib (1550 kg) 2360 Ib (1520 ka)
Black Volume: 23971 (068 m°)  23.47 ' (0.66 m™)
Center of Gravity: 31.5" (800 mm) 30.9" (786 mm)

FACE TEXTURE VARIES —

FULL BOTTOM

40" (1520mm) MIDDLE 9" (230mm) SETBACK

. Units for dimensions are inches (mm), typical unless noted otherwise,

. Block production varies with each licensed Redi-Rock manufacturer.
Confirm availability before Specifying or Ordering.

. Center of Gravity is measured from the back of block,

. Actual block volumes and weights may vary.

poN | R

REDIROGK

OM 9" (230mm) SETBACK

R-609HM

Face Texture: Cobble f Limestone  Kingstone / Ledgestone
Elock WWeight: 12401k {610 kg) 1310 b (590 kg)

Block Volume: 9371 (0.26m") 8121 (0.26m")
Center of Gravity: 33.6" (856 mm) 33.0" (839 mm)

{%\ L - ; o
@}3 )N’/ }\\:/ e
FACE TEXTURE VARIES — e

HALF MIDDLE

R-407HB

Face Texture: Cobble / Limestone  Kingstone / Ledgestone
Block Weight: 1400 b {640 kg) 1370 Ib (620 kg)

Block Volume: 9.80 1t (0.28 m’) 9,55 ft* (0.27 m?)
Center of Gravity: 342" (869 mm) 33.6" (854 mm)

) r%}/ , ;x/ g o

FACE TEXTURE VARIES —

HALF BOTTOM

. Wieights are based upon a concrete density of 143 b’ (2291!1;&?),
6.
. Interface Shear knobs are typically 107 (254mm) diam eter by 4™ (102

Half blocks contain a fork slot on only one side of the block.

mm} tall.

. B0" (1520 mm ) Blocks are typically used at the bottom of taller walls.
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APPENDIX: 1.1.5A BLOCK LIBRARY

RETAINING BLOCKS

Block Library |

R41PCT 41" (1030mm) PC TOP

Face Texture: Cobble / Limestone  Kingstone / Ledgestone, Face Texture: Cobble f Limestone  Kingstone / Ledgestone
Block Weight: 11701 (530 kg) 1100 Ib (500 kg} | Elock WWeight: 1620 Ib (740 kg) 1560 b (710 kg)
Elock Volume: 8161 (0231 m") T7.6B (0.217Tm’) Block Volume: 11.38 /% (032 m")  10.881t (0.31 m")
Center of Gravity: 153" (388 mm) 14.6" (372 mm) | Center of Gravity: 21.8" (554 mm) 21.1" (536 mm)

N 9 ,/\\‘:“6“;.

g NG
g ~2
o . ol

2 =
3

=1 e
L~ &
< S
AR TN

e S Ee 3 S e
\\\./,’ 5 g’ S \1 % /’\h\«’\l L
T E W
FACE TEXTURE VARIES . -~

FACE TEXTURE VARIES —

R41PCM 41" (1030mm) PC MIDDLE

Face Texture Cobble / Limestone angaonefLedgedane! Face Texture:

Cobble / Limestone  Kingstone / Ledgestone
Block Weight: 1520 Ib (690 kg) 1450 Ib (660 kg) | Block Weight: 21701b (990 kg) 2100 Ib (950 kg)
Block Volume: 1062 7 (0.301 m*)  10.12 ft* (0.287 m”) Block Volume: 16.2 ft* (0.43 m") 14.69 1t (0.42 m")
Center of Gravity:  14.2" (360 mm) 13 6" (346 mm) | Centerof Gravity:  20.8" (522 mm) 200" (508 mm)
SHEAR KNOBS @ —, SHEAR KNOBS @-._ 6
23(584) OC, TYP o 9o, 23 (584) OC, TYP \?-’ﬁ?

e ‘\"{_7?;5)

5 | B g | -
>t < . “y P
NG r’ @ % . &9\“5—,_}
K P anE v 2. oo
\“»/" \}% ﬁ'l\f__ - \“'\./"} - :’ b
FACE TEXTURE VARIES — FACE TEXTURE VARIES — ¥
- : | omi ! R41PCB 41" (1030mm) PC BOTTOM
Face Texture: Cohble / Limestone  Kingstone / Ledgestone, Face Texture: Cabble / Limestone  Kingstone / Ledgestons
Block Weight: 1620 Ib (740 kg) 1550 Ib (700kg} | Block Weight: 22801b (1030 kg  22101b (1000 kg)
Block Volume: 11.341 (0321 m*)  10.85*(0.307 m%) Block Volume: 1592 ft* (045 m")  15.42ft (0.44 m’)
Center of Gravity: 14.2" (362 mm) 13.7" {349 mm) | Center of Gravity: 202" (514mm) 19.7" (501mm)
., T

18 (457)

FACE TEXTURE VARIES —

FACE TEXTURE VARIES —~ ™

. Units for dimensions are inches (mm), typical unless noted otherwise, 5. Weights are based upon a concrete density of 143 bt (2291kgkr?},

2. Block production varies with each licensed Redi-Rock manufacturer. G. Blocks contain a vertical slot for a 12" (300 mmy) strip of geogrid soil
Confirm availability before Specifying or Ordering. reinforcement,

3. Center of Gravity is measured from the back of block, 7. Interface Shear knobs are typically 10" (254mm) diam eter by 4" (102

4. Actual block volumes and welghts may vary, mm} tall. Smaller knob diameters are availlable.

REDIROGK




APPENDIX: 1.1.5A BLOCK LIBRARY

RETAINING BLOCKS

Block Library

030mm) PLANTER
Cobble / Limestone

Face Texture:

Block Weight: 20101k (910 kg) 1930 Ib (880 kg}
Elock Volume: 1402 f°(0.40m?) 13531t (0.38 m’)
Center of Gravity: 19.1% (485 mm) 18.4" (468 mm)
— @\ 5 )
el g B
o Qj Yoy,
5 P o
e =
S o)
g L
®| 14
~.%g B
o>

FACE TEXTURE VARIES —

R-MT MODIFIED TOP

Face Texture:

Block Weight: 1200 Ib (540 kg) 1130 Ib (510kg)
Block Volume: 838 ft (0.24m") 7.88 1t (0.22m%)
Center of Gravity:  17.9" (455 mm) 17.2" (438 mm)

SPECIALITY BLOCK

b
FACE TEXTURE VARIES — il

Kingstone [ Ledgestone| Face Texture:

Cobble / Limestone  Kingstone / Ledgestone Face Texture:

41" (1030mm) HALF PLANTER
Cobble f Limestone  Kingstone / Ledgestone

R-41HPL

| Block Weight: 880 Ib (400 kg) 840 Ib {380 kg)
| Block Volume: 6141 (0.17m’) 5881 (0.17m?)
| Center of Gravity: 202" (513 mm) 19.5" (495 mm)

. R-VIHT MODIFIED HALF TOP
Cobble / Limestone  Kingstone / Ledgestone

Block VWeight: 710 Ib {320 kg) 540 Ib {290 kg}
Block Volume: 4951 (0.14m%) 44517 (0.13m?)
| Centerof Gravity:  20.7" (527 mm) 19.8" (504 mm)
SPECIALITY BLOCK
g{“ LS
@l T r’y%
- e g
8
3 g
5 5
= . \In\@j?‘);\
R UK 98
oS

g bt
FACE TEXTURE VARIES —')\“ -

1. Units for dimensions are inches (mm), typical unless noted otherwise, 5. Weights are based upon a concrete density of 143 b’ (2291kgh'?},

2. Block production varies with each licensed Redi-Rock manufacturer.
Confirm availability before Specifying or Ordering.

3. Center of Gravity is measured from the back of block,

4. Actual block volumes and welghts may vary,

REDIROGK

&. Half blocks contain a fork slot on only one side of the block.
7. Interface Shear knobs are typically 10 (254 mm) diameter by 4" (102
mm) tall,
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APPENDIX: 1.1.5A BLOCK LIBRARY

RETAINING BLOCKS

Block Library

R-AB ANCHOR BOTTOM

R-AM ANCHOR MIDDLE

Face Texture: Cobble f Limestone  Kingstone / Ledgestone] Face Texture: Cobble f Limestone  Kingstone / Ledgestone
Block Weight: 23701b (1070 kg) 2290 1b (1040 kg) | Elock WWeight: 224000 (1010 kg) 21601k (980 kg)

Block Volume: 1654 ft* (0.47m”) 16,04 1t (0.45 m") Block Volume; 15631t (044m') 15131t (0.43 m")
Center of Gravity: 21.07 (533 mm) 20.4" (518 mm) | Center of Gravity: 20.6" (523 mm) 20.0" (502 mm)

e N 5@‘3/"'

~ T«

. e S
FACE TEXTURE VARIES — v g FACE TEXTURE VARIES — T

R-SM SHORT MIDDLE R-ST SHORT TOP

Face Texiure Cobble / Limestone  Kingstone / Ledgestone Face Texture: Cobble / Limestone  Kingslone / Ledgestone
Block Weight: 21401b (970 kg) 2080 Ib (940 kg) | Block Weight: 1110 Ib {500 Kg) 1050 Ib (480 kg)
Block Volume: 1495 7 (0.42m%) 1451 £ (0.41 m’) Block Volume: 7ITH022m°) 7331 (0.21m7)
Center of Gravity:  19.7" (499mm) 19.2" (487Tmm) | Centerof Gravity: 137" (349mm) 13.2" (336mm}
SHEAR KNOBS @ e
YO 00, TYR it SPECIALITY BLOCK
SPECIALITY BLOCK
e
z| A =
R
-~ e “‘«‘]?J-fq 4
D il e 0
FACE TEXTURE VARIES = el | FACE TEXTURE VARIES =" ~
R-419SM 9" (230mm) SETBACK SHORTMID R<419ST 9" (230mm) SETBACK SHORT TOP
Face Texture: Cohble / Limestone  Kingstone / Ledgestone Face Texture: Caobble / Limestone  Kingstone / Ledgestone
Block Weight: 1280 Ib (580 kg) 1240 Ib (560 kg) | Block Weight: 710 Ib (320 kg) £60 Ib (300 kg)
Block Volume: 8961 (0.25m")  8.6Bf (0.24m") Block Volume: 494 f°{0.14m%) 464 ft*(0.13m%)
Center of Gravity:  20.0" (507mm} 19.5" (494mm) | Center of Gravity: ~ 13.9" (352mm) 13.3" (339mm)

SPECIALITY BLOCK

SPECIALITY BLOCK

3 @
<9 T 0

e =
FACE TEXTURE VARIES — \\J'/

FACE TEXTURE VARIES — T

1. Units for dimensions are inches (mm), typical unless noted otherwise, 5. Weights are based upon a concrete density of 143 bfft (2291k¢n’].

2. Block production varies with each licensed Redi-Rock manufacturer. 6. 27" (695) wide blocks contain a fork slot on only one side of the
Confirm availability before Specifying or Ordering. biock. These are speciality blocks and may have limited availability

3. Center of Gravity is measured from the back of block, and is only used in double 80 degree corner applications.

4. Actual block volumes and welghts may vary, 7. Interface Shear knobs are typleally 10" (254mm) diameter by 4" (102

mm) tall, Smaller knob diameters are available.

REDIROGK
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APPENDIX: 1.1.5A BLOCK LIBRARY

FREESTANDING BLOCKS

Block Library

-288 _ JSTEPDOWN TOP R-41SDT
Face Texture: Cobble / Limestone  Kingstone / Ledgestone | Face Texture: Cobble / Limestone  Kingstone / Ledgestone
Block Weight 800 Ib (270 kg) St ) | Block Weight: 840 |b (380 kg 740 Ib (340 kg)

Block Volume: 421 (0.12m’) 341 (010m’) Block Volume; 591 (017 m) 511 (0.14m)

FACE TEXTURE VARIES — 7 o

1. Units for dimensions are inches (mm), typical unless noted otherwise,
2. Block production varies with each licensed Redi-Rock manufacturer.
Confirm awvailability before Specifying or Ordering.

REDIROGK

-
FACE TEXTURE VARIES — ™

3, Architectural faces on the blocks have varying texture.
4. Actual block volum es and weights may vary.

5. Wieights are based upon a concrete density of 143 Ib/ft” (2291 ngl'n’).

74



APPENDIX: 1.1.5A BLOCK LIBRARY

FREESTANDING BLOCKS

Block Library

Face Texture: Cobble / Limestone  Kingstone [ Ledgestone| Face Texture: Cobble f Limestone  Kingstone / Ledgestone

Block Weight: 1410 Ib (640 kg) 1260 Ib (570 kg} | Elock WWeight: 1050 1b {480 kg) 9101b (410 kg)

Block Volume: 9,841t (0.279m’) &84 (0.250m’) Block Volume: 7.35ft (0.208m%)  6.35 ft" (0.180m")
KNOBS @ 23

L 24 (610) +
LEDGESTONE
COBBLESTONE
23 {5B4) 2
LIMESTOME

FACE TEXTURE VARIES —

Face Texture:

Block Weight: 1520 Ib (690 kg) 1380 Ib (630 kg}
Block Volume: 10.65 ft° (0,302 m’)  9.66 it (0.273 m 1
KNOES @ 23
{584) OC, TYP. — (— 10(254) DIAMETER x

4 (102) HIGH, TYPICAL. 6 (152)
DIAMETER KNOBS OFTICNAL

18 (457

j“ﬂ TEXTURE
(556\ # VARIES

TR x!g
e o 5\!/*24(610}1
FACE TEXTURE VARIES LEDGESTONE
COBBLESTONE
23 (584) +
LIMESTONE

2. Block production varies with each licensed Redi-Rock manufacturer.
Confirm awvailability before Specifying or Ordering.

. Architectural faces on the blocks have varying texture,

. Actual block volumes and weights may vary.

£

REDIROGK

Cobble / Limestone  Kingstene / Ledgestone Face Texture:

. Units for dimensions are inches (mm), typical unless noted otherwise,

LEDGESTONE
COBBLESTONE
23 (584) =
LIMESTONE

Cobble / Limestone  Kingstone / Ledgestone
| Block Veight: 1380 Ib (620 kg) 1230 b (560 kg)
Block Volume: 961 (0.272m) 862t (0.244 m")

— LIFTING INSERT OR TEXTURED
TOP SURFACE, OFTIONAL

~. . FACE
i
e VARIES
R 53"

“’ TEXTURE

T {
o 24 (810
FACE TEXTURE VARIES — e LEécc)sf'oN;
COBBLESTONE
23(584) ¢
LIMESTONE

5. Weights are based upon a concrete density of 143 [b/it” (2281 kgm).

6. 6" (152 mm) diameter vertical semi-clyindrical voids at the ends of the
black for mechanical tie-down are available, refer to Force Protection
blacks for additional information.

7. Knobs are typically 10" {254mm) diameter by 4" {102 mm) tall. Smaller
knobs are available,
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APPENDIX: 1.1.5A BLOCK LIBRARY

FREESTANDING BLOCKS

Block Library

Face Texture: Cobble / Limestone
Block Weight: 127016 (570kg) 1120 Ib (510 kg) | B
Block Volume: 886 (0251 m) 786 (0.223m") B

— 12(305) x 4 (101) END
RECESS

— FACE

. TEXTURE

\\ag@ﬂ"" /_;~ VARIES

~L24 (B10)
LEDGESTONE
COBBLESTOME
24 (584) &
LIMESTOMNE

P

.
. :
FACE TEXTURE VARIES —~

e

Face Texture: Cobble / Limestone  Kingstene / Ledgestone, F

Kingstone [ Ledgestone| Face Texture:

Cobble f Limestone  Kingstone / Ledgestone
970 I (440 kg)
.76 1 (0.191 m”)

lock Vieight:
lock Volume:

8201b {370 kg)
576 ft' (0.163m")

_— FACE
TEXTURE
; VARIES

fza (610) £
LEDGESTONE
COBBLESTONE
23 (564) &
LIMESTONE

,)
FACE TEXTURE VARIES —

ace Texture: Cobble / Limestone  Kingstone / Ledgestone

Block Weight: 1380 Ib (630 kg) 1240 b (560 k)| | Block Weight: 1240 Ib (560 kg) 1090 Ib (500 kg)
Block Volume: 965 (0.273m°)  8.66f (0.245m%) Block Volume: 863ft (0.244m”) 764 (0216 m”)
KNOBS @ 23
(584) OC, TYP, — — RECESS OPTICNAL
RECESS OPTIONAL —, — 10 (254) DIAMETER x

4 (102) HIGH, TYPICAL. 6 (152)
DIAMETER KNOBS AVAILABLE.

_— FACE

~. "% TEXTURE

% N o VARIES
= ;

= \"\‘3@ -~

A T L 24 (B10) 2
" LEDGESTONE
COBBLESTONE
23 (584) £
LIMESTONE

FACE TEXTURE VARIES —

1. Units for dimensions are inches (mm), typical unless noted otherwise,

2. Block production varies with each licensed Redi-Rock manufacturer.
Confirm awvailability before Specifying or Ordering.

3. Variable radius feature can be cast on only one end, coordinate,

REDIROGK

~N@ o

/— LIFTING INSERT OR TEXTURED
TOF SURFACE, OPTIOMAL

&
2
I
.ll
OPTIONAL ™
GROOVE ,\er;,)? S T
EXTENTION — _ /njg\ " VARIES
i i\:{b Ao @10
FACETEXTUREVARIES — ™  LeonesioNE
COBBLESTONE
23 (584) £
LIMESTONE

Architectural faces on the blocks have varying texture.

. Actual block volum es and weights may vary.

. Wieights are based upon a concrete density of 143 Ib/ft” (2291 ngl'n’).
. Knobs are typically 10" (254 mm} diameter by 4" (102 mm) tall.
Smaller knobs are available.
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APPENDIX: 1.1.5A BLOCK LIBRARY

FREESTANDING BLOCKS

Block Library

Face Texture: Cobble / Limestone  Kingstone / Ledgestone

Block Weight 1350 Ib (610 kg 1200 Ib {550 kg)

Block Volume: 9.411 (0.267m”) 242 (0.238m")
KNOBS @ 23

(584) OC, TYP. —

6(152) DIAMETER x 18 (457}
[ TALL RECESS EACH END

it— CAST-IN #4 (#13) REBAR
HOCK EACH END

— FACE
TEXTURE

- SR e WARIES
R A

g - e
FACE TEXTUREVARIES — o cat8i0:

COBBLESTONC
23 {584y 2
LIMESTONE

Face Texture: Cobble / Limestone  Kingstone / Ledgestone|

Block Weight: 1460 Ib (660 kg) 1320 Ib (600 kg)

Block Volume: 10231 (0290 m°) 9231 (0.261 mY)

KMNOBS @ 23
{584) OC, TYP. — 10 (254) DIAMETER x

4(102) HIGH, TYPICAL. 6 (152)
DIAMETER KNOBS AVAILABLE.

HORIZONTAL VOID FULL
LENGTH OF BLOCK, TYP,

18 (457

™~ R
o 46‘}-(?7 3 \“\(',_ FACE
- i e
- : . € TEXTURE
=E 2T o VARIES
N e g O s
- ~ A g
AL 24 (810
FACE TEXTURE VARIES — e LEDGESTONE
COBBLESTONE
23 (5B4) £
LIMESTONE

1. Units for dimensions are inches (mm), typical unless noted dherwise,

2. Block production varies with aach licensed Redi-Rock manufacturar.
Confirm availability before Specifying or Ordering.

3. Architectural faces on the blocks have varying texture.

REDIROGK

Face Texture: Cobble / Limestone  Kingstone / Ledgestone
Block Weight: 13101b (600 kg) 11701b (530 kg)
Block Volume: 9.19ff' (0.260m%  8.191t (0.232m")

— LIFTING INSERT OR TEXTURED
TOP SURFACE, OPTICNAL

r
2]
=
2y
s .. .~ FACE
: “‘-»}7\"*‘-'\_ TEXTURE
~_ ~ \\{6@ & VARIES
W e T e s
FACE TEXTUREVARIES — ™ | EoOESrONE
COBBELESTONE
23 (5B4) £
LIMESTONE
Block Weight: 9,350 Ib (4,240 kgq)
Block Volume: 65.4 ft* (1.85m’)

54 (1372)

REQUIRES CUSTOM INTERNAL .\"\\
REINFORCEMENT AND DOWELS FOR ™.
TRAFFIC MOMENT SLAB CONNECTION, ™

FACE TEXTURE VARIES
4. Actusl block volumes and weights may vary.
5. Weights are based upon a concrete density of 143 b/t (2281 kg,
6. Knobs are typically 10" (254mm) diameter by 4" (102 mm) tall.
Smaller knobs are available,

7



APPENDIX: 1.1.5A BLOCK LIBRARY

FREESTANDING BLOCKS

Block Library

Face Texture: Cobble / Limestone  Kingstone / Ledgestone, Face Texture: Cobble f Limestone  Kingstone / Ledgestone
Block Weight: 1370 Ib (620 kg) 1360 Ib (620 kg) | Block VWeight: 1070 Ib (480 kg) 1060 Ib (480 kg)
Block Volume: 96Tt (0.27m") 951t (0.27m") Block Volume: 7.5t (0.21m°) 7.4 (0.21m’)

KNOBS @ 23
(584) OC, TYP. —.

— CORNER BLOCKS

TEXTURED CM
= THREE FACES
%r]
=
Q
_ _—FACE
'>'“<, TEXTURE
i (@m =+ VARIES
N - 24 {610
FACE TEXTURE VARIES — o LE,g‘*GE;ONE
COBELESTONE
23 (584) £
LIMESTONE
Face Texture: Cobble / Limestone
Block Weight; 1490 Ib (680 kg) 1480 Ib (BT0 kg)
Block Volume: 104t (0.30m") 103/t (0.29m")
KNOBS @ 23
(584) OC, TYP. —.

~ 10 (254) DIAMETER x
4 (101) HIGH, TYPICAL. 6 (152)

9 _— FACE
'\x \{ TEXTURE

\d\ ey o VARIES

N Tos B10) +
LEDGESTONE
COBBLESTONE
23 (584} +
LIMESTONE

FACE TEXTURE VARIES —~

1. Units for dimensions are inches (mm), typical unless noted otherwise.

2. Block production varies with each licensad Redi-Rock manufacturer.
Confirm availability before Specifying or Ordering.
3. Architectural faces on the blocks have varying texture,

REDIROGK

Kingstone / Ledgestone Face Texture:

DIAMETER KNOBS AVAILABLE.

o)
o
"o ':12 k
1 1 =
= 12
s ~

8 TEXTURE
@ ) VARIES

”124 (610) +
LEDGESTONE
COBBELESTONE
23(584) ¢
LIMESTONE

,f o,
FACE TEXTURE VARIES — ~

Cabble /Limestone  Kingstone / Ledgestone
1340 Ib (610 kg) 1330 Ib (600 kg)

| Block Weight:
9.4t (0.26m") 9.3 (0.26m")

Block Volume:

— LIFTING INSERT OR TEXTURED
[ TOP SURFACE, OPTIONAL

_ -~ FACE
~ £ TEXTURE
& > VARIES
i

To (610) ¢
LEDGESTONE
COBBLESTONE
23 (584) &
LIMESTONE

FACE TEXTURE VARIES —

4. Actual block volumes and weights may vary.

5. Weights are based upon a concrete density of 143 Ib/t” (2291 kgif®).

6. Knobs are typically 10" (254mm) diameter by 4" (102 mm) tall.
Emaller knobs are available.
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APPENDIX: 1.1.5A BLOCK LIBRARY

FREESTANDING BLOCKS

Block Library

Face Texture: Cobble / Limestone  Kingstone / Ledgestone, Face Texture: Cobble f Limestone  Kingstone / Ledgestone
Block Weight: 660 Ib (300 Icg,‘u 650 b (300 kg) | Block VWeight: 530 b (240 kq} 530 1b (240 kg]
Block Volume: 461 (0.13m 461 (0.13m") Block Wolume: 37/ (0.11m) 3.7 (0.10m°)

— CORNER BLOCKS

TEXTURED CM =
THREE FACES 'Eg
__— FACE = "
~#  TEXTURE L TE)(TLIRE
f)- VARIES = f ; @ ) VARIES
o L 24 (610 : f'x. ”124 510
FAGE TEXTURE VARIES — s LE,g‘*GE;ONE FACE TEXTUREVARIES -~  [EiRO0E e
COBELESTONE COBBELESTONE
23 (584) + 23 (584) £
LIMESTONE LIMESTONE
Face Texture: Ceobble / Limestone  Kingstone / Ledgestone Face Texture: Cebble fLimestone  Kingstone / Ledgestone
Block Weight; 710 Ib (320 kg) 700 |b (320 kg) | Block Weight: 640 Ib (290 kg} 630 Ib (290 kg)
Block Volume: 5.0 (0.14m") 491 (0.14m") Block Volume; 451t (0.13m) 4.4 (0.13m")

10 (254) DIAMETER x 4 (101) HIGH
KNOB, TYPICAL. 6 (152) DIAMETER
| KNOB AVAILABLE.

— LIFTING INSERT OR TEXTURED
TOP SURFACE, OFTIONAL

= =
-g' a
@ ~_ -~ FACE Lo} e ~._ - FACE
23z S~ TEXTURE <P 2 = ~ < TEXTURE
oy, ST T VARIES E ”’ﬁ% W > VARIES
NN [&} ) u‘
N /724(610}1 P /{24(510u
FACE TEXTURE VARIES — LEDGESTONE FACE TEXTURE VARIES - b ad LEDGESTOMNE
COBBLESTONE COBBLESTONE
23 (584) 2 23 (584) &
LIMESTONE LIMESTONE
1. Units for dimensions are inches (mm), typical unless noted otherwise. 4. Actual block volumes and weights may vary.
2. Block production varies with each licensad Redi-Rock manufacturer. 5, Weights are based upon a concrete density of 143 Ib/ft” (2291 kgim®).
Confirm availability before Specifying or Ordering. 6. Knobs are typically 10" (254mm) diameter by 4" (102 mm) tall.
3. Architectural faces on the blocks have varying texture, Smaller knobs are available.
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APPENDIX:

1.1.5A BLOCK LIBRARY

FREESTANDING BLOCKS

Block Library

Face Texture:
Block Weight:
Block Volume:
Infill Wolume:

FACE TEXTURE VARIES — T

Face Texture:
Block Weight:
Block Volume:
Infill Velume:

18 (457

FACE TEXTURE VARIES —

1

2
3
4
5

REDIROGK

Cobble / Limestone  Kingstone / Ledgestone| Face Texture:
| Block Weight:

Block Volume:
| Infill Volume:

910 b (410 kg) 7701b (350 kg)
6381 (0.181m°) 5381 (0.152m’)
40918 (D118 mY)

“~. ,— FACE
S TEXTURE

A & o vamEs
"‘\,/'/‘\'\ \"':'3@ ’(/

~% 24810y 2
LEDGESTONE
COBBLESTONE
23 (5684) +
LIMESTONE

Cobble / Limestone  Kingstene / Ledgestone

46016 (210 kg) 290 b (180 kg) |
3197 (0.090m%) 2691 (0.076m%)
2.04 ft*(0.058 m*)
\
\‘\(??‘r/

e J . _—FACE
£ S, € TEXTURE
8 . S o VARIES

\‘%'&i e ?\{\3{9,(//
T2 610 ¢
LEDGESTONE
COBBLESTONE
23 (564) £
LIMESTONE

. Units for dimensions are inches (mm), typical uniess noted otherwize.

. Confirm block production with licensed Redi-Rock manufacturer

. Architectural faces on the blocks have varying texture.

- Average block weights shown. Actual block volumes and weights may vary.
. Weights are based upon a concrete density of 143 b/ (2281 kahm®).

18 {457)

Face Texture:
Block Weight:
Block Velume:
Infill Volume:

FACE TEXTURE VARIES —

Cobble /Limestone  Kingstone / Ledgestone

1000 1b {460 kg) 970 1b (440 kg)

7.011t (0.198 m?)  6.80 ft' (0.192 m™)
3.37 7 (0085 m*)

— FACE
‘x\“'\{ TEXTURE
. A\ o~ VARIES
\'“J:}k?'gp ,/?

\ P

B T (610) +
FACE TEXTURE VARIES — il LEDGESTONE
COBBLESTONE
23 (594) +
LIMESTONE

Cobble / Limestone  Kingstone / Ledgestone
5501b {250 kg) 5101b (230 kg}
3811 (0108 mY) 353 #°(0.100m*)

1.31 12 (0.037 m7)

_— FACE
TEXTURE

T 241810 &
LEDGESTONE
COBBLESTONE
23 {584) =
LIMESTONZ
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APPENDIX: 1.1.5A BLOCK LIBRARY

FREESTANDING BLOCKS

Block Library

Face Texture: Cobble f Limestone  Kingstone / Ledgestone | Face Texture: Cobble / Limestone  Kingstone / Ledgestone
Block Vveight: T40 b (340 kg) 660 Ib (300 kg) | Block Weight: 550 Ib (250 kg) 470 Ib (210 kg)
Block Volume: 5177°(0.146 m*)  4.60 ft' (0.130m’) Block Volume: 3.86ft'(0.109m*)  2.30ft' (0.093m")

’ LIFTING INSERT, OPTIONAL - .~ LIFTING INSERT, OPTIONAL

7 . _—FAGCE

i 9 . _.~ FACE
.. ™  TEXTURE

< TEXTURE

L . /)"\ 7 VARIES k N % e VARIES
LY ;%@ﬁj - S -\}\4&1 "
AT e 24 (610) + . <7 L 24 (B10) £
FACE TEXTUREVARIES —~ a0 o FACE TEXTUREVARIES — ™ [enGESroNE
COBBLESTONE COBBLESTONE
23(5B4) + 23 (584) +
LIMESTONE LIMESTOMNE

Face Texture: Cobble / Limestone  Kingstone / Ledgestone
Block Weight: 1330 |b (600 kg) 1320 Ib (600 kg)
Block Volume: 9.3 ft* {D.26m") 9.2 ft° (0.26m”)

4xBx2 (102¢152¢51)

OVAL KNOBS @ 23 13 (330) WIDE GROCVE

{584) OC, TYP, - NEAR END OF BLOCK

_— OPTIONAL 6 (152)
A~ DIAMETER KNOB IN
LIEL OF OVAL KNOB
THIS LOCATION

b

— CORNER BLOCKS
TEXTURED ON
THREE FACES

18 (457

~._.— FACETEXTURE
-, "% VARIES

Az
Lo et
FACETEXTURE VARIES — ™ LeNOELTONE
COBBLESTONE
23 (584) +
TOP BLOCK HAS NO SHEAR KNCBS LIMESTONE
AND A TEXTURED TOP SURFACE.

1. Units for dimensions are inches (mm), typical unless noted otherwise, 3, Architectural faces on the blecks have varying texture.
2. Block production varies with each licensed Redi-Rock manufacturer. 4. Actual block volum es and weights may vary.

Confirm availability before Specifying or Ordering. 5. Wieights are based upon a concrete density of 143 It (2291 ngl'n’).
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APPENDIX: 1.1.5A BLOCK LIBRARY

ACCESSORIES (CAP AND STEP BLOCKS)

Block Library

Block Weight: 620 Ib (200 kg) Block Weight: 670 Ib {300 kg)
Block Volume: 4,42 16 (0,125 m’) | Block Volume: 4,85 f££(0.132 m’)

Block Weight: 660 Ib (300 kq) Block Weight: 1,230 Ib (560 kg)
Block Volume:; 4591 (0,130 m") | Block Volume: 8581 (0.242m")

1. Units for dimensions are inches (mm), typical unless noted otherwise. 3. Actual block volumes and weights may vary.

2. Block production varies with each licensed Redi-Rock manufacturar. 4. \Weights are based upon a concrete density of 143 ik’ (2201 kgin®).

Confirm awvailability before Specifying or Ordesing.

REDIROGK

82



APPENDIX: 1.1.5A BLOCK LIBRARY

ACCESSORIES (COLUMN BLOCKS)

Block Library

Block Weight: 730 Ib (330 kg) Block VWeight: 810 Ib (370 kg)
Block Volume: 511 (0.14 m’) | Block Volume: 561 (0.16m7)

CENTERED 4 (102) DIAMETER
PVC PIPE SLEEVE THRU BLOCK ?
/

CENTERED THRU TAPERED HOLE
8-10 (200-250) DIAMETERS T,

|
h

T
2 g
= =
e s
s o - T
'i_\é‘,{ . B\G\,} \/‘}
ke . . ol
NP J
Block Weight: 830 Ib (380 kg) Elock Weight: 390 Ib (180 kg)
Block Volume: 581 (0.16 m") | Block Volume: 271t (0.08 m%)
CHTIQNAL EENCE:PORKET P OPTIONAL 4 (102) DIAMETER
: = THRU CENTER HOLE —,
=
5 g
= il =
- 1._/ _/-"*rc
- ey ‘“-
~ O e 5 -

1. Units for dimensions are inches (mm), typical unless noted otherwise, 4, Weights are based upon a concrete density of 143 b’ (2281 Hg#n’).
2. Block production varies with each licensed Redi-Rock manufacturer. 5. Weight and volume ranges represents the blocks with the maximum
Confirm availability before Specifying or Ordering. hole size shown and with no hole.
3. Actual block volumes and weights may vary. G, Optional fence rail pockels available upon request. Typical pocket
size is: 2 (50) wide x 5(130) deep x & (230} tall.
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APPENDIX: 1.1.5B XL REINFORCING

APPENDIX:

1.1.5B XL REINFORCING

RETAINING BLOCKS

Reinforcing Steel

L l 3D VIEW

a b d
=3 93¢
87" ( |
i s /A
®
BAR DIAGRAM
BAR SCHEDULE
DIMENSIONS
BAR* a b 3 | d LEMGTH/BAR NO. BARS TOTAL LENGTH
() 2-8" (813 mm) = _ 28" (0.81 m) 14 37-4"(11.38 m)
(B) 717" (2172 mm) | 2“0 7' (629 mm) | 14" (406 mm) | 1-2" (356 mm) | 188" (5.69 m) 2 37-4" (11.38 m)
TOTAL: 74-8" (2276 m)

“All bars #4, ASTM AB15 or AT06 Grade 60 (13 mm, 420 mPa)
“B:armay be supplied in two paris, with a lap splice along the front dimension, "b". Minimum lap splice length is 12 inches (305 mm).

REDIROGK
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APPENDIX: 1.1.5B XL REINFORCING

RETAINING BLOCKS

Reinforcing Steel

ar
(2210 mm)
I = S— |- —+r I — - £
S i | — [ =
E T __:|__l & 1
Min. bend radius i
26 1/4" - [wclgom | 17 5/8"
(666 mm) Min. Cover e (450 mm)
13" (35 mm) | R |
| Pl =y L) | |
12 i vl
L ] #4 vertical bars, 32" (813 mm) leng, all inside cage
L= - (typ. of 10)
#4 bent hoop, bent as shown (typ. of 2)
(continuous bar, overlap 12" (305 mm) min., back end)
TOP VIEW
L 20" o oy e 2812 e 2012 il 23" o, Y
(508 mm) (394 mm) (673 mm) {321 mm) ‘ (584 mm) -I 305 mm
T iad | | | o | |
A 7 % Il |g
Y P ] ¥
N /
'R:\’s/’ am L]
/3‘\\ (813 mm)
! |

g
-

4 4 . I | | B
% E R . :
_L._._. | T | I

6" (150 mm) dia. rebar spacer (typ, of 4)
4" (100 mm) dia. rebar spacer (typ. of 8)

#4 diagenal bars, 32" (813 mm) long (kyp. of 2)
#4 diagonal bars, 32" (813 mm) long (typ. of 2) (crossed, inside cage)
{crossed, inside cage)

FRONT VIEW SIDE VIEW BACK VIEW
Notes:
1. All bar shall comply with ASTM AG15 or A706, Grade 60 (13 mm, 420 MPa).
2. Secure all bar intersections.
3. Maintain concrete cover of no less than 1inch (25 mm) over all reinforcing steel. Actual cover varies.
20F 2
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APPENDIX: 1.1.5B XL REINFORCING

RETAINING BLOCKS

Reinforcing Steel

R-7234HC 72" (1,830 mm) Hollow Core Retaining Block

BAR DIAGRAM
BAR SCHEDULE
DIMENSIONS
BAR® a b e d LENGTH/BAR | NO BARS |TOTAL LENGTH
(= 2-8" (813 mm) 2-8" (0.81 m) 12 32-0"(9.75m)
519" (1562 mm) | 2-0 ' (629 mm) | 16+ (470 mm) | 1-3 3" (387 mm) | 14-10" (4.52 m) 2 25-8"(9.04 m)
TOTAL: 61-8"{18.79m)

“All bars #4, ASTM A615 or AT06 Grade 60 (13 mm, 420 mPa)
"Barmay be supplied in two parts, with a lap splice along the front dimension, "b". Minimum lap splice length is 12 inches (305 mm).

10F 2
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APPENDIX: 1.1.5B XL REINFORCING

RETAINING BLOCKS

Reinforcing Steel

R-7234HC 72" (1,830 mm) Hollow Core Retaining Block

a3
(1600 mm)
!I o |
e
“ Min. Bend Radius
26 114 " === 2014"
(666 mmj} Min. Cover el (514 M)
| 1%'(35mmj_l | |
—f— ] \_ "' __
5 if = J Y #4 vertical bars, 32" (813 mm) leng, &ll inside cage
- {typ. of &)
#4 bent hoop, bent as shown (typ. of 2)
{eontinuous bar, overlap 12" (305 mm) min,, back end)
TOP VIEW
B o s 28zt Lo1m L e
(508 mm) | (394 mm) (673 mm) (495 mmy) 368 mm
e | z 3
U | ' | 4‘
'l L i | (178 mm)
| 1B i | -
BL = % | &
| A
1 | 18"
mny | m (457 mm)
[l 'I-l. i 1
— | — &
/ ) | f (178 mm)
| il !

=}

#4 diagonal bars, 32" (813 mm) long
(typ. of 2) (crossed, inside cage)

6" (150 mm) dia. rebar spacer (typ. of 4)
4" (100 mm) dia. rebar spacer (typ. of 8)

#4 diagonal bars, 32" (813 mm) long
(typ. of 2 (crossed, inside cage)

FRONT VIEW SIDE VIEW BACK VIEW

Notes:

1. All bar shall comply with ASTM AG15 or A706, Grade 60 (13 mm, 420 MPa).
2. Secure all bar intersections.
3. Maintain concrete cover of no less than 1inch (25 mm) over all reinforcing steel. Actual cover varies.

20F 2
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APPENDIX: 1.1.5B XL REINFORCING

RETAINING BLOCKS

Reinforcing Steel

43 172"
(1105 mm)
SR U .'l" o T
1 “\_' == B i
| Min. Bend Radius o
26 14" ™ 22 378"
(666 mm) Ly (568 mm)
} ae Ty I !
e ey TR
P | I "__ #4 bent hoop, bent as shawn (typ. ef 2)
= (continuous bar, overlap 12" (305 mm) min., back end)
#4 vertical bars, 32" (813 mm) long,
all inside cage (typ, of 6)
TOP VIEW
o Ee 1R 265B" T
(508 mm) (394 mm) (676 mm) “ 432 mm
B 2 I'.'. h: Y t
|
| N
1 1 1$a (178 mm) !
_ } T e
£y ///’ ' | Min. Cover
‘):y" 3 i %"{44 mm) 18"
P (813 mm) {457 mm)
A | L p
Y b I |
X J
1 7 B
(178 mm) 4

1

4" (100 mm) dia. rebar spacer

(typ. of 8) 6" (150 mm) dia. rebar spacer (typ. of 4)
#4 diagonal bars, 32" (812 mm) leng (typ. of 2) #4 diagonal bars, 32" (813 mm) long
(crossed, inside cage) (typ. of 2) (crossed, inside cage)
FRONT VIEW SIDE VIEW BACK VIEW

Notes:
1. All bar shall comply with ASTM AG15 or A706, Grade 60 (13 mm, 420 MPa).
2. Secure all bar intersections.
3. Maintain concrete cover of no less than 1inch (25 mm) over all reinforcing steel. Actual cover varies.

20F 2
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APPENDIX: 1.1.5B XL REINFORCING

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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APPENDIX: 1.1.5B XL REINFORCING

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

Fig. 4. Top view of front face subject to flexure.
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APPENDIX: 1.1.5B XL REINFORCING

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.

Fixed-Fixed Beam L
w (distribured load)

JI11181338111 00

NN

Loading Diagram

N
AN\

Shear Force Diagram Vmax (at ends) = w;'
wi?
Mmax (at ends) = 12
Bending Moment Diagram 2
M (at center) = wl
24
 wit
Amax (at center) = 384 E1
Fig. 5. Beam diagrams for a fixed-fixed beam.
The cross-section of the unsupported front face is shown in Figure 6.
Cross-Section of front face
(Orientation is 90° from actual to match beam diagrams)
5.72 in. (145 mm)
2.72in. (69 mm)i

F#—————— 36in.(914mm) ———F

Fig. 6. Cross-section of the front face.
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APPENDIX: 1.1.5B XL REINFORCING

The centroid, area moment of inertia, and elastic section modulus of the unsupported front face are
shown in Figure 7.

Centroid

LAY _ (2.72x36)2.72/2)+(0.5 x 3.00 x 36)(2.72 + 3.00/ 3}
T A (2.72 x 36) + (0.5 x 3.00 x 36)

= 2.20in. {measured from the
bottom of the rectangle which is
the side in tension)

Y:

Area Moment of Inertia

1= ):(Iiumdiz):mJ, (97.92)(2.20 - 1.36% +

(36)(3.00)°

TR (54.00)(2.72 + 1.00 - 2.20) = 281.2 in*

Elastic Section Modulus

_ I 2812 .3
5= 7 = 20 =127.8in

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:

Vi = 100 b / 13
ky = 0.5 (at-rest sarth pressure coefficient)

Pressure from Infill Stone at bottom of 30 ft tall wall, P, = (30) (100} (0.5) = 1,500 Ib / £
Force en inside of front face of 3 ft tall XL block, Fq = {3) {1,500} = 4,500 b /ft=3751b/in

Load Factor, ¥, max = 1.35 AASHTO {2020) Table 3.4.1-2 (EH, at-rest earth pressure)

The average width of the unsupported span of the inside of the front face = 15in.

2
M=135 M g5 G705

15 12 =9,492 |b. -in.

The maximum resisting to bending of the front face is calculated as follows:

Reduction factor, ¢ = 0.6 ACI3189.35
Modification factor, A = 1.0 ACI 318 8.6.1
6 Mn = (0.6) (52 fFc S) ACI 318 (22-2)

$ M = (0.8) (5) (1.0) (/4000) (127.8)= 24,248 |b « in
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APPENDIX: 1.1.5B XL REINFORCING

Since the factored resistance to bending is greater than the maximum bending moment (¢ M, > M,),

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.

=

86 in. (2,184 mm)

[V

~— 36in. (914 mm)

2 222

Fig. 8. Side view and critical cross-section of worst case.
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APPENDIX: 1.1.5B XL REINFORCING

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.

Simply-supported Beam ,i’ ) ,i
w (distribured load)

JITIIITRLINININY
077 7

Wﬁm\ Vi (o and) = 1

Shear Force Diagram
12
W Mmax (at center) = w8

X
mm e
Bending Moment Diagram 5wt

Amax (at center) = m

Loading Diagram

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

The critical cross-section in shown in Figure 10.

* izin. (51 mm)

22 in. (559 mm)

J izin. (51 mm)

6.8in. (173 mm) 4 #4 Bar, A615 Grade 60 (Typical)
8.0in. (203 mm)

Fig. 10. Critical cross-section.
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APPENDIX: 1.1.5B XL REINFORCING

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:

As = 0.20 in” (each leg)

f, = 60,000 psi
b = 7 in {for analysis)
A f, 0.20 x 60,000
a= = =0.50in.
085 f. b 0.86x4,000x 7

M, = 2 [Ae T, (d - 2/2) 1= 2 0.20 x 60,000 (20 - 0.50/2) ] = 474,000 Ib + in

Set maximum bending moment equal to mement capacity and solve for load where first yield could occour:
Mx =M, uuz_x (L-x) =M, wTSG (86 - 36) = 474,000 w=527Ib/in=6320Ib/ft
Use design infilled weight of XL blocks to calculate height where first yield could accur:

Design infilled unit weight of wall, v, =112 1b i (includes infill stone and concrete blocks)

@ = Yoy X Widith x H 6,320 = 112x 8.0 x H H=7.0f

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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APPENDIX: 1.1.5B XL REINFORCING

Fig. 11. Setup for flexural testing of R-9636HC XL blocks.

i |
i _’/
e - - /
: L - | |Bas: i
RELAARRRLAIA ; - - ]
gjini| B e . i
SR ~ O -
I ul |
gt _ s .
o J y .
y e |I
=yl el ety .
.
= ; -
e,
"l_ LS !
= - = =3 ;';- g ,“".-

Fig 12. Results of testing on an unreinforced block.
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APPENDIX: 1.1.5B XL REINFORCING

0 Mor fon B8R
LY

W =45t bs

_; ;r..: ]

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 |b. Three tests were run with measured values of 21,693 Ib,
22,150 Ib, 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.
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APPENDIX: 1.1.5B XL REINFORCING

R-9636HC Flexure Tests

Vertical Load (Ib)

0.00 0.50 1.00 1.50
Deflection {in)

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

R-9636HC Flexure Tests

40000
35000
30000
25000

20000

Vertical Load (Ib)

15000

10000

Test 1

—T o5t 2
5000
e Tt 3

0.00 0.10 0.20 0.30
Deflection (in)

Fig. 15. Close-up view of the load-deflection curves at first yield.

REDIROGK

2.00

0.40

2.50
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APPENDIX: 1.1.5B XL REINFORCING

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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APPENDIX: 1.1.10 UNIT-UNIT INTERFACE SHEAR TEST REPORTS

REDFROCK RFACE SHEAR DESIGN PARAMETERS

05481US 31 SOUTH « CHARLEVOIX. MI48720 » 866-222-6400 « WWW.REDI-ROCK. COM

Test Methods:  ASTM D6916 & NCMA SRWU-2 Test Facility: Bathurst, Clarabut Geotechnical Testing, Inc.
Block Type: 28" Positive Connection (PC) Block TestDates: 10/21/2011 - 6.75" Shear Knob Test
10/14/2011 - 10" Shear Knob Test
6.75" KNOB INTERFACE SHEAR DATA™ 6.75" KNOB INTERFACE SHEAR CAPACITY
Test | Normal |Service Stats| Peak Observed 12,000 h "
No. | Load, Ib/t | Shear, Ib/t™ | Shear, Ib/it| Failure —
1 522 838 1,724 | Test Stopped 10,000
2 | 19209 11,324 11,324 | Test Stopped B G
3 | 16303 11,252 11,252 | Test Stapped &, L Peaksnearis,)y ||
4 | 13612 | 11,086 | 11,036 |TestStopped] & g000
5 | 11075 10,462 10,462 | Test Stopped 8
6 11,074 11,060 11,252 | Knob Shear g 4,000
7 8,299 10,408 11,204 |TestStopped| & State Shear (S,) |
8 5,854 8337 9,935 | Knob Shear 2,000
9 3,077 5722 6,153 Knab Shear 5
10 10.981 10,821 11,252 | Knob Shaar 0 4000 8000 12.000 16,000 20,000
Peak Shear: S =1,178 + N1an 54°, Syma, = 10,970 Ib/ft® T
Service State Shear: Sg. = 616 + N tan 52°, Sggimay = 10,970 Ib/ft™
10" KNOB INTERFACE SHEAR DATA™ 10" KNOB INTERFACE SHEAR CAPACITY
Test Normal |Service State| Peak Observed 12.000
No. | Load, bt | Shear, 16| Shear, Ibsit]  Failure® T‘ - o
1 19,619 11,300 11,300 |Test Stopped 10,000 o LA
2 16,007 11,300 11,300 |Test Stopped 5 7\
3 | 13596 | 11371 11,371 |Tesi Stopped| 5 2000 ,’ peak shear (5,) |
4 11,042 11,371 11,371 | Test Stopped % 5000 ’
5 8.400 11,204 11,204 | Test Stopped g T \
6 10,999 11,252 11,252 | Test Stopped 5 4000 _;.'
7 10.922 11,252 11,252 | Test Stopped @ \__l Senvice State Shear (5,) |
8 5,786 10,414 11,156 | Test Stopped 2.000
9 3.137 7.469 10174 | Test Stopped
10 522 3926 6,033 |Test Stopped 0

0 4,000 8,000 12,000 16,000 20,000

Poak Shear: S =6,061 + N tan 44°, Sy g = 11,276 Ib/ft e S

Service State Shear: S__ = 3,390 + N tan 51°, Sw[mui =11,276 Ih/it

{a) The maximum 28-day compressive strength of all concrete blocks tested in the 8.75 inch knob interface shear test series was 4,654 psi.

(b} The 28-day compressive strength of all concrete blocks tested in the 10 inch knob interface shear test series was 4,474 psi.

{c) Service State Shear is measured at a horizontal displacement equal to 2% of the block height. For Redi-Rock blocks, displacement = 0.36 inches.

(d) Inmost cases, the test was stopped before block rupture or knob shear occured to prevent damage to the test apparatus.

(2) Design shear capacity inferred from the test data reported herein should be lowerad when test failure results from block rupture or knob shear if the
compressive strength of the blocks used in design is less than the blocks used in this test, The data reported represents the actual laboratory test results,
The equations for peak and service slate shear conditions have been modified to reflect the interface shear parformance of concrate with a minimum 28-day
compressive strength equal to 4,000 psi. Mo further adjustments have been made. Appropriate factors of safety for design should be added.

The infarmation contained in this repont has bean compiled by Redi-Rock International, LLC as a recommendation of peak intarface shear capacity. Itis
accurate to the best of our knowledge as of the date of ils issue. However. final determination of the suitability of any design information and the
appropriatensss of this data for a given design purpose is the sole responsibility of the user. No warranty of performance is expressed or implied by the
publishing of the foregoing laboratory test results. Issue date: February 21, 2012,
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Redi-Rock PC block (6 inch dome) Interface Shear Project # 211019
Series # BCGT3106

REPORT
RESULTS OF
REDI-ROCK 28 INCH PC BLOCK UNIT
(6 INCH DOME)
INTERFACE SHEAR CAPACITY TESTING

submitted to
REDI-ROCK INTERNATIONAL
CONFIDENTIATL

Distribution:
2 copies Redi-Rock International LLC.
05481 US 31 South
Charlevoix, Michigan 49720
USA

2 copies  Bathurst, Clarabut Geotechnical ‘lesting, Inc.
1167 Clyde Court, Kingston, Ontario
K7P 2E4 CANADA
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Clarabut Geotechnical Testing. Inc.
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Redi-Rock PC block (6 inch dome) Interface Shear Project # 211019
Series # BCGT31086

Introduction

This report gives the results of an interface shear testing program carried out to evaluate
the mechanical/frictional performance of the shear capacity between Redi-Rock™ 28 inch PC
modular concrete block units.

The test program was initiated in response (o averbal authorization to proceed from Mr.
Jamie Johnson of Redi-Rock International. LL.C received 9 August 2011,

The tests were carried out at the laboratories of Bathurst, Clarabut Geotechnical Testing,
Inc. in Kingston, Ontario, under the supervision of Mr. Peter Clarabut.

Objectives of test program

The interface shear capacity between Redi-Rock 28 inch PC block units (6 inch dome) was
investigated using a large-scale test apparatus.

The principal objective of the testing was to evaluate the mechanical/frictional perfor-
mance of the shear capacity between successive layers of Redi-Rock block units. A second ob-
jective was to make recommendations for the selection of interface shear capacities tobe used
in the design and analysis of retaining wall systems that employ Redi-Rock block units.

Materials

Redi-Rock 28 inch PC Middle Block units are solid concrete blocks weighing approximate-
ly 15401b per unit (estimated weight based on volume of concrete and assuming a concrete unit
weight of 143 Ib/ft¥). The nominal dimensions of the block are 28 inches (1oe to heel) by 18
inches high by 46 inches long. Construction alignment and interface shear is achieved by
means of two 6.75 inch (6 inch) diameter dome shaped concrete shear keys cast into the top
surface of the units. A photograph of the dome shaped shear key is shown in Figure 1. A
photograph of the block system in the large scale test frame is shown in Figure 2 The blocks
used in this series of tests were supplied by Redi-Rock International and were received at our
laboratory on 9 August 2011. The specific blocks used in each test are reported on Table 1.

Apparatus and general test procedure

The SRWU-2 method of test as reported in the NCMA Segmental Retaining Wall Design
Manual (1993) and ASTM D 6916-03 were used in this investigation. A brief description of the
apparatus and test methodology is presented here. The test apparatus allows horizontal loads
in excess of 12.000 Ib/ft to be applied across the interface between two block layers. The seg-
mental units were laterally restrained at the bottom and surcharged vertically. Wall heights
were simulated by placing a single block over the interface and applying additional normal
load using the hydraulic ram arrangement shown in Figure 1. The horizontal (shear) force was
applied at a constant rate of displacement using a computer-controlled hydraulic actuator.
The load and displacements measured by the actuator and displacement transducers were re-

Bathurst, Clarabut Geotechnical Testing, Inc. 21 October 2011
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Redi-Rock PC block (6 inch dome) Interface Shear Project # 211019
Series # BCGT31086

corded continuously during the test by a microcomputer/data acquisition system. Each test
was continued until the safe working limit of the apparatus was reached or block dialation/
rotation occured. Followingeach test, the blocks were removed and the units examined to con-
firm failure modes (if any).

The only variable in this series of connection tests was the magnitude of surcharge load.
Test results

Results of interface shear tests are summarized in Table 1. Peak interface shear capacities
and shear capacity at the displacement criterion (if achieved) are plotted against normal load
in Figure 4. The displacement criterion was calculated to be 0.36 inches based on 2% of the
block height. The minimum peak shear capacity recorded from the test series was 6153 Ib/ft.
Test 1 was stopped after significant block dilation and some column rotation was observed.
Tests 2, 3, 4, 5 and 7 were stopped before failure of the blocks oceurred in order to prevent
damage tothe test apparatus. Tests 6,8,9 and 10ended in shearing of the concrete shear dome.
InTests 2.3,4 and 5 measured peak shear capacity was achieved before 0.36 inches of displace-
ment.

Implications to interface shear capacity design and construction with Redi-Rock 28 inch PC
block units

The maximum shear capacity values for Tests 2, 3,4, 5 and 7 reported herein are conserva-
tive estimates of the peak shear capacity of the Redi-Rock block system because the safe work-
ing capacity of the test apparatuswas exceeded. Hence, the use of the maximuin shear capacity
values reported herein will result in an unquantified additional margin of safety for the nomi-
nal identical system in the field. The NCMA Segmental Retaining Wall Design Manual (First
Edition, 1993) recommends that the design shear capacity at a given normal load for a critical
wall structure be the lesser of: a) the peak capacity divided by a minimum factor of safety (not
less than 1.5) or: b) the capacity based on the 0.36 inch displacement criterion. Nevertheless,
the design shear capacity envelope inferred from the test data reported herein should be used
with caution. The actual design capacity envelope should be lowerifthe quality of construction
in the field is less than that adopted in this controlled laboratory investigation and/or lower
quality concrete is used in the manufacture of the blocks. In addition, the interface concrete
surfaces should be free of aggregate particles in order Lo maximize the frictional resistance that
is developed between the concrete surfaces.

Summary of conclusions

A laboratory testing program was carried out to evaluate the mechanical frictional perfor-
manee of the shear capacity between Redi-Rock 28 inch PC block segmental concrete units.
The following conclusions can be drawn:

1. The minimum peak shear capacity recorded from this test series was 6153 Ib/ft (height
above interface equal to approximately 1 block unit).

Bathurst, Clarabut Geotechnical Testing, Inc. 21 October 2011
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Redi-Rock PC block (6 inch dome) Interface Shear Project # 211019
Series # BCGT31086

2. Care must be taken during the installation of Redi-Rock block units in order to prevent
accumulation of soil and rock debris at the concrete block interface surfaces. This debris
may significantly reduce the shear capacity of the Redi-Rock block facing unit system.

3. The actual peak shear capacityof the Redi— Rock 28 inch PCblock system maybe expected
to be greater than the values reported herein since the safe working capacity of the test ap-
paratus was exceeded before shear failure of the blocks could be achieved.

Concluding remarks

The test results presented here are applicable to gravity and geosynthetic reinforced-soil
segmental retaining wall designs that employ Redi-Rock 28 inch (6 inch dome) PC block units.
However, the inclusion of a layer of geosynthetic reinforcement between courses may reduce
the interface shear capacity to values less than those reported in this investigation,

Bathurst, Clarabut Geotechnical Testing, Inc. 21 October 2011
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Redi-Rock PC block (6 inch dome) Interface Shear Project # 211019
Series # BCGT3108

Table 1:

Test program:
Interface shear capacity of Redi-Rock 28 inch PC segmental
concrete block units

Test normal load shear peak shear block reference
number (Ib/ft) strength at capacity
0.36 inches (1b/ft)
displacement
(Ib/ft)
1 522 838 1724 RR061611-10 over RR0O61611-6
2 19209 11324 11324 RR062411-10 over RR062411-6
3 16303 11252 11252 RR062411-10 over RR062411-6
4 13612 11036 11036 RR062411-10 over RR062411-6
2 11075 10462 10462 RRO61611-10 over RR062411-6
6 11074 11060 11252 RRO61411-10 over RR062411-6
7 8299 10408 11204 RR0O61411-10 over RR061411-6
8 5854 8337 9935 RR0O61411-10 over RR061411-6
9 3077 5722 6153 RR0O62211-10 over RR062211-6
10 10981 10821 11252 RR062111-10 over RR0O62111-6
%/
P. Clarabut
REFERENCE

ASTM D 6916-03. Standard Test Method for Determining Shear Strength between Segmental
Concrete Units (Modular Concrete Blocks), American Society for Testing and Materials, West
Conshohocken, PA 19428-2058 USA.

Simac, M.R., Bathurst, R.J,, Berg, R.R. and Lothspeich, 5.E., 1993. NCMA Segmental Retain-
ing Wall Design Manual (First Edition), National Concrete Masonry Association, 2302 Horse
Pen Road, Herndon, VA 22071-3406
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Redi-Rock PC block (6 inch dome) Interface Shear Project # 211018
Series # BCGT3108

Figure 1: Photograph of the Redi-Rock blocks in the shear test
frame

Fig ure 2. Photograph of the Redi-Rock blocks in the shear test

frame
Bathurst, Clarabut Geotechnical Testing, Inc. 21 October 2011
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Redi-Rock PC block (6 inch dome) Interface Shear

Project # 211019

Series # BCGT3108

1 Redi-Rock block 5] actuator support 11 reaction beam
2  load cell 4 LvDT 12 computer controlled
3 loading platen 8 2 actuators hydraulic actuater
4  piston 9  loading frame
5 lateral restraining system 10 spacers
—
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Figure 3: Schematic of large scale shear test apparatus showing
Redi-Rock 28 inch PC block units
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Redi-Rock PC block (6 inch dome) Interface Shear Project # 211019

Series # BCGT3108

Redi-Rock block interface shear
e peak A capacity @ 0.36 inches

12000
]
S A
L
10000
peak capacity

= Vy1 = 1093 + N tan 57°
o) Ve = 11112
9 8000
Foy
[
©
o
T 6000
% shear capacity @ 0.36 inches
% displacement (based on

Tests 4, 7, 8 and 9)
V’y = 1000 + N tan 50°

4000+

2000

note: peak shear capacity was achieved
A before 0.36 inches of displacement in
Tests 2, 3,4and 5

0 5000 10000 15000 20000
N, normal load (Ib/ft)

Figure 4: Summary of interface shear capacities for
Redi-Rock 28 inch PC block units
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Redi-Rock PC block (10 inch dome) Interface Shear ~ Project # 211020
Series # BCGT3107
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RESULTS OF
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(10 INCH DOME)
INTERFACE SHEAR CAPACITY TESTING
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Redi-Rock PC block (10 inch dome) Interface Shear  Project # 211020
Series # BCGT3107

Introduction

This report gives the results of an interface shear testing program carried out to evaluate
the mechanical/frictional performance of the shear capacity between Redi-Rock™ 28 inch PC
modular concrete block units.

The test program was initiated in response (o averbal authorization to proceed from Mr.
Jamie Johnson of Redi-Rock International. LL.C received 9 August 2011,

The tests were carried out at the laboratories of Bathurst, Clarabut Geotechnical Testing,
Inc. in Kingston, Ontario, under the supervision of Mr. Peter Clarabut.

Objectives of test program

The interface shear capacity between Redi-Rock 28 inch PC block units (10inch dome) was
investigated using a large-scale test apparatus.

The principal objective of the testing was to evaluate the mechanical/frictional perfor-
mance of the shear capacity between successive layers of Redi-Rock block units. A second ob-
jective was to make recommendations for the selection of interface shear capacities tobe used
in the design and analysis of retaining wall systems that employ Redi-Rock block units.

Materials

Redi-Rock 28 inch PC Middle Block units are solid concrete blocks weighing approximate-
ly 15401b per unit (estimated weight based on volume of concrete and assuming a concrete unit
weight of 143 Ib/ft¥). The nominal dimensions of the block are 28 inches (1oe to heel) by 18
inches high by 46 inches long. Construction alignment and interface shear is achieved by
means of two 10 inch diameter dome shaped concrete shear keys cast into the top surface of
the units. A photograph of the dome shaped shear key is shown in Figure 1. A photograph
of the block system in the large scale test frame is shown in Figure 2 The blocks used in this
series of tests were supplied by Redi-Rock International (Redi-Rock concrete batch
#RRO062211) and were received at our laboratory on 9 August 2011 and designated as
BIC-11-023 and BIC-11-024. The tested compressive strength of the concrete from batch
#RRO62211 was 4474 psi (as reported by Redi-Rock International).

Apparatus and general test procedure

The SRWU-2 method of test as reported in the NCMA Segmental Retaining Wall Design
Manual (1993) and ASTM D 6916-03 were used in this investigation. A brief description of the
apparatus and test methodology is presented here, The test apparatus allows horizontal loads
in excess of 12,000 Ib/ft to be applied across the interface between two block layers, The seg-
mental units were laterally restrained at the botiom and surcharged vertically. Wall heights
were simulated by placing a single block over the interface and applying additional normal
load using the hydraulic ram arrangement shown in Figure 1. The horizontal (shear) force was

Bathurst, Clarabut Geotechnical Testing, Inc. 14 October 2011
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Redi-Rock PC block (10 inch dome) Interface Shear ~ Project # 211020
Series # BCGT3107

applied at a constant rate of displacement using a computer-controlled hydraulic actuator.
The load and displacements measured by the actuator and displacement transducers were re-
corded continuously during the test by a microcomputer/data acquisition system. Each test
was continued until the safe working limit of the apparatus was reached or block dialation/
rotation occured. Followingeach test, the blocks were removed and the units examined to con-
firm failure modes (if any).

The only variable in this series of connection tests was the magnitude of surcharge load.
Test results

Results of interface shear tests are summarized in Table 1. Peak interface shear capacities
and shear capacity at the displacement criterion (0.36 inches) are plotted against normal load
in Figure 4. The displacement criterion was calculated to be (.36 inches based on 2% of the
block height. The minimum peak shear capacity recorded from the test series was 6033 Ib/ft.
Tests 1-8 were stopped before failure of the blocks occurred in order to prevent damage to the
test apparatus. Tests 9 and 10 were stopped after significant block dilation and some column
rotation was observed. In Tests 1-7 measured peak shear capacity was achieved before 0.36
inches of displacement.

Implications to interface shear capacitly design and construction with Redi-Rock 28 inch PC
block units

The maximum shear capacity values for Tests 1-8 reported herein are conservative esti-
mates of the peak shear capacity of the Redi-Rock block system because the safe working ca-
pacity of the test apparatus was exceeded. Hence, the use of the maximum shear capacityval-
ues reported herein will result in an unquantified additional margin of safety for the nominal
identicalsystem in the field. The NCMA Segmental Retaining Wall Design Manual (First Edi-
tion, 1993) recommends that the design shear capacity at a given normal load for a critical wall
structure be the lesser of: a) the peak capacity divided by a minimum factor of safety (not less
than 1.5) or; b) the capacity based on the 0.36 inch displacement criterion. Nevertheless, the
design shear capacity envelope inferred from the test datareported herein should be used with
caution. The actual design capacity envelope should be lower if the quality of construction in
the field is less than that adopted in this controlled laboratory investigation and/or lower quali-
ty concrete is used in the manufacture of the blocks. In addition, the interface conerete sur-
faces should be free of aggregate particles in order to maximize the frictional resistance that is
developed between the concrete surfaces.

Summary of conclusions

A laboratory testing program was carried out to evaluate the mechanical/frictional perfor-
mance of the shear capacity between Redi-Rock 28 inch PC block segmental concrete units.
The following conclusions can be drawn:

1. The minimum peak shear capacity recorded from this test series was 6033 Ib/ft (height
above interface equal to 1 block unit).
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Redi-Rock PC block (10 inch dome) Interface Shear  Project # 211020
Series # BCGT3107

2. The average maximum shear capacity recorded from this test series was 11,276 Ib/ft (Tests
1-8).

3. Care must be taken during the installation of Redi-Rock block units in order to prevent
accumulation of soil and rock debris at the concrete block interface surfaces. This debris
may significantly reduce the shear capacity of the Redi-Rock block facing unit system.

4. The actual peak shear capacity of the Redi—Rock 28 inch PC block system may be expected
to be greater than the values reported herein since the safe working capacity of the test ap-
paratus was exceeded before shear failure of the blocks could be achieved.

Concluding remarks

The test results presented here are applicable to gravity and geosynthetic reinforced-soil
segmental retaining wall designs that employ Redi-Rock 28 inch PC block units. However, the
inclusion of a layer of geosynthetic reinforcement between courses may reduce the interface
shear capacity (o values less than those reported in this investigation.
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Redi-Rock PC block (10 inch dome) Interface Shear  Project # 211020

Series # BCGT3107
Table 1:

Test program:
Interface shear capacity of Redi-Rock 28 inch PC segmental
concrete block units

Test normal load shear strength at peak shear capacity
number (Ib/ft) 0.36 inches (Ib/ft)
displacement
(1b/tt)
1 19619 11300 11300
2 16007 11300 11300
3 13546 11371 11371
4 11042 11371 11371
5 8400 11204 11204
6 10999 11252 11252
7 10922 11252 11252
8 5786 10414 11156
9 3137 7469 10174
10 522 3926 6033
%/
P. Clarabut
REFERENCE

ASTM D 6916-03. Standard Test Method for Determining Shear Strength between Segmental
Concrete Units {Modular Concrete Blocks), American Society for Testing and Materials, West
Conshohocken, PA 19428-2958 USA.

Simac, M.R., Bathurst, R.J,, Berg, R.R. and Lothspeich, 5.E., 1993. NCMA Segmental Retain-
ing Wall Design Manual (First Edition), National Concrete Masonry Association, 2302 Horse
Pen Road, Herndon, VA 22071-3406
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Redi-Rock PC block (10 inch dome) Interface Shear Project # 211020
Series # BCGT3107

Figure 1: Photograph of the Redi-Rock blocks in the shear test
frame

Fig ure 2. Photograph of the Redi-Rock blocks in the shear test

frame
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Redi-Rock PC block (10 inch dome) Interface Shear

Project # 211020

Series # BCGT3107

1 Redi-Rock block 5] actuator support 11 reaction beam
2  load cell 4 LvDT 12 computer controlled
3 loading platen 8 2 actuators hydraulic actuater
4  piston 9  loading frame
5 lateral restraining system 10 spacers
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Figure 3: Schematic of large scale shear test apparatus showing

Redi-Rock 28 inch PC block units
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Redi-Rock PC block (10 inch dome) Interface Shear  Project # 211020

Series # BCGT3107

Redi-Rock block interface shear
e peak A capacity @ 0.36 inches
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Figure 4: Summary of interface shear capacities for
Redi-Rock 28 inch PC block units
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XL BLOCK
INTERFACE SHEAR

REDFROCK DESIGN PARAMETERS

Block Type: R-5236 52" Hollow Core Retaining Block Test Methods: ASTM DE916 & NCMA SRWU-2
INTERFAGCE SHEAR DATA®
Tested By: TRI Environmental | Dec. 10-21, 2017 Tested By: Redi-Rock International | Mar. 14-23, 2018
Test MNormal Peak Observed Test Mormal Peak Observed
No. Load, Ibift | Shear, Ibift Failure™ Mo Load, Ibift | Shear, Ibfft Failure™
1 872 3,812 Test stopped - uplift 1 7,759 15,635 Test stopped - back cracked
2 5,026 11,503 |Kknobfface shear 2 7,840 1 5,843 Test stopped - back cracked
3 872 3,333 Test stopped - uplift 3 7,761 13,859 Knob/face shear
4 16,562 16,962 |Test stopped - capacity 4 16,617 17,070 |Test stopped - back cracked
5 2,062 6,970 |Test stopped - uplift 5 12,588 17,305 |Knobfface shear
6 3,539 9,857  |Test stopped - uplit 6 842 6,643 |Knobiface shear
7 7,7 73 1 ,21 0 |knob#ace shear 7 858 6,708 Knob/face shear
8 ?‘?65 1 0,601 Test stopped - back cracked 8 2,324 9, 102 Test stopped - back cracked
9 7,656 12,405 |Test stopped - back cracked 9 3,609 11,747 |Test stopped - back cracked
10 6,541 12,112  |Test stopped - uplift 10 5,060 10,943 |Test stopped - back cracked
1 12,496 13,962 |Test stopped - back cracked 11 6612 12,978 |Test stopped - back cracked
INTERFACE SHEAR CAPACITY
18,000 1
” L
16,000 J
& 14,000
£ 12,000 ® 3 o1
% 10,000 % t w
g . ¢ 7~ \
& 8000 o {5, =8488 + Ntan 22°  |——
§ 65,000 } I
D 4000 Ty S,,= 4547 + Ntan 4d |
2,000
0
0 4,000 8,000 12,000 16,000 20,000
Narmal Load, Ibfft
Peak Shear Envelope:'? Inflection Points:
Sy = 4547 + N tan 44° (N < 7,017 Ibift) N, = 0 Ib/ft S, = 4547 Ibift
Sy = 8488 + N tan 22° (7017 Ib/ft < N < 16,118 Ib/ft) N, = 7017 Ibift $,=11,323 Ib/ft
Spmaxy = 15,000 Ibift (N 2 16,118 Ib/ft) N5 = 16,118 Ibift S5= 15,000 Ib/ft

(&) The average compressive strength of concrele blocks as-lested was 2,350 psi.

{b) In many cases, the test was stopped before peak shear load occured because of significant uplift of upper block, damage to the back of upper block
where horizontal load was applied, or maximum capacity of test apparatus was reached.

{c} Design shear capacity inferred from the test data reported herein should be lowered when test failure results from block rupture or knob shear if the
compressive strength of the blocks used in design is less than the blocks used in this test. The data reported represents the actual laboratory test results.
The equations for peak shear conditions have been medified to reflect the interface shear performance of concrete with a minimum 28-day compressive
strength equal to 4,000 psi. Mo further adjusiments have been made. Appropriate factors of safety for design should be added.

The information contained in this report has been compiled by Redi-Rock International, LLC as a recommendation of peak interface shear capacity. It is
accurate to the best of our knowledge as of the date of its issue. However, final determination of the suitability of any design information and the
appropriateness of this data for a given design purpose is the sole responsibility of the user, No warranty of performance is expressed or implied by the
publishing of the foregoing laboratory test results. Issue date: May 23, 2018,
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Shear Test Report (TRI Log # 28156)
Redi-Rock 52" XL Hollow Core Retaining Blocks

Introduction

This report gives the results of a block shear testing program carried out to evaluate the
mechanical/frictional performance of the shear capacity between Redi-Rock 52" XL Hellow
Core Retaimng Blocks (Redi-Rock 52" XL Blocks). The test program was mmtiated mn response
to an email authorization to proceed from Mr. Matt Walz of Redi-Rock intemnational on
November 28, 2017, The tests were carried out at the laboratories of TRI Environmental, Ing. n
Austin Texas.

Objective of the Testing Program

The mterface shear capacity between Redi-Rock 52" XL Blocks placed m a staggered
joint (running bond) configuration was investigated using a very large-scale test apparatus. The
principal objective of the testing was to evaluate the mechanical/frictional performance of the
shear between successive layers of Redi-Rock 52" X[, Block umits,

Materials

Redi-Rock 52" XL Block nits are hollow concrete blocks weighing approximately 3300
Ibs per unit (weight/unit provided by Redi-Rock intemational). The nominal dimensions of the
block are 46.6 inches wide (toe to heel) by 36 inches high by 46.1 inches long, Construction
alignment and wall batter is achieved by means of concrete knobs on the top surface of the
blocks with a corresponding channel along the bottom of each block. The installation
arrangement 1s lustrated in Figure 1. A photograph of the Redi-Rock 52" XL Block umts used
in this series of tests 13 shown in Figure 2. A photograph of the block system i the connection
frame 1s shown in Figure 3. The blecks used in this series of tests were supplied by Redi-Rock
mnternational and received at our laboratory in Austin Texas, on 30 November 2017, These block
units were manufactured by MDC Contracting between the dates of 3rd and 14th of November,
2017. Concrete compression strengths for each block were determined by Redi-Rock
international. No infill materials were utilized in this testing program.

Test Procedure

The SRWU-2 method of test as reported in the NCMA Segmental Retaining Wall Design
Manual (1593) and ASTM D6916 was used in this mnvestigation. A brief description of the
apparatus and test methodology is presented here. The apparatus used to perform the tests i3
illustrated in Figure 1. The test apparatus allows horizontal loads of up to 289 kI (force) {65,000
Ibf) to be applied across the interface between two block layers. The segmental units were
laterally restrained at the bottom and surcharged vertically. A single block was placed over one
centrally located running bond (joint) formed by the two underlying units to simulate the
staggered construction procedure typically used m the field Wall heights were simulated by
placing a single block over the mterface and applying additional normal load using a manually
controlled hydraulic pump. The horizontal (shear) force was applied at a constant rate of
displacement (i.e. 5 mm/mimite) using a computer-controlled hydraulic actuator. The load and
displacements measured by the actuator and displacement transducers were recorded

2of7
May 15,2018
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Shear Test Report (TRI Log # 28156)
Redi-Rock 52" XL Hollow Core Retaining Blocks

continuously during the test by a microcomputer/data acquisition system. FEach test was
confinued until large shear displacements were achieved, block owverturning/rotation was
observed, or cracking of the blocks was observed. Following each test, the blocks were removed
and the units examined to confirm failure modes.

Test results for shear testing with Redi-Rock 52" XL Block units

The principal variable in this series of interface shear tests was the magnitude of
surcharge {ie. the magnitude of normal load applied to the top segmental unit). Results of
interface shear tests are summarized in Table 1. The maximum measured interface shear loads
are plotted against normal load and a summary of observations for each test are given in Figure
4. A plot of shear load versus displacement 1s shown m Figure 5.

Closing

We appreciate the opportunity to work with you on this project and look forward to providing
additional services in the future.

Teffrey A. Kuhn, PhD., PE. Mike Dominge
Division Director Senior Technician
Geotechnical and Tnteraction Laboratories  Tnteraction Laboratory

REFERENCES

ASTM D 6916-03. Standard Test Method for Determimng Shear Strength between Segmental
Concrete Units (Modular Conerete Blocks), American Society for Testing and Materials, West
Conshohocken, PA 19428-2958 TUSA.

Bathurst, R.J. and Simac, MR, 1993. Laboratory Testing of Modular Unit / Geogrid Facing
Comnections, ASTM Symposium on Geosynthetic Soil Remforcement Testing Procedures, San
Antonio, 19 Jamary 1993,

Simac, M.R., Bathurst, R.J., Berg, R R. and Lothspeich, 8.E., 1993, NCMA Segmental Retaming
Wall Design Mamal (First Edition), National Conerete Masonry Association, 2302 Horse Pen
Road, Herndon, VA 22071-3406.

Jof7
May 15,2018

120



APPENDIX: 1.1.10 UNIT-UNIT INTERFACE SHEAR TEST REPORTS

Shear Test Report (TRI Log # 28156)
Redi-Rock 52" X1. Hollow Core Retaining Blocks

1 Block unit 6  actuator support 11 reaction beam
2 Geogrid (optional) 7 potentiometer 12 computer controlled
3 loading platen 8  surcharge actuators hydraulic actuator
4 steel piston 9 loading frame 13 ridgid platform base
5 lateral restraining system 10 spacers
9
4
\ 11t
\\
[ 12 |
[ m [ 1
I 14 ft "

Figure 1: Schematic diagram of the shear test apparatus.
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Shear Test Report (TRI Log # 28156)
Redi-Rock 52" XI. Hollow Core Retaining Blocks

Figure 3: Photograph of the Redi-Rock 32" XL Block units in the test frame.
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Shear Test Report (TRI Log # 28156)
Redi-Rock 52" XL Hollow Core Retaining Blocks

Peak Shear Load vs Normal Load
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Figure 4: Summary of shear capacities for Redi-Rock 52" YT Block units
Table 1: Data Summary for Redi Redi-Roclk 52" XL Block units
Peak
Test | Normal | Shear Observations
Lead Load
(Ib/t) | {Ib/ft)
1 872 3812 | stopped test after uplift of top block
2 5026 11503 | broke upper left area of botiom right block
3 872 3383 | stopped test after uplift of top block
4 16562 | 16962 | stopped test after reaching over 65000 Iks of horizontal load
5 2062 6970 | stopped test after uplift of top block
6 3539 985F | stopped test after uplift of top blodk, slight cracked formed at the back of the top Blodk
7 7773 11210 | cracked knob of bottom right block
8 7765 10601 | beck bottom of top block cracked
9 7656 12405 | beck bottom of top block cracked
o 6541 12112 | block uplift
11 12496 | 13962 | back bottom of top block cracked
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Shear Test Report (TRI Log # 28156)
Redi-Rock 52" XL Hollow Core Retaining Blocks

Shear Load vs Displacement
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Figure 5: Summary plot of shear load versus displacement.
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Test Report

Results from:
Block-to-Block Interface Shear Testing of
Redi-Rock 52" XL Hollow Core Retaining Block
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Introduction and Objectives:

The purpose of this testing program was to evaluate the interface shear capacity of the
Redi-Rock Hollow Core Retaining Block System. This block system consists of three sizes of
concrete blocks that, when stacked and filled with stone, create an integral earth retaining
structure. The test program was undertaken with the following objectives:

e Evaluate the interface shear capacity of a wall up to approximately 30’ tall.

¢ Determine the typical structural failure modes of the Hollow Core Block.

¢ Validate the testing protocol and verify the repeatability of testing results.

Tests were carried out in the high-capacity structural testing frame of Redi-Rock International.
Tests were completed between the dates of March 14th and March 23rd, 2018.

Materials:

Redi-Rock Hollow Core Retaining Blocks are cast from high-quality, wet-cast concrete with a
minimum specified 28-day compressive strength of 4,000 psi. For additional strength, the blocks
contain an integral rebar cage. Blocks are interconnected by two dome-shaped shear knobs
protruding from the top of the block that interlock with a groove cast in the bottom of the block.

In order to provide the most conservative estimates of interface shear, the smallest of the
blocks, the Redi-Rock 52" XL Hollow Core Retaining Block (Figure 1), was chosen for the tests.
In addition, stone infill was not used in the cores for these tests.

Figure 1: Photo of Typical Redi-Rock 52" XL Hollow Core Retaining Block

Test blocks were cast between the dates of December 1st and December 20th, 2017. They
were cured for a minimum of 28 days before testing and had an average 28-day compressive
strength of 5,200 psi. Individual blocks were weighed and actual block weights were used in the
calculation of the normal load. Average block weight was 3,250 Ibs.
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Testing Frame and Systems:

All tests were completed in a high-capacity structural testing frame (Figure 2) located at the
facilities of Redi-Rock International. This testing frame consists of a reconfigurable, steel
reaction frame mounted to a 40" thick solid concrete “strong floor” with the capacity to test up to
several hundred thousand pounds in any direction.

Figure 2: Photo of Redi-Rock 52" XL Hollow Core Retaining Block in Test Frame

Testing forces are induced by a precision hydraulic actuator system. This system is capable of
providing up to 12" of movement and a maximum of 150,000 pound force simultaneously in two
directions. This is acheived by two separate hydraulic pump systems which allow for precise
control of both horizontal and vertical loading. The hydraulic system is controlled by
high-precision directional flow control, needle, and pressure relief valves.

Forces, pressures, and displacements are recorded with electronic sensing devices. Forces
were measured with load cells mounted to the ends of the hydraulic cylinders and pushing
directly on the block. Forces can be also verified with electronic pressure gauges installed in the
hydraulic systems. Displacements were measured with two linear potentiometers with a 2"
stroke length capacity. In addition, position of the horizontal hydraulic cylinder is know due to an
integral LVDT sensor mounted inside the cylinder.

All measurements were recorded with a National Instruments cDAQ, data acquisition module
and Labview data acquisition software. Data was recorded a minimum of one datum per sensor
per second.
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Test Procedure:

Interface shear capacity testing was completed in general accordance with ASTM D6216
'Standard Test Method for Determining the Shear Strength Between Segmental Concrete Units
(Modular Concrete Blocks)". In this test method one block is set on top of two blocks in a
staggered, running bond pattern. Base blocks are firmly fixed and a normal lead is applied
vertically to simulate varied height walls. The upper block is then pushed herizontally to failure
to determine the peak interface shear capacity between the block units. Several tests are run at
different normal loads until there is excessive deflection or visible cracking seen in the test
blocks. See Figure 3 for a schematic drawing of the test frame set-up.

HYDRAULIC ACTUATOR I/ REACTION BEAM

LOAD CELL—_[ ' | —NORMAL LOAD
e
T \“E SHEAR LOAD
52" XL HOLLOW '
COREBLOCK | LOAD CELL
-\\\‘ l_J
LVDT—\ HYDRAULIC ACTUATOR
TEST FRAHE\\ | <:
2 =

T

%

=N

REACTION BEAM — ~—REACTION BEAM

j |
i

Figure 3: Test Procedure

For this testing program, normal load levels were determined based on a maximum stone-filled
gravity wall height of 30 ft. Testing began with three identical tests simulating a mid-range
height (approx 18" wall) to check repeatability of the testing protocol. Two tests were then
completed above this range to determine the upper end capacity of the wall system. It was
anticipated that most gravity walls with this block system will be designed under 18’ tall, so more
points were chosen in the lower normal load levels. Six tests were completed at these levels,
including two tests with just the weight of the block as normal load.

The only known deviation from the ASTM D6916 test method was in the displacement rate
(velocity) at which the blocks were tested. Tests were manually controlled with an average
displacement rate of 2 mm/min (0.094" per minute) instead of the 5 mm/min (0.197" per minute)
rate specified in the ASTM. This displacement rate was chosen to slow down the test due to
high anticipated loads and unknown failure modes. It was deemed appropriate because of the
intent of the test to mimic static conditions in the field.

Test Results:

40f8
January 10, 2019

128



APPENDIX: 1.1.10 UNIT-UNIT INTERFACE SHEAR TEST REPORTS

REDIFROCK

Upon completion of the tests, the horizontal shear force was plotted versus horizontal
displacement of the upper block (Figure 4). A peak shear force was determined from each of
these graphs and is summarized in Table 1. Peak shear force is plotted versus normal load in
Figure 5. Note that repeated tests, tests 1 through 3, are within the within the general range of
repeatability (within 10% of average) as stated in Section 7.2.8 of ASTM D6916.

Shear Force vs Displacment

4 (1

Shear Force (Ib/ft)

Herizontal Displacement (in)

Figure 4: Horizontal Shear Force versus Horizontal Displacement
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Table 1: Results from interface shear testing

" Peak
Test Shear
Load Motes:
Number {ib/ Load
(1b/Ft)
1 7759 15635 |Stopped test due to cracking in back of top block.
2 7840 15843 |Stopped test due to cracking in back of top block.
3 7761 13859 |Cracked left-hand knob and through face of lower right-hand block.
4 16617 17070 _|Stopped test due to cracking in back of top block.
5 12588 17305 |Cracked knobs on both lower blocks.
(1] 842 6643 |Cracked through face of lower lefi-hand block. Partially cracked left-hand knob of lower right block.
7 858 6708  |Cracked right-hand knob of lower left-hand block.
B 2324 9102 |Completely crushed back of upper block, Did not break knobs.
9 1609 11747 |Stopped test due to cracking in back of top block.
10 5060 10343 |Completely crushed back of upper block.
11 6612 12978 |Stopped test due to cracking in back of top block and large deflections.
Peak Shear Load vs. Normal Load
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Figure 5: Graph of Peak Shear Force versus Normal Load
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Block Failure Modes:

Twao main failure modes were seen at the horizontal shear interface between layers of blocks.
These were cracking directly through the shear knob (Figure 6} or cracking at an angle down
and below the shear knob (Figure 7). In each case, the failure began with localized crushing of
the knob into the groove in the block above. However, no significant damage beyond localized
crushing was noted in the grooves. It is interesting to note that, even at low normal loads,
blocks only slightly uplifted or rotated throughout testing.

Figure 6: Typical Broken Shear Knob Failure

70of8
January 10, 2019

REDKROCK 131




APPENDIX: 1.1.10 UNIT-UNIT INTERFACE SHEAR TEST REPORTS

REDIFROCK

Figure 7: Typical Deep-Seated Shear Knob Failure
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TEST REPORT:

REDI-ROCK 41-INCH SOLID RETAINING BLOCK ON 52-INCH HOLLOW
CORE XL RETAINING BLOCK
BLOCK TO BLOCK INTERFACE SHEAR CAPACITY

Tested By:

Aster Brands

2940 Parkview Drive
Petoskey, Michigan 49770
866-222-8400

September 27, 2021
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1.0 Introduction

This report documents testing to evaluate the block-to-block interface shear capacity between
Redi-Rock 41-inch (1030 mm) solid (R-41M) retaining units and 52-inch (1320 mm) hollow core
XL (R-5236HC) units. The testing was performed by Aster Brands at its testing facility in
Charlevoix, Michigan in May and June 2018. Redi-Rock is an Aster Brands company.

2.0 Purpose

The objective of the test series was to investigate the block-to-block interface shear capacity of
full-size Redi-Rock solid retaining units on hollow-core XL units under varying normal loads
using a large testing frame. Crushed stone core fill material was not included in this testing. No
attempt has been made to quantify the additional interface shear capacity provided by properly
installed core fill.

3.0 Materials

Redi-Rock R-41M blocks are wet-cast concrete, precast modular block (PMB) units with a
nominal width of 40% inches (1,029 mm), length of 46% inches (1172 mm), and height of 18
inches (457 mm). They weigh approximately 1,625 Ibs (7.23 kN) each.

Redi-Rock R-5236HC XL blocks are also wet-cast concrete, precast modular block (PMB) units
with a nominal length of 404 inches (1,029 mm). These XL units have a width of 52 inches
(1320 mm) and a height of 36 inches (914 mm). They weigh approximately 3,330 |bs {14.8 kN)
each.

Block dimensions are shown in Figure 1. The blocks are manufactured from wet-cast, first
purpose, non-reconstituted, structural-grade concrete mixes in accordance with ASTM C94 or
ASTM C685 and have a minimum specified 28-day compressive strength of 4,000 psi (27.6
MPa).
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.
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FACE TEXTURE VARIES — T (T g
Figure 1 - R-41M block Figure 2 - R-5236HC
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Shear engagement between subsequent rows of blocks is achieved by two dome-shaped shear
knobs protruding from the top of each block that interlock with a groove cast in the bottom of
each overlying block. The shear knobs and groove also set the wall batter at a nominal value of
5 degrees (1 5/8 inches (41 mm) per 18-inch (457 mm) course). Blocks are typically stacked in
a staggered, or running bond, configuration.

Blocks used in this series of testing were produced by MDC Contracting, LLC at its Charlevoix,
Michigan facility. Blocks were produced in November 2017 through May 2018 and cured for 37
to 225 days prior to testing. Average compressive strength of the concrete on the day of testing
was 4,639 psi (32.0 MPa) for the 41-inch blocks and 5,147 psi (35.5 MPa) for the XL test blocks,
as determined by ASTM C39 on 4-inch by 8-inch (102 mm by 203 mm) field-cured concrete
cylinder specimens tested on the day the blocks were tested.

4.0 Test Apparatus

All tests were completed in a high-capacity structural testing frame located at the Aster Brand
testing facilities in Charlevoix, Michigan, USA. This testing frame consists of a reconfigurable,
steel reaction frame mounted to a 40-inch (1.0 m) thick solid concrete “strong floor".

Testing forces were induced by a precision hydraulic actuator system. The system is capable of
providing up to 12 inches (300 mm) of movement and a maximum of 150,000 pounds of force
(670 kN) simultaneously in two directions through the use of two separate hydraulic pump
systems. This allows for precise control of both horizontal and vertical loading. The hydraulic
systems are controlled by high-precision directional flow control, needle, and pressure relief
valves.

Forces, pressures, and displacements were recorded with electronic sensing devices. Forces
were measured with load cells mounted to the ends of the hydraulic cylinders and pushing
directly on the block. Forces were verified with electrenic pressure gauges installed in the
hydraulic systems. Displacements were measured with a pair of LVDTs and an integral LDT
sensor mounted inside the horizontal hydraulic cylinder.

All measurements were recorded with a National Instruments ¢DAQ, data acquisition module
and Labview data acquisition software. Data was recorded at a minimum of one datum per
sensor per second.

5.0 Methodology

Interface shear capacity testing was completed in general accordance with ASTM D&916
“Standard Test Method for Determining the Shear Strength Between Segmental Concrete Units
(Modular Concrete Blocks)". In this test method one block is set on top of two blocks in a
staggered, running bond pattern. Base blocks are firmly fixed and a normal load is applied
vertically to simulate varied height walls. The upper block is then pushed horizontally to failure
to determine the peak interface shear capacity between the block units. Tests are run until there
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is excessive deflection, visible cracking seen in the test blocks, or significant reduction in
applied load. Details of the test set-up are shown in Figure 2.
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Figure 2: Schematic test frame set-up

For this testing program, normal load levels were varied from 561 to 16,621 Ibift (8.2 to 243
kN/m) to simulate the performance of block to block interface shear at different vertical locations
in a wall cross-section. These values correspond to approximate wall heights from 1.5 to 40
feet (0.5 to 12 m). Three tests were run at the same normal load near the middle of the range of
loads tested to check repeatability of the testing protocol.

Blocks were initially set such that the shear grooves were not firmly engaged with the shear
knobs on the underlying blocks. Normal load was applied and horizontal load was applied in two
stages: an initial sliding friction stage to measure the coefficient of friction between precast
blocks (without the shear knobs engaged) and the final shear resistance stage with the shear
knbs engaged to obtain the full interface shear capacity.

Blocks were preloaded with an average of approximately 1,000 Ib (4.5 kN) to set the blocks.
Displacement was measured using a pair of LVDTs. The displacement rate (velocity) at which
the blocks were tested was manually controlled with a displacement rate generally around 1.1
mm/min (0.04 in per minute) instead of the 5 mm/min +/~ 1mm/min (0.197 in per minute +/- 0.04"
per min) rate specified in ASTM D8916.

6.0 Results
All tests were taken to block failure. Failure generally involved cracking that started behind the
knob and exited through the block face, as shown in Figure 3.
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£ J:E.é s M #
Figure 3 - Failure through block face
Block displacement plotted against horizontal load is shown in Figure 4. Peak loads were taken

as the maximum measured load during each test and are summarized in Table 1. Peak loads
plotted against normal loads are shown in Figure 5.
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Figure 4 - Horizontal Shear Force versus Horizontal Displacement
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Table 1 - Sliding friction and interface shear results

Test Nermal Load Sliding Peak Shear” | Observed Failure™

Number Friction'”
b/t | (kMNAM) [ It | (kNAm) | bt | (kN/m)
A 581 8.18 416 6.07 | 7,753 | 113.14 | Failure through block face
B 2,333 | 3405 | 1.886 | 27.53 [10.485]| 153.01 | Failure through block face
c 3,664 | 5347 | 2,706 | 39.49 (11,601 | 169.30 | Failure through block face
D 5,066 | 7393 | 3,538 | §51.64 |10,276| 145.97 | Failure through block face
E 6,626 | 96.70 | 4,982 | 7271 (13,450 196.29 | Failure through block face
F 7777 | 11349 | 5698 | 8315 [13,266| 193.63 | Failure through block face
G 7,784 | 113,60 | 6,140 | 89.60 (15,088 220.21 | Failure through block face
H 7.785 | 113.61 - - 15,610| 227.80 | Failure through block face
| 12,697 | 18530 | 9,522 | 13896 |18 211 | 265.77 | Failure through block face
J 16,621 | 242.56 (12,514 | 182,62 |22,634| 330.31 | Failure through block face

{1) Shear knobs not engaged.
(2) Shear knobs engaged.
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Figure 5 - Interface shear strength versus normal load (shear knobs engaged)
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Three tests were run at approximately 7,780 Ib/ft (113.5 kN/m) normal load to check
repeatability of the testing protocol. ASTM D916 uses a value of +10% variation for each test

from the mean of the tests as a measure of repeatability. Maximum variability of the three
repeatability tests was 9 percent.

14,000
_®

12,000 -
__ 10,000
= -0
‘c‘n
£ 8000
L
T 5,000 .-
i -
] o
]

4,000 .

-
- &
1000 p--"
o
[
L 2,000 4,000 6,000 B,000 10,000 12,000 14,000 16,000 13,000

Nomal Load (lb/ft]

Figure 6 -Sliding friction load versus normal load (shear knobs not engaged)

Normal load versus sliding friction load appeared to follow a very linear relationship. Linear

regression trendline resulted in a bestfit line with a slope of 0.75186, which is equivalent to a
friction angle of 36.9°.
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7.0 Closure
This data and conclusions should be used with care. The user should verify that project
conditions are equivalent to laboratory conditions and account for variations.

This test data is accurate to the best of our knowledge. It is the responsibility of the user to
determine suitability for the intended use.

ASTER BRANDS

Hlitl e bl

Matthew A. Walz, P.E. Nils W. Lindwall, P.E.
Testing Manager Chief Engineer
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41" HOLLOW-CORE RETAINING BLOCK

REDFROCK INTERFACE SHEAR DESIGN PARAMETERS

Block Type: R-41HC 41" Hollow-Core Retaining Block Test Methods: ASTM D6916 & NCMA SRWU-2
Tested By: : Aster Brands | Nov. 19-25, 2019

INTERFACE SHEAR DATA™
Test Normal Peak Observed
No. Load Shear Failure
Ibift (KMIm) |t {KNfm}
1 59893 (875 12,620  (184.2) |Failure through face
2 6,039  (88.1) 14,209  (207.4) |Fa:|ure through face
3 472 (6.9) 7,552 (110.2) |Fai|urethroughface
4 2,064  (30.1) 8644  (126.1) |Failure through face
5 3,991 (58.2) 10,715 (156.4) IFaiIurethrough face
6 8019  (117.0) 12,146 (177.3) |Knobs sheared
7 6,000 (878) 10,414 (152.0) |Knobs sheared
8 10,016  (146.2) 15,243 (222.5) |Knobs sheared
9 5998 (87.5) 12,221 {178.3) |Knobs sheared
INTERFACE SHEAR CAPACITY
(kM/m)
0 50 100 130 200 250
18,000 r | 250
16,000 °
i 14,000 - 200
L=
£ 12,000 A
< N ™
g 10,000 Sy = 12,006 It \ T
o (Sppye = 188.3 kN/m) =
S 8000 =
5 | l | 100
@ 6,000 {-
& ™ S, = 5358 + N tan 377 Iofit
4,000 (Syy= 78.2 + N tan 37° kNim) 55
2,000 '
0-—— s e —— - 40
0 4,000 8,000 12,000 16,000 20,000
Mormal Load, Ib/ft
Peak Shear Enveloge:‘b' Inflection Points:
S, = 6368 Ib/ft + N tan 37° < 12,906 Ib/ft N, = 0 Ib/ft (0 kN/m) S, = 5358 Ib/ft {78.2 kN/m)
(S, = 78.2 kN/m + N tan 37° < 188.3 kN/m) N, = 10,016 Ib/ft (146.2 kN/m) S, = 12,906 Ib/ft (188.3 kN/m)

(a) The average compressive strength of concrete blocks as-tested ranged from 2,865 psi (19.8 MPa) to 3,872 psi (26.7 MPa), with an average
of 3,323 psi (22 9 MPa). The data reported represents the actual laboratory test results. Mo statistically-significant correlation between block
strength and interface shear resistance was found.

{b) The equations for peak shear envelope represent the slope of the trend line of the raw data, offset to pass thorugh the lower 95% confidence
limit for the repeatability values, with no increase in shear capacity for normal load values above those tested. Mo further adjustments have been
made. Appropriate factors of safety for design should be added.

The information contained in this report has been compiled by Redi-Rock International, LLC as a recommendation of peak interface shear capacity, ttis
accurate to the best of our knowledge as of the date of its Issue. However, final determination of the suitability of any design information and the
appropriateness of this data for a given design purpose is the sole responsibility of the user. No wamranty of performance is expressed or implied by the
publishing of the foregoing laboratory tesl results.

Issue date; January 7, 2020
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TEST REPORT:

REDI-ROCK 41-INCH HOLLOW-CORE RETAINING BLOCK
BLOCK TO BLOCK INTERFACE SHEAR CAPACITY

Tested By:

Aster Brands

2940 Parkview Drive
Petoskey, Michigan 49770
866-222-8400

June 16, 2020

ASTERBRANDS

REDIFROGK ICOSETTA
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1.0 Introduction

This report documents testing to evaluate the block to block interface shear capacity between
Redi-Rock 41-inch (1030 mm) Hollow-Core (R-41HC) retaining units. The testing was
performed by Aster Brands at its testing facility in Charlevoix, Michigan in November 2019.
Redi-Rock is an Aster Brands company.

2.0 Purpose

The objective of the test series was to investigate the block to block interface shear capacity of
full size Redi-Rock 41-inch (1030 mm) Hollow-Core (R-41HC) retaining units under varying
normal loads using a large testing frame. Crushed stone core fill material was not included in
this testing. No attempt has been made to quantify the additional interface shear capacity
provided by properly installed core fill.

3.0 Materials

Redi-Rock R-41HC blocks are wet-cast concrete, precast modular block (PMB) units with a
nominal width of 40% inches (1,029 mm), length of 46% inches (1172 mm), and height of 18
inches (457 mm). Block dimensions are shown in Figure 1. The blocks are manufactured from
wet-cast, first purpose, non-reconstituted, structural grade concrete mixes in accordance with
ASTM C94 or ASTM C685. They have a minimum specified 28-day compressive strength of
4,000 psi (27.6 MPa) and weigh approximately 1,625 Ibs (7.23 kN).

SHEAR KNOBS @ ,--wf?",-g%
23(584)OC. TYP. —n o~ .18

FACE TEXTURE VARIES — "
Figure 1 - R-41HC block

Shear engagement between subseguent rows of blocks is achieved by two dome-shaped shear
knobs protruding from the top of the block that interlock with a groove cast in the bottom of the
block. The shear knobs and groove also set the wall batter at a nominal value of 5 degrees (1%
inches (41 mm) per course). Blocks are typically stacked in a staggered, or running bond,
configuration.

Blocks used in this series of testing were produced by MDC Contracting, LLC at its Charlevoix,
Michigan facility. Blocks were produced in late September and early October 2019 and cured for
50 to 54 days prior to testing. Average compressive strength of the concrete used to produce
the test blocks was 3,320 psi (22.9 MPa), as determined by ASTM C38 on 4-inch by 8-inch (102
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mm by 203 mm) field-cured concrete cylinder specimens. Because all test blocks had
compressive strength values at the time of testing below the minimum specified 28-day value for
Redi-Rock R-41HC blocks, tested interface shear values were assumed to be lower bound
values and no attempt was made to adjust test results for concrete strength.

4.0 Test Apparatus

All tests were completed in a high-capacity structural testing frame located at the Aster Brand
testing facilities in Charlevoix, Michigan, USA. This testing frame consists of a reconfigurable,
steel reaction frame mounted to a 40" (1.0 m) thick solid concrete “strong floor”.

Testing forces were induced by a precision hydraulic actuator system. The system is capable of
providing up to 12" (300 mm) of movement and a maximum of 150,000 pound force (670 kN)
simultaneously in two directions through the use of two separate hydraulic pump systems. This
allows for precise control of both horizontal and vertical loading. The hydraulic systems are
controlled by high-precision directional flow control, needle, and pressure relief valves.

Forces, pressures, and displacements were recorded with electronic sensing devices. Forces
were measured with load cells mounted to the ends of the hydraulic cylinders and pushing
directly on the block. Forces were verified with electronic pressure gauges installed in the
hydraulic systems. Displacements were measured with a string potentiometer and an integral
LDT sensor mounted inside the herizontal hydraulic cylinder.

All measurements were recorded with a National Instruments cDAQ, data acquisition module
and Labview data acquisition software. Data was recorded a minimum of one datum per sensor
per second.

5.0 Methodology

Interface shear capacity testing was completed in general accordance with ASTM D6916
"Standard Test Method for Determining the Shear Strength Between Segmental Concrete Units
(Modular Concrete Blocks)". In this test method one block is set on top of two blocks in a
staggered, running bond pattern. Base blocks are firmly fixed and a normal load is applied
vertically to simulate varied height walls. The upper block is then pushed horizontally to failure
to determine the peak interface shear capacity between the block units. Tests are run until there
is excessive deflection, visible cracking seen in the test blocks, or significant reduction in
applied load. Details of the test set-up are shown in Figure 2.
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Hydraulic actuator Reaction baam
Load cell
5]
Additional blocks —
increasing normal load B
{ g \}\' Horizontal
(shear) load 1
R-41HC Blocks — q b
{being tested) \ d &
Hydraulic F
[ actuator
Reaction frame —-\‘__‘_\“
Load call L I 5
Side view Front view

Figure 2: Schematic test frame set-up

For this testing program, normal load levels were varied from 472 to 10,016 Ib/ft (8.9 to 148.2
kN/m) to simulate the performance of block to block interface shear at different vertical locations
in & wall cross-section. These values correspond to approximate wall heights from 1 to 25 feet
(0.3 to 7.5 m). Four tests were run at the same normal load near the middle of the range of
loads tested to check repeatability of the testing protocol.

Blocks were preloaded with an average of approximately 950 Ib (4.2 kN) to set the blocks.
Displacement was measured at the point of load by the integral LDT sensor mounted inside the
horizontal hydraulic cylinder. The displacement rate (velocity) at which the blocks were tested
was manually contralled with an average displacement rate of 4.3 mm/min (0.17" per minute)
which is within the tolerance of 5 mm/min +/~ 1Tmm/min (0.197" per minute +/- 0.04" per min)
rate specified in ASTM D6916.

6.0 Results

All tests were taken to block failure. Two modes of failure were observed during the tests. In
the first mode, shown in Figure 3, the block cracked starting behind the knab and running
through the block face. In the second mode, shown in Figure 4, failure occurred either in the
knob cor at the interface between the knob and the block.
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Figure 3 - Failure through block face Figure 4 - Failure by knob shear

Block displacement plotted against horizontal load is shown in Figure 5. Peak loads were taken
as the maximum measured load during each test and are summarized in Table 1. Peak loads
plotted against normal loads are shown in Figure 6. The two failure modes are shown with
different markers for ease in distinguishing them.

FOO00
—Test 1
—Test 2
G000 —Test 3
Tesl 4
—Test 5
50000 —Test 6
—T ot 7
—Tost B
i 40000 ——Test &
i
=
2
2} 30000
20000
10000

o 018 0.36 054 072 09
DEFLECTION (IN)

Figure 5 - Horizontal Shear Force versus Horizontal Displacement
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Table 1 - Results

Test Number Normal Load Peak Shear Observed Failure
I/t (KMN/m) Ibfft (KMN/m)
1 5,993 (67.5) 12,620 | (184.2) | Failure through block face
2 5,039 (88.1) 14,209 | (207.4) | Failure through block face
3 472 (6.9) 7,552 | (110.2) | Failure through block face
4 2,064 (30.1) 8,644 (126.1) | Failure through block face
5 3,991 (58.3) 10,735 | (156.7) | Failure through block face
(53 8,019 (117.0) 12,146 | (177.3) | Knob shear
7 5,851 (86.9) 10,418 | (152.0) [ Knob shear
8 10,016 | (146.2) | 15,243 | (222.5) | Failure through block face
g 5,998 (87.5) | 12,221 | (178.4) | Knob shear
20,000
15,000 [ ]
®
3 2 A
E 10,000 ? 4
5 B
;
5,000
D-:] 2,000 4,000 6,000 8,000 10,000 12,000

NORMAL LOAD (Ib/ft)

Figure 6 - Shear strength versus Normal loads

147



APPENDIX:

REDIROGK

1.1.10 UNIT-UNIT INTERFACE SHEAR TEST REPORTS

Four tests were run at approximately 6,000 Ib/ft (87.6 kN/m) normal load to check repeatability
of the testing protocol. ASTM D6916 uses a value of +10% variation for each test from the
mean of the tests as a measure of repeatability. In testing, two different failure mechanisms
were observed in the repeat tests. When looking at the total combined data, the high and low
values do not fall within 10% of the mean of the tests. If the high and low values are averaged,
the average high and low value and the two middle values vary less than 1.3% from the mean of
the tests. If the two failure modes are analyzed separately, both tests vary less than 10% from
the mean of the tests.

7.0 Closure
This data and conclusions should be used with care. The user should verify that project
conditions are equivalent to laboratory conditions and account for variations.

This test data is accurate to the best of our knowledge. It is the responsibility of the user to
determine suitability for the intended use.

ASTER BRANDS

Matthew A. Walz, PE. Nils W. Lindwall, P.E.
Testing Manager Chief Engineer
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NTPEP June 2019 Final Report REGEO-2016-01-[ Tencate-Miragrid XT |
Report Expiration Date: June 2028

PROLOGUE

General Facts about NTPEP Reports:

“+ NTPEP Reports contain data collected according to laboratory testing and field evaluation protocols
developed through consensus-based decision by the AASHTO s NTPEP Oversight Commitiee.
These test and evaluation protocols are described in the Project Work Plan (see NTPEP website).

< Products are voluntarily submitted by manufacturers for testing by NTPEP. Testing fees are assessed
from manufacturers to reimburse AASHTO member departments for conducting testing and to report
results. AASHTO member departments provide a voluntary yearly contribution to support the
administrative functions of NTPEP.

< AASHTO/NTPEP does not endorse any manufacturer’s product over another. Use of certain
proprictary products as “primary products” does not constitute endorsement of those products.

< AASHTO/NTPEP does not issue product approval or disapproval; rather, test data are furnished for
the User to make judgment for product prequalification or approval for their transportation agency.

Guidelines for Proper Use of NTPEP Results:

<+ The User is urged to carefully read any introductory notes at the begimning of this Report, and also to
consider any special clauses, footnotes or conditions which may apply to any test reported herein.
Any of these notes may be relevant to the proper use of NTPEP test data.

%+ The User of this Report must be sufficiently familiar with the product performance requirements
and’or (standard) specification of their agency in order to determine which test data are relevant to
mesting those qualifying factors.

<+ NTPEP test data is intended to be predictive of actual product performance. Where a transportation
agency has successful historical experience with a given product, it is suggested to factor that
precedence in granting or withholding product approval or prequalification.

NTPEP Report Special Advisory for Geosynthetic Reinforcement (REGEQ):

% This report contains product data that are intended to be applied to a product line, based on the test
results obtained for specific products that arc used to represent the product line for the purposes of
NTPEP testing. It is expected that the User will estimate the properties of specific products in the
line not specifically tested through interpolation or a lower or upper bound approach.

#+ It is intended that this data be used by the User to add products to their Qualified Products or
Approved Produets List, and/or to develop geosynthetic reinforcement strength design parameters in
accordance with AASHTO, FHWA, or other widely accepted design specifications/guidelines. Itis
also intended that the User will conduct further, but limited, evaluation and testing of the products
identified in this report for product acceptance purposes to verify product quality.

% Products included in this report must be resubmitted to NTPEP every three (3) years for a quality
verification evaluation and every nine (9) years for a full qualification evaluation in accordance with
the work plan. Hence, all product test results included in this Report supersede data provided in
previous Hditions of this report.

<+ The User is guided to read the document entitled “Use and Apphecation of NTPEP Geosynthetic
Reinforcement Test Results™ (see NTPEP website) for instructions and background on how to apply
the results of the data contained m this report.

Scott Hidden (North Carolina DOT) Sophie Brovin (Oregon DOT)
Chairman, Geosynthetics Viee Chairman, Geosynthetics
Technical Committee Technical Committee
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Executive Summary

This test report provides data that can be used to characterize the short-term and long-term tensile
strength of the Miragrid XT polvester, PVC coated geogrid reinforcement product line using
testing condueted on representative products within the product line. The purpose of this report
is to provide data for product qualification purposes.

The test results contained herein were obtained in accordance with AASHTO R69-15 and the
NTPEP work plan (see www.NTPEP.org) and can be used to determine the long-term strength of
the geosynthetic reinforcement, including the long-term strength reduction factors RFp, RFcg.
and RFp, and also used to determine low strain creep stiffness values,

All testing reported herein was performed on the materials tested in the direction of manufacture,
1.¢., the machine direction,

Product Line Description: The product line evaluated includes the following specific polyester,
PVC coated geogrid reinforcement products:

Miragrid 2XT, 3XT, 5XT, 7XT, 8XT, 10XT, 20XT, 22XT, and 24XT.

This product line was evaluated through detailed testing of three representative products n the
Miragrid XT product line, and very limited testing of the other remaining produets in the product
line. Miragrid 8XT was used as the primary product for product line characterization purposes (i.e..
the baseline to which the other products were compared), and Miragrid 2XT and 24XT were used
as secondary products to evaluate the properties of the range of products in the Miragrid XT
product line. Products are manufactured at the Miragrid manufacturing plant located in Cornelia,
GA and samples of these products were taken by an independent sampler on behalf of NTPEP on
March 10, 2017, at the Miragrid warehouse located in Pendergrass, GA.

Statistical Validation of Use of SIM and Validation of Product Line: The creep rupture test
results obtained were evaluated in accordance with R69-15 to assess the validity of using SIM 1o
extend the creep rupture data and to assess the validity of treating the products submitted as a
single product line. The following was verified:

i. The SIM creep test results were characterized by data statistically consistent with
conventional creep tests conducted at the reference temperature up to 10,000
hours, including comparison of single rib and multi-rib test data (see Figure F-21
in Appendix F for details).

ii. Based on the available creep data for all the products tested. the product line
submitted by the manufacturer statistically qualifies to be a product line and can
therefore be represented using test results from representative products in the
product line (see Figure F-22 in Appendix T for details). Recommendations on
application of the representative product data to the rest of the product line for
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installation damage, durability and creep stiffness are provided in their respective
report sections and summarized below in this executive summary.

Test Results for Ty: All wide width test results (ASTM D663 7) obtained for this product line
through the NTPEP testing were greater than the minimum average roll values (MARV’s)
provided by the manufacturer (see Table 3-1).

Test Results for RFp: Installation damage testing on this product line resulted in values of
RFpp that ranged as follows:

RFp = 1.01 to 2.01

The RFjp factor of 1.01corresponds to the 3XT product in sandy gravel and 2.01 to the lightest
product in coarse gravel.

In general, as the test material gradation becomes more coarse. the value of RFp increased.
Therefore, interpolation of this data to intermediate gradations appears to be feasible. The values
of RFp for all of the products tested did demonstrate a trend of decreasing RFyp as product unit
weight/tensile strength increases, at least for the 37 stone gradation, that would allow
interpolation of RFp to products not tested. Therefore, interpolation of these test results to
products in the line not tested is feasible. This trend was not as clear for the other gradations.
See Table 4-3 and Figures 4-5 through 4-9 for details. Laboratory installation damage test data in
accordance with ISO/EN 10722 are also provided for future use in comparison to quality
verification testing (see Table 4-6).

It should be noted that the installation damage testing conducted represenis an increase in
compaction and spreading equipment size (i.e.. a 15,000 Ib wheeled front end loader — Caterpillar
416E, and a 25,000 1b single drum vibratory roller) and a reduced aggregate lift thickness over
the geogrid of 6 inches relative to the installation damage testing reported in previous NTPEP
test reports. Therefore, the decrease in strength retained values relative to previous NTPEP test
reports for this product line does not represent a change in the products, but instead is the result
of the more severe installation damage conditions which represent a likely upper bound
installation condition for geosynthetic reinforced soil structures. Actual RFm values could be
lower if installation conditions are less severe (e.g., greater initial lift thickness over the geogrid,
use of lighter weight equipment, etc.). Actual RFm values could be higher if the spreading or
compacting equipment tires or tracks are allowed to be in direct contact with the geosynthetic
before or during fill placement and compaction, if the thickness of the fill material between the
equipment tires or tracks is inadequate (especially for high tire pressure equipment such as dump
trucks). or if excessive rutting of the first lift of soil over the geosynthetic (e.g.. due to soft
subgrade soil) is allowed to occur.
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Test Results for RFcr: The creep rupture testing conducted indicates that the following value

of RFcr may be used:
RFcr = 1.44

This value of RFcg is applicable to a 75 year life at 68" F (20" C). and may be used to
characterize the full product line as defined herein. See Figure 3-1 for detailed creep rupture
envelope or to obtain values for other design lives.

Test Results for RFp: The chemical durability index testing results meet the requirements in
AASHTO R69-15 to allow use of a default reduction factor for RFp. See Table 6-2 for specific
test results, and see AASHTO R69-15 or the document entitled “Use and Application of NTPEP
Geosynthetic Remforcement Test Results”™ (www.NTPEP.org) for recommended default
reduction factors for RFp.  The UV test results (ASTM D4355) for this product line, as
represented by the lightest weight product from each manufacturing plant, indicate strength
retained at 500 hours in the weatherometer of 94%. These values of UV strength retained
should be considered to be a lower bound value for the product line.

Test Results for Creep Stiffness: The 1000 hr, 2% strain secant stiffiness (J2s; 1000n) test results
ranged from 19.801 Ib/fi for the lowest strength style to 190,759 Ib/ft for the highest strength
style. There exists a strong linear relationship between creep stiffness and the short-term tensile
strength (Ty), therefore the 1000 hr, 2% strain secant stiffness can be reasonably expressed for
any product in the product line as:

Jae, 10000 = 6.6609(Ty) + 942.87

Where, Ty is the roll/lot specific single rib tensile strength per ASTM D6637. See Table 7-2 and
Figure 7-1 for details. Note that once the stiffness is determined from this equation, an
equivalent MARY for this property can be determined by multiplying the stiffness by the ratio of
Tuaryv/Tiat.
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1.0 Product Line Description and Testing Strategy

1.1 Product Description

The Miragrid XT Series family of geogrids are high-strength woven, PVC coated geogrids. The
product line evaluated consists of the products as manufactured by TenCate Geosynthetics listed
in Table 1-1.

Table 1-1. Product designations included in product line.

Miragrid Reinforcement Product Designations (i.e., Styles)

Miragrid® 2XT Miragrid® 7XT Miragrid® 20XT
Miragrnd® 3XT Miragrid® §XT Miragnd® 22XT
Miragrid® 5XT Miragrid® 10XT Miragrid® 24XT

The scope of the evaluation is limited to the strength in the machine direction (MD). The cross-
machine direction (X)) was not specifically evaluated.

1.2 Product Line Testing Approach

This product line was evaluated through detailed testing of three representative products in the
Miragrid XT product line, and very limited testing of the other remaining products in the product
line. Miragrid 8XT was used as the primary product for product line characterization purposes (i.e.,
the baseline to which the other products were compared), and Miragrid 2XT and 24XT were used
as secondary products to evaluate the properties of the range of products in the Miragrid XT
product line. Products are manufactured at the Miragrid manufacturing plant located in Comelia,
GA and samples of these products were taken by an independent sampler on behalf of NTPEP on
March 10, 2017, at the Miragrid warchouse located in Pendergrass, GA.

Photographs of all the products tested are provided in figures 1-1 through 1-9
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Figure 1-1. Photo of Miragrid 2XT (machine direction is perpendicular to ruler shown).

Figure 1-2. Photo of Miragrid 3XT (machine direction is perpendicular to ruler shown).
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Figure 1-3. Photo of Miragrid SXT (machine direction is perpendicular to ruler shown).

Figure 1-4. FPhoto of Miragrid 7XT (machine direction is perpendicular to ruler shown).
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-5. Photo of Miragrid 8XT (machine direction is perpendicular to ruler shown).

Figure 1-6. Photo of Miragrid 10XT (machine direction is perpendicular to ruler shown)
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Figure 1-8. Photo of Miragrid 22XT (machine direction is perpendicular to ruler shown).
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Figure 1-9. Photo of Miragrid 24XT (machine direction is perpendicular to ruler shown).
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2.0 Product Polymer, Geometry, and Manufacturing Information

2.1 Product/Polymer Descriptors

Yarn used in all Miragrid XT Series geogrids is a high molecular weight, low CEG. high
tenacity polyester (PET) with UV inhibitors. The source of the yarns is proprietary. Coating
used in all Miragrid XT Series geogrids is a PVC-based coating with no post-consumer recycled
materials. 'The source of coating is confidential.

For the PET varns, key descriptors include minimum production number average molecular
weight (GRI-GG7 and ASTM D 4603) and maximum carboxyl end group content (GRI-GGR):

Minimum Molecular Weight > 25,000 (Measured value is 32,783)
Maximum CEG < 30 (Measured value is 15.9)

% of regrind used in product: 0%.

% of post-consumer recycled material by weight: 0%

2 Q

(8]

2.2 Geometric Properties of Geogrids

Rib width, spacing, thickness. and product weight/unit area vary depending on geogrid style.
While such data are generally not used for design, it can be useful for identification purposes, and
to be able to detect any changes in the product. Measurements of geogrid rib spacing are also
used to convert tensile test results (i.e., load at peak strength, Ty, and load at a specified strain to
obtain stiffhess, J) to a load per unit width value (i.e., 1bs/fi or kN/m). Detailed measurement
results, as well as the typical values supplied by the manufacturer for each product, are provided
in Appendix B, Section B.1.

2.3 Product Production Data and Manufacturing Quality Control

Geogrid roll sizes and weights, lot sizes, and a summary of the manufacturer’s quality control
program are provided in Appendix B, Sections B.2 and B.3. Such information can be useful in

working with the manufacturer if product quality issues oceur.
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3.0 Wide Width Tensile Strength Data

Minimum average roll values supplied by the manufacturer and test results obtained on all the
products in the product line for this NTPEP testing program are provided in Table 3-1. Wide
width tensile tests were conducted in accordance with ASTM D6637. The measured geogrid
dimensions discussed in Section 2 and provided in Appendix B. Section B.l, were used to
convert test loads to load per unit width values. Note that the independently measured T, values
only indicate that the sampled products have a tensile strength that exceeds the Manufacturer’s
minimum average roll values (MARV’s). As such, these independently measured Ty values
should not be used directly for design purposes. However, these independently measured T,y test
results have been used as roll specific tensile strengths used for developing installation damage
and creep reduction factors. Detailed test results are provided in Appendix C.

Table 3-1. Wide width tensile strength, T, for the Miragrid Geogrid XT product line.

TIl“!
Product I\(IARV. for Indcpendcn.tlj'
Style/Type Test Method T, in Measured in
. s MD (1b/ft) MD
(b/ft)*
2XT ASTM D 6637 2.000 2.710
3XT ASTM D 6637 3,500
SXT ASTM D 6637 4,700
TXT ASTM D 6637 5,900
SXT ASTM D 6637 7,400 8,484
10XT ASTM D 6637 9,500
20XT ASTM D 6637 13.705
22XT ASTM D 6637 20.539
24XT ASTM D 6637 27.413 31.443

(Conversion: 1 Ib/ft = 0.0146 kKN/m)
MD = machine direction
*Average of 5 specimens obtained during NTPEP testing,

164



APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Report REGEO-2016-01-[ Tencate-Miragrid XT ]
Report Expiration Date: June 2028

4.0 Installation Damage Data (RF;p)
4.1 Installation Damage Test Program

Installation damage testing and interpretation was conducted in accordance with AASHTO R69-
13, except as noted herein, Samples were exposed to four “standard™ soils: a coarse gravel, a
medium gravel, a sandy gravel, and a sand. Additional laboratory installation damage testing in
accordance with ISO/EN 10722 was also conducted. The specific installation damage test
program is summarized in Table 4-1.

Table 4-1. Independent installation damage testing required for NTPEP qualification.

Manufacturer: TenCate Geosynthetics PRODUCT Line: 2XT to 24xXT
Qualification (every 9 yrs) / Verification (every 3 yrs)
Tests Conducted Frsueks Tesses # of Tests
. " . " (see Note 1)
Qualification Verification
Index tensile tests on undamaged| 2XT, 3XT, 7XT, 8XT, NA 5
material (ASTM D 6637) 24XT
T ol choragtenzation and |, , 2T, 3XT, 7XT, 8T
compaction measuremants Al |r|2 5;;} %nse c,"_‘};ypes 1 il o
(ASTM DS5818) ;
Tensile tests on damaged 2XT, 3XT, TXT, 8XT,
specimens 24XT in 57 stone, Types 1, MNA 20
(ASTM D 6637) 2, and 3 soils
Laboratory installation damage
testing —as basis for future QA
: 2XT, 3XT, 5XT, 7XT, 8XT
and to help interpolate full scale : i : ; ? MNA g
field results to products ont full TORT 2T, 2L, 23RT
scale field tested (ISO/EN 10722) |
Note 1 Each test is performed using the number of specimens required by the test standard. For
example, for index tensile testing, a test is defined 5 to 6 specimens. See the specific test
procedures for details on this.
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4.2 Installation Damage Full Scale Field Exposure Procedures and Materials
Used

Four “standard™ soils were used for the field exposure of the geogrid samples to installation
damage. Soil gradation curves for ecach soil are provided in Figure 4-1. Photographs of each soil
illustrating particle angularity are provided in figures 4-2 through 4-5. LA Abrasion tests
conducted to characterize the backfill materials indicted a maximum loss of 20%, which is well
within the requirements stated in R69-13.

The approach specifically used for applying installation damage to the geosynthetic samples that
allows for exhumation of the test samples while avoiding unintended damage was initially
developed by Watts and Brady' of the Transport Research Laboratory (TRL) in the United
Kingdom. The procedure generally conforms to R69-15 and ASTM D 5818 requirements.

Since compaction typically occurs parallel to the face of retaining walls and the contour lines of
slopes. the machine direction was placed perpendicular to the running direction of the
compaction equipment. To initiate the exposure procedure, four steel plates each measuring 42-
inches x 52-inches (1.07 m x 1.32 m), equipped with lifting chains, were placed on a flat clean
surface of hardened limestone rock. The longer side of the plates is parallel to the running
direction of the compaction equipment. A layer of soil/aggregate was then placed over the
adjacent plates to an approximate compacted thickness of 6 inches (0.15 m) except for 57 stone
which used a compacied thickness of 8 inches (0.20 m). Next, each of four coupons of the tested
geosynthetic sample was placed on the compacted soil over an area corresponding to an
underlying steel plate. To complete the installation, the second layer of soil was placed over the
coupons using spreading equipment and compacted to a thickness of 6 inches (0.15 m) using a
vibratory compactor. The spreading equipment used included a wheeled front end loader and a
23,000 26,000 Ib single drum vibratory roller with pneumatic rear wheels. The front end loader
was allowed to spread the aggregate by driving over the geosynthetic with a 6 inch aggregate lift
between the wheels and the geosynthetic.

The following construction quality control measures were followed during exposure:
o Proctor and sieve analyses were performed on each soil/aggregate. when possible,
{Proctors could not be performed on 57 stone, Gradations 1 and 2.)
e Lifi thickness measurements were made after soil’aggregate compaction.
e  When possible, moisture and density measurements were made on each lift using a
nuclear density gage to conlirm that densities >90% of modified Proctor (per ASTM D
1557) were being achieved.

To exhume the geosynthetic, railroad ties were removed and one end of each plate was raised
with lifting chains. After raising the plate to about 45°, soil located near the bottom of the
leaning plate was removed and, if necessary, the plate was struck with a sledgehammer to loosen
the fill. The covering soil/aggregate was then carefully removed from the surface while “rolling”
the geosynthetic away from the underlying soil/aggregate. This procedure assured a minimum of

L G.R.A. Wats and K.C. Brady (1990), Site Damage frials on geogrids, Geogrids, Geomembranes and Related
Produts, Balkema Rotterdam.
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exhumation stress.

REGEO-2016-01-[ Tencate-Miragrid XT]

Photographs of the installation damage field exposures are provided in

Appendix D. A detailed tabulation of each soil gradation is provided in Appendix D, Table D-
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Figure 4-1. Test soil grain size distribution.
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Figure 4-5. Installation damage Type 3 test ageregate.

4.3 Summary of Installation Damage Full Scale Field Exposure Test Results

The roll specific ultimate tensile strength (ASTM D6637) test results for the baseline, Ty, (1.e.,
undamaged tensile strength tested prior to sample installation in the ground) and the ultimate
tensile strength of the installation damaged geogrid samples, Tgam. are provided in Table 4-2,
RFm, calculated using the results shown in Table 4-2, are summarized in Table 4-3. Strength
retained is calculated as the ratio of the average exhumed strength Tgan divided by the average
baseline strength Ty, for the product sample. RFp is the inverse of the retained strength {(1.e. 1/
0.779 = 1.28). Detziled test results for sach specimen tested are provided in Appendix D, Tables
D-1 through D-20.

18
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Table 4-2. Summary of installation damage tensile test results.

Baseline Exhumed
Backfill Type | Style T Cov I COV
(Ib/ft) (%) (Ih/ft) (%)
2XT 2,710 1.39 1.346 14.95
Type 1 3NT 3,795 1.35 2.965 8.33
Coarse Gravel TXT 6,579 1.47 4.237 7.92
(GP) SXT 8.488 2.37 5.670 8.61
24XT 31.443 2.97 22,493 6.37
2XT 2,710 1.39 1,861 13.67
§7 shone IXT 3,795 130 2.844 14.91
(GP) TXT 6,579 1.47 4,655 9.87
SXT 8,488 2.37 6.180 6.06
24XT 31.443 2.97 25.598 4.40
2XT 2.710 1.39 2.578 1.20
Type 2 3XT 3,795 1.35 3.740 1.92
Sandy Gravel TXT 6,579 1.47 5,981 3.50
(GP) 8XT 8,488 2.37 7.613 2.78
24XT 31.443 2.97 29,991 1.42
2XT 2,710 1.39 2.494 4.35
Type 3 3XT 3,795 1.35 3.680 1.52
Silty Sand TXT 6,579 1.47 6.121 4.06
(SM) 8XT 8,488 237 7.111 5.48
24XT 31,443 2.97 28.781 2.84
' Average of 5 specimens.
IAverage of 10 specimens.,
(Conversion: 1 I/t = 0.0146 kKN/m)
Table 4-3. Measured RFyp,.
Type 1 Type 2 Type3
Mass / Cual's}epGrave] 57 SO Sand'_vypGrave] Sﬂt}'pSalnd
tyle Amaz %o Yo % Yo
©230) | Retained | RFP | Retained | *F® | Retained | *F® | Retained | KE®
2XT 6.52 49.7 2.01 68.7 1.46 93.1 1.05 92.0 1.09
IXT 6.51 78.1 1.28 74.9 1.33 98.6 1.01 97.0 1.03
TXT 8.60 04.4 1.55 70.8 1.41 90.9 1.10 93.0 1.07
8XT 10.08 66,8 1.50 72.8 1.37 89.7 1.11 83.8 1.19
24XT | 30.74 1.8 1.40 81.4 1.23 93.4 1.035 91.5 1.09
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4.4 Estimating RFyy, for Specific Soils or for Products not Tested

In general, as the test material gradation becomes more coarse, the value of strength retained
decreased (i.e.. RFjp increased). Trend lines plotted in Figure 4-5 for the upper bound and lower
bound for all the installation damage data obtained for the product line illustrate the general trend
of the installation damage data with regard to soil ds; size. Interpolation of this data to
intermediate gradations appears to be feasible based on these test results, though the scatter in
that trend should be recognized when estimating values of RFyp, for specific soils.

Only representative products in the product line were installation damage tested for the full range
of soil gradations (57 stone and Gradations 1 through 3). However, bench scale installation
damage tests (ISO/EN 10722) were conducted for the remaining products in the line to verily
whether or not interpolation of the installation damage test results was feasible for the remaining
products in the line not fully evaluated for installation damage resistance. The Miragrid XT
product line generally exhibited moderately strong relationships between the weight or the tensile
strength of the product and the strength retained after installation damage for 57 stone but
showed no consistent relationship with product weight or tensile strength for gradations 1, 2 and
3. See figures 4-6 through 4-9 for illustrations of those relationships. Therefore, interpolation of
these test results to products in the line not tested based on product weight or strength may be
only feasible for 37 stone, though caution should be exercised and appropriate judgment applied
to insure a safe estimate of RF each product. For products in the product line not tested in the
full scale installation damage tests, for gradations 1. 2 and 3, use of a lower bound value of
strength retained for the products not tested in the full scale installation damage tests (i.e., (Pypin
in Figure 4-6) appears to be appropriate for design.
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Note: RFp = 1/P: dsy = sieve size at which 50% of soil passes by weight

Figure 4-5. Miragrid XT product line installation damage as a function of soil ds size.
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Figure 4-6. Miragrid XT product line installation damage as a function of product unit
weight for type 1 soil (coarse gravel - GP).
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Figure 4-7. Miragrid XT product line installation damage as a function of product unit

weight for 57 stone (GP).
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It should be noted that the installation damage testing conducted represents an increase in
compaction and spreading equipment size (i.e., a 15.000 1b wheeled front end loader — Caterpillar
416E, and a 25.000 1b single drum vibratory roller — a 10,000 1b roller was used in past testing)
and a reduced aggregate lift thickness over the geogrid of 6 inches (an 8 inch lift thickness was
used in past testing) relative to the installation damage testing reported in previous NTPEP test
reports. Therefore. the decrease in strength retained values relative to previous NTPEP test
reports for this product line does not represent a change in the products, but instead is the result
of the more severe installation damage conditions which represent a likely upper bound
installation condition for geosynthetic reinforced soil structures. Actual RFib values could be
lower if installation conditions are less severe (e.g., greater initial lift thickness over the geogrid,
use of lighter weight equipment, etc.). Actual RFm values could be higher if the spreading or
compacting equipment tires or tracks are allowed to be in direct contact with the geosynthetic
before or during fill placement and compaction, if the thickness of the fill material between the
equipment tires or tracks is inadequate (especially for high tire pressure equipment such as dump
trucks), or if’ excessive rutting of the first lifi of soil over the geosynthetic (e.g., due to soft
subgrade soil) is allowed to occur.
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4.5 Laboratory Installation Damage Test Results per ISO/EN 10722

Laboratory Installation damage testing and interpretation was conducted in accordance with
ISO/EN 10722. In this procedure, geosynthetic specimens are exposed to simulated installation
stresses and abrasion using a standard “backfill” material in a bench scale device. Once exposed.
they are tested for tensile strength to determine the retained strength afier damage. Five baseline
and five exposed specimens from each product were tested. The test results are summarized in
Table 4-4. Detailed test results are provided in Appendix E, as well as a photograph of the test
set-up and a close up of the standard backfill material used.

This procedure is inlended lo be a reproducible index test to assess relative susceptibility of the
geosynthetic to damage. In this NTPEP testing program. the results from this test are primarily
intended to be used for future quality assurance to assess the consistency in the produet’s
susceptibility to installation damage. It is not intended to be used directly in the determination of
RFp for a given soil backfill gradation.

Table 4-4. Summary of laboratory (ISO procedure) installation damage test results.

. o Mean Baseline B Mean Exposed g Strength
Miragrid XT | | d of iy of :

il Tensile Strength | ., . Tensile Strength — e Retained

Style ab/fe) Variation ab/ft) Variation %)
(%) (%)

2XT 2,759 2 2,483 6 90
3XT 4,020 2 3,528 7 88
SXT 5,127 2 4,737 5 92
7XT 6,734 2 5.394 10 80
8XT 8,286 2 7.078 5 85
10XT 11,491 3 9,820 6 85
20XT 17,648 2 15,860 4 90
22XT 24,164 3 22,307 3 92
24XT 32,917 1 29,139 3 89

(Conversion: 1 Ib/ft =0.0146 kN/m)
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5.0 Creep Rupture Data (RF¢g)

5.1 Creep Rupture Test Program

Creep testing and interpretation has been conducted in accordance with AASIHTO R69-15. A
bascline (i.e.. reference) temperature of 68° F (20° C) was used. 8XT was used as the primary
product to establish the creep rupture envelope, with limited creep testing of the other Miragrid
NT geogrids (i.e.. 2XT and 24XT) to verify the ability to interpolate creep rupture behavior to the
Miragrid geogrid products not specifically tested (i.e., to treat all the products submitted for
evaluation as a product line per R69-15 and the NTPEP work plan).

The creep rupture testing program is summarized in Figure 5-1. Creep testing was conducted
using both ASTM D5262 (termed “conventional” creep testing) and ASTM D6992 (i.e., the
Stepped Isothermal Method - SIM). A limited number (6) of tests using ASTM D35262,
conducted only at the reference temperature of 68” F (20° C) for up to a maximum time of 10,000
hrs were used for comparison purposes to verify the accuracy of the SIM creep tests. Since the
SIM creep tests are conducted as single rib tests and conventional creep tests (ASTM D5262)
conducted as single-rib and multi-rib tests, both single rib and wide width (multi-rib) short-term
tensile tests were conducted for the primary product, 8XT. This was done for comparison
purposes to establish the validity of using single rib creep test data as well as to ensure that the
correct index tensile strength is used, since the creep load is expressed as a percent of Tyy.

25

176



APPENDIX:

REDIROCK

1.2.4 NTPEP REPORT

NTPEP Iune 2019 Final Report
Report Expiration Date: June 2028

REGEO-2016-01-[ Tencate-Miragrid XT]

Table 5-1. Independent creep rupture testing required for NTPEP qualification.

Manufacturer: TenCate Geosynthetics

PRODUCT Line: 2XT to 24XT

Tests Conducted

Qualification (every 9 vrs) / Verification (every 3 yrs)

Products Tested

Qualification

Verification

# of Tests (see
Note 1)

Index single rib tensile tests on lot specific
material
(ASTM D6637)

2XT, 8XT. 24XT

NA

Index wide width tensile tests on lot specific
material
{ASTM D6637)

NA

NA

PRIMARY PRODUCT 6 Rupture Points —

Conventional Creep testing up to 1000 hrs
{ASTM D5262)

8XNT @ 6 load levels

NA

PRIMARY PRODUCT 6 Rupture Points
Accelerated Creep rupture testing (SIM).
{ASTM D6992)

8XT @ 6 load levels

NA

SECONDARY PRODUCT(S)
Conventional Creep Testing
(ASTM D5262)

None

NA

SECONDARY PRODUCT(S)
Accelerated Creep rupture testing (SIM),
{ASTM 1D6992)

2XT and 24XT (@ 4 load

levels

NA

8

Note 1: Each test is performed using the number of specimens required by the test standard. For example,
for index tensile testing, a test is defined 5 to 6 specimens, See the specific test procedures for

details on this.

5.2 Baseline Tensile Strength Test Results

All creep testing using SIM (ASTM D6992) was performed on single rib specimens, whereas
single-rib and multi-rib specimens were used for the conventional (ASTM D35262) creep tests.
Both types of tests were only conducied for the BXT geogrid product. To facilitate use of both
single rib to wide width specimens for the creep testing, rapid loading tensile and creep tests
were conducted, in accordance with R69-15. The multi-rib rupture points fit closely with the
single rib rupture curve (see Figure 5-1). The tensile test specimens tested were taken from the
same rolls of material that were used for the creep testing. The measured geogrid dimensions
discussed in Section 2 and provided in Appendix B, Section B.1, were used to convert tensile test

loads to load per unit width values.
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Table 5-2. Ultimate tensile strength (UTS) and associated strain.

Single Rib UTS per
Product ASTM D6637, Ty,
(Ib/ft @ % Strain)
IXT 2,753 @ 9.87%
gXT 8.636 @ 13.4%
24XT 28,474 @ 13.0%

{Conversion: 1 Ib/ft =0.0146 kN/m)

5.3 Creep Rupture Test Results

A total of 14 Stepped Isothermal Method (SIM) tests and 6 conventional creep tests were run
to fulfill the qualification requirements. Table 5-3 summarize the tests performed and their
outcomes. Detailed test results, including creep curves for each specimen tested, are
provided in Appendix F. Figures F-1 through F-20.

Table 5-3. Creep rupture test results for all tests conducted.

Style & Test Creep Load Time to Rupture
Type (% of Tier) (log hrs)
2XT - SIM 70.96 5.4100
2XT - SIM 75.00 4.1304
2XT - SIM 79.00 2.4319
2XT - SIM 83.00 1.3981
8XT - SIM 68.00 6.2548
8XT - SIM 71.00 5.0359
8XT - SIM 74.00 4.8030
8XT - SIM 77.00 3.1833
8XT - SIM 80.00 2.2342
8XT - SIM 83.00 1.5275
8XT - Conv.+ 81.00 2.0423
8XT - Conv.+ 80.00 2.1602
8XT - Conv.+ 79.00 2.6325
SXT - Conv.+ 77.50 3.8328
8XT - Conv. 76.00 3.3958
8XT - Conv. 74.00 4.0000*
24XT - SIM 70.00 5.4648
24XT - SIM 74.00 4.5842
24XT - SIM 78.00 3.3838
24XT - SIM 82.00 1.5877

+ Multi-rib specimen, * Finished without rupture
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5.3.1 Statistical Validation to Allow the Use of SIM Data to Establish Rupture
Envelope

Details of the confidence limits evaluation conducted in accordance with R69-15 are
contained in Appendix F. Figure F-21 provides a plot of the creep rupture envelope with the
confidence limits and the rupture envelopes for the conventional creep and SIM creep data,
illustrating this statistical test. Detailed calculation results for this statistical analysis are
provided in Table F-2, and summarized in Table F-6. The results indicate that the SIM data
meet the statistical validation requirements in R69-13 (i.e., the SIM rupture envelope is
within the specified 90% confidence limits of the “conventional™ creep rupture data). Thus,
the conventional and accelerated (SIM) data may be used together to construct the
characteristic creep rupture curve of the primary product, and SIM data may also be used for
creep testing of the other two geogrid products to evaluate the potential to construct a
composite creep curve for the product line.

5.3.2 Statistical Validation to Allow the Use of Composite Rupture Envelope for
Product Line

Details of the confidence limits evaluation for the product line conducted in accordance with
R69-15 are contained in Appendix F. Tigure F-22 provides a plot of the creep rupture
envelope with the confidence limits and the rupture envelopes for the primary product and
the other tested products (i.e., 2XT and 24XT), illustrating this statistical test. Detailed
caleulation results for this statistical analysis are provided in Tables F-3 and F-4, and
summarized in Table F-7. The results indicate that the rupture envelopes for the 2XT and
24XT products are within the specified 90% confidence limits of the primary product (i.e.,
8XT) creep rupture data, meeting R69-15 requirements. Thus, all the Miragrid XT products
tested (ie.. 2ZXT. 8XT and 24XT) can be used to construct a composite creep rupture
envelope representing the entire product line. The calculation results for the statistical
analysis and regression to create the full composite creep curve are provided in Table F-5.

5.4 Creep Rupture Envelope Development and Determination of RF¢g

In consideration of the statistical validation described in Section 5.3 of this report, a composite
creep rupture envelope, using log-linear regression, was constructed as shown in Figure 5-1. The
mix of conventional and accelerated (SIM) creep rupture test data points meets R69-15
requirements. Based on this plot of all data, the regression of the data shows that the r° value is
(1.97 (see Table F-3 in Appendix F for details). Per R69-13, this degree of scatter in the data is
acceptable for a composite rupture envelope.

The creep rupture envelope in Figure 5-1 should be considered valid for the entire Miragrid XT
geogrid product line evaluated in this report. Since the temperature accelerated creep results
produced through the SIM testing allowed time shifting of the creep rupture data points to over
1,000,000 hours (i.e., 114 years), no extrapolation uncertainty factor in accordance with R69-15
need be applied. Table 3-4 provides the estimated value of RFqp for the Miragrid X'T geogrid
product line based on the reported testing for a period of long-term loading of up to 100 vears.
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This rupture envelope can be used to determine RFqy for times other than 3, 75 and 100 years, if

desired.

Table 5-4. RFcg value for Miragrid XT series geogrids for 3, 75 and 100 yr periods of
loading/use.

Period of Use (in years) RFcg for Rupture — All XT Styles

3 1.36
75 1.44
100 1.45
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TenCate Miragrid XT
Composite Creep Rupture Curve
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Figure 5-1. Composite crecp rupture data/envelope for the Miragrid XT geogrid product line.
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6.0 Long-Term Durability Data (RFp)
6.1 Durability Test Program

Basic molecular properties relating to durability were evaluated, allowing a “default™ RFp to be
used in accordance with AASHTO R69-13. provided that the long-term environment in which
the geosynthetic is to be used is considered to be non-aggressive in accordance with the
AASHTO LRFD Bridge Design Specifications and R69-15. A non-aggressive long-term
environment is described in these documents as follows:

o  Asoil phol 4.5109.0,

e A maximum particle size of 0.75 inches or less unless installation damage effects are
specifically evaluated using full scale installation damage testing in accordance with
ASTM D 3818,

¢ A soil organic content of 1% or less, and
e Aneffective design temperature at the site of 86°F (30°C) or less.

Other specific soil/environmental conditions that could be of concern to consider the site
P s X ", b
environment to be aggressive are discussed in Elias™,

The index properties/test results obtained can be related to long-term performance of the polymer
through correlation to longer-term laboratory durability performance tests and long-term
experience. Note that long-term durability performance testing in accordance with R69-15 and
the NTPEP work plan to allow direct calculation of RFp was not available from the
manufacturer, nor evaluated as part of the testing program for this product line.

For polyester (PET) geosynthetics, key durability issues to address include hydrolysis and
ultraviolet (UV) oxidative degradation. To assess the potential for these tvpes of degradation,
index property tests 1o assess molecular weight, carboxyl end group content, and ultraviolet (UV)
oxidative degradation are conducted. Criteria for test results obtained from each of these tests
are provided in R69-15 as well as the AASHTO LRFD Bridge Design Specifications.

The UV degradation tests were conducted on the lightest weight product in the product line
(2XT) as recommended in R69-15. Since UV degradation attacks from the surface of the
geosynthetic, the heavier the product, the more resistant it will be to UV degradation. Therefore,
UV testing the lightest weight product should produce the most conservative result.

The molecular weight and carboxyl end group content tests are conducted on the base vam for
the product series. Since for a product line the base yvam used must be the same for all products
in the line, these tests on the base varn will be applicable to all products in the product line.

* Elias, V., 2000, Corrosion/Degradation of Soil Reinforcements for Mechanically Stabitized Earth Walls and
Reinforced Sail Slopes, FHW A-NHI-09-087, Federal Highway Administration, Washington, .C.
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Table 6-1. Independent durability testing required for NTPEP qualification.

Manufacturer: TenCate Geosynthetics

PRODUCT Line: 2XT to 24XT

Qualification (every 9 vrs) / Verification (every 3 yrs)

Oxidative degradation (AASHTO R69-15)

Tests Conducted Products Tested # of Tests (see
Qualification Verification Netel)
All polymers, resistance to weathering @ 500 [
hrs (ASTM D4355), including before/after 2XT NA 1
tensile strength
For polyesters, molecular weight determination g :
(ASTMD4603 and GR-GGT) — on yarnfstrip|  Viregrd XT yam i 4
Tor polyesters, carboxyl end group content SR —
determmation (GRI-GGS8) - on yarn/strip Nismgad XTI ywn B .
CEG-MW Testing Coating Removal. if NA NA 0
necessary
Brittleness (AASHTO R69-13) NA NA 0
For polyolefins, long-term evaluation via NA NA 0
Oxidative degradation (ISO/EN 13438:1999) : ’
For polyesters, long-term evaluation via -
Hydrolytic degradation (AASHTO R69-15) e e 0
For polyolefins, long-term evaluation via NA NA 0

details on this.

Note 1: Each test is performed using the number of specimens required by the test standard. For example,
for index tensile testing, a test is defined 5 to 6 specimens. See the specific test procedures for

6.2 Durability Test Results

A summary of the test results is provided in Table 6-2. 'This table also includes the criteria to
allow the use of a default reduction factor for RFp provided in R69-15 and the AASHTO LRFD
Bridge Design Specifications. Detailed durability test results are provided in Appendix G.
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Table 6-2. NTPEP durability test results for the Miragrid XT geogrid product line and
criteria to allow use of a default value for RFp.

Test Result
Polymer 3 Criteria to Allow Use of Obtained as Part
Type | Tropert TN Default RE* of NTPEP
Program
PP and | UV Oxidation | ASTM D4355 Min, 70% strength retained NA
HDPE Resistance after 500 hrs in
weatherometer
PET UV Oxidation | ASTM 1D4355 Min. 50% strength retained 94% strength
Resistance after 500 hrs in retained
weatherometer if
ecosynthetic will be buried
within one week, 70% if left
exposed for more than one
week.
PP and | Thermo- ENV ISO 13438:1999, | Min. 50% strength retained NA
HDPE Onzidation Method A (PP) or B | after 28 days (PP) or 56 days
Resistance (IIDPE) (IIDPE)
PET Hydrolysis Inherent Viscosity | Min.  Number  Average 32783
Resistance Method (ASTM D4603 | Molecular Weight of 25.000
and GRI Test Method
GGS)
PET Hydrolysis GRI Test Method GG7 | Max. Carboxyl End Group 15.9
Resistance Content of 30

Note: PP = polypropylene, HDPE = high density polyethylene, PET = polyester

Based on these test results, all products in the product line meet the minimum UV requirement
shown in Table 6-2. Regarding hydrolysis resistance, these test results shown in Table 6-2
indicate that this product line has adequate long-term resistance to hvdrolysis to justify the use of
a default value for RFp, meeting the requirements in AASHTO R69-15.

Note that while no specific tests, other than installation damage, were conducted to evaluate the
durability of the coating, because the hydrolysis resistance characterization was determined based
on the base polymer, any potential coating degradation should have very little effect on the long-
term durability of the geogrid product and the default value of RFp selected. Tvpically, a default
value of 1.3 for RFp is selected. See AASHTO R69-15, or the document entitled “Use and
Application of NTPEP Geosynthetic Reinforcement Test Results™ (www.NTPEP.org), for
guidance on the selection of a default value for RFp.
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7.0 Low Strain Creep Stiffness Data

7.1 Low Strain Creep Stiffness Test Program

Creep stiffness testing was conducted in accordance with AASHTO R69-15 and the NTPEP
work plan. The creep stiffness determination was targeted to 2% strain at 1,000 hours.

Products selected to represent the XT product line (i.e., 2XT, 8XT, and 24XT) were tested for
creep stiffness. Roll specific single rib short-term rapid loading tensile strength tests (Tiy) were
conducted for each product for correlation purposes and to calculate load levels. A total of nine
Ramp and Hold (R&H), 1,000 second creep tests, were conducted on each product. Three
specimens were R&H tested at each of the following stresses: 5, 10 and 20% of the ultimate
tensile strength (UTS). A linear regression based on %UTS and %6 strain at 0.1 hour was used to
normalize strain curves to reduce the variability of the elastic portion of the strain curve. The %
UTS required to obtain 2% strain at 1,000 hours was then determined. Three R&H tests and two
1,000 hour conventional creep tests (ASTM D5262, but as modified for low strain in R69-15 and
using a single rib specimen) were conducted at this load. All tests were conducted at 68° F (20°
Q).

7.2 Ultimate Tensile Test Results for Creep Stiffness Test Program
The values provided in Table 7-1 represent the baseline, roll specific, ultimate tensile strength
used to normalize the load level for the creep stiffness testing. Sample specific geogrid

dimensions were used to convert tensile test loads to load per unit width values.

Table 7-1. Ultimate tensile strength (UTS) & associated strain.

T for Single Rib
Product _ i
(Ib/ft (@ % Strain)
2XT 2.753 @ 9.87%
8XT 8.636 (@ 13.4%
24XT 28.474 (@ 13.0%

(Conversion; 1 Ib/ft =0.0146 kKN/m)

7.3 Creep Stiffness Test Results

Detailed test results are provided in Appendix H. Table 7-2 provides a summary of the creep
stiffness values obtained. Note that the creep stiffness values at 1.000 hours and 5%UTS,
10%UTS and 20%UTS represent stiffness values at strains other than 2% strain. See Appendix
H for details. Figure 7-1 shows the relationship between the measured tensile strength and the
creep stiffness. Considering the strong linear relationship between the creep stiffness and the
product tensile strength, interpolation to other products in the product line not tested to determine
creep stiffness values for those products is acceptable.
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Table 7-2. Summary of creep stiftness test results.

Average Creep Average Creep Average Creep | Average Creep
Miragrid Stiffness (@ 1000 Stiftness @ 1000 stitfness @@ 1000 Stiffness for
XT Series hours for 5% hours for 10% hours for 20% 2% strain @)
Style TUTS Ramp & UTS Ramp & UTS Ramp & 1000 hrs
Hold (1b/ft) Hold (Ib/ft) Hold (Ib/ft) (1b/ft)
2XT 64,509 19.130 19.073 19,801
8XT 126,611 68,936 43.470 57,791
24XT 72,557 247,151 120,789 190,759
(Conversion: 1 Ib/ft =0.0146 KN/m)
250000 -
200000
£ 2457
£ ~
@ 150000
g
E
1)
g 100000 il
o y= 6.6609X + 94287
50000
sz‘/
0 T T T T T 1
0 5000 10000 15000 20000 25000 30000
Miragrid T (Ib/ft)

Figure 7-1. Miragrid XT creep stiffness for 2 % strain @ 1000 hours.

To obtain the minimum likely stiffness value for each product in consideration of the MARV
tensile strength, multiply the stifthess value from the plot by the ratio of Tyvarv/Tie. Tarary is the
minimum tensile strength, as provided by the manufacturer, for each product in the product line.
Tiae is the actual roll specific tensile strength for the sample used in the creep stiffness testing.
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Appendix B: Product Geometric and Production Details
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B.1 Product Geometric Information

Table B-1. Typical and measured MD geogrid geometry for the Miragrid XT product line.

Machine Direction (MD) Ribs
Style Width (in) Spacing (in) Aperture Size (in) | Rib Thickness (in)
As

E’}a[:.::l Me ﬂ:?red o .i’}ﬂl::.lceil Me n::red o '{’? nr:f eil Meaiu red {" ﬂl;::: :\:I Me a:t:’re d*
2XT N/A 0.098 N/A 1.126 0.875 0.840 N/A 0.054
3XT N/A 0.054 N/A 1.104 1.0 1.520 N/A 0.034
SXT N/A 0.193 N/A 1.107 1.2 1.573 N/A 0.057
TXT N/A 0.246 N/A 1.116 1.3 1.459 N/A 0.053
SXT N/A 0.271 N/A 1.080 1.3 1.573 N/A 0.050
10XT N/A 0.325 N/A 1.110 1:3 1.498 N/A 0.058
20T N/A 0.418 N/A 1.012 1.5 1.395 N/A 0.081
22XT N/A 0.460 N/A 0.969 1.4 1.404 N/A 0.092
24XT IN/A 0.569 N/A 1.009 1.4 1.403 N/A 0.086

(Conversions: 1in = 25.4 mm)
*Average of 5 readings obtained during NTPEP testing. Full test results in tables B-5 through B-13.

Table B-2. Typical and measured XD geogrid geometry for the Miragrid XT product line.

Cross-Machine Direction (XD) Ribs
Style Width (in) Spacing (in) Aperture Size (in) | Rib Thickness (in)
Typical As Typical As Typical As Typical As
Values | Measured” | Values | Measured® | Values | Measured* | Values | Measured®
2XT N/A 0.099 N/A 0.939 1.0 1.028 N/A 0.053
3XT N/A 0.110 N/A 1.630 1.0 0.950 N/A 0.055
SXT N/A 0.115 N/A 1.687 1.0 0914 N/A 0.044
TXT N/A 0.108 N/A 1.566 0.9 0.870 N/A 0.047
SXT N/A 0.101 N/A 1.674 0.9 0.809 N/A 0.053
10XT N/A 0.253 N/A 1.751 0.8 0.785 N/A 0.064
20XT N/A 0.263 N/A 1.658 0.6 0.594 N/A 0.053
22XT N/A 0.232 N/A 1.636 0.6 0.509 N/A 0.069
24XT N/A 0.229 N/A 1.632 0.5 0.439 N/A 0.062

{Conversions: 1 in = 25.4 mm)
*Average of 5 readings oblained during NTPEP testing. Full test results in tables B-5 through B-13.
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Table B-3. Typical and measured geogrid junction thickness for the Miragrid XT product

line.
Style Junction Thickness (in)

- Typical Values As Measured*
2XT Not tested 0.056
3XT Not tested 0.056
SXT Not tested 0.059
TXT Not tested 0.061
8XT Not tested 0.061
10XT Not tested 0.073
20XT Not tested 0.095
22XT Not tested 0.106
24XT Not tested 0.106

{Conversions: 1 in= 254 mm)
*Average of 5 readings obtained during NTPEP testing. Full test results in tables B-5 through B-13.

Table B-4, Typical and measured geogrid unit weight for the Miragrid XT product line.

4 . Measured Weight*,
Geogrid Style/T'ype T“'“":f ‘gif'g‘" per ASTM Dsgzsl
(O ¥ ) (Ozf‘rl.l 2)
AXT 7.50 6.52
3XT 8.17 6.51
SXT 9.00 8.69
BT 10.21 8.66
8XT 11.42 10.08
10XT 1431 12.82
20XT 22.12 19.03
22XT 30.50 2529
24XT 38.02 30.74

{Conversion: 1 oz/ yd* = 33.9 g/m®)
*Average ol 5 readings obtained during NTPEP testing. Full test results in tables B-3 through B-13.

i
i
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Table B-5. Geogrid geometric measurements for 2XT

STD.

PARAMETER TEST REPLICATE NUMBER MEAN _ DEV.
4 2 3 4 5
Mass/Unit Area (ASTM D 5261)
Specimen Width (in) .77
Specimen Length (in) T4
Mass(gh 8.02 8.28 & 823 8,23
Massiunit area (ozfsq.yd) 6.37 6.58 6.60 6.54 6.54 6.52 0.08
Mass/unit area (g/sg.meter) 218 223 224 222 22 221 3
, ———

Aperature Size (Calipers)
MD - Aperature Size (in) 0.963 0.790 0.836 0.868 0.845 0.540 ] 0.031
MD - Aperature Size (mm) 218 2041 21.2 220 215 21.3 0.8
TD - Aperature Size (in) 1.017 1.035 1.035 1.018 1.036 | 1.028 | 0.010
TO - Aperature Size (mm) 258 263 26.3 259 263 [ 261 | 02
Rib Width (Calipers)
MD - Width (in) 0.110 0.094 0.085 0.097 0.095 0.098 0.007
MD - Width (mm) 278 237 240 246 241 2.49 017
TO - Width (in) 0.102 0.106 0.100 0.094 0.095 0.005
TO - Width (mm) 258 268 2.54 237 4 | 252 | 012
Rib Thickness {Calipers)
MD - Thickness (in} 0.051 0.053 0.056 0.054 0.055 0.054 | 0.002
MD - Thickness (mm) 1.20 1.35 1.41 1.36 1.38 1.36 0.04
TO - Thickness (in) 0.053 0.049 0.054 0.060 0.049 0.053 | 0.005
TO - Thickness (mm) 133 123 126 1582 1.23 1.34 0.12
Node/Junction ‘Fhlckness (Calipers)
Thickness (in) 0.054 0.056 0.056 0.081 0.053 0.056 § 0.002
Thickness (mm) 1.37 1.4 1.42 155 1.35 0.08

MD - Machine Direction  TD - TransverseiCross Machine Direction MNP - Mot Provided

The testing herain |5 based upan accepled Industry practice as well as the test method llsted. Test results reported herein do not apply
lo samples other than those lested,
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Table B-6. Geogrid geometric measurements for 3XT

STD.

PARAMETER TEST REPLICATE NUMBER MEAN _ DEV.
4 2 3 4 5
Mass/Unit Area (ASTM D 5261)
Specimen Width (in) 7.81
Specimen Length (in) a
Mass(gh 8.88 9.26 2.27 9.03 9.23
Massiunit area (ozfsq.yd) 6.33 .60 6.60 6.43 6.57 6.51 0.12
Mass/unit area (g/sg.meter) 214 224 224 218 223 221 4
, ———

Aperature Size (Calipers)
MD - Aperature Size (in) 1.476 1.507 1.499 1.596 1.522 | 1.520 | 0.045
MD - Aperature Size (mm) 375 383 381 40.5 388 | 386 | 12
TD - Aperature Size (in) 0837 0.945 0.870 0.855 0.946 0.950 |} 0.013
TO - Aperature Size (mm) 238 240 248 242 240 241 ] 03
Rib Width (Calipers)
MD - Width (in) 0151 0.151 0.157 0.150 0.158 0.153 0.004
MD - Width (mm) 382 3.84 3.99 381 4.00 3.89 0.0
TO - Width (in) 0.108 0.105 0.107 0.115 0.116 [ 0110 | o.00s
TO - Width (mm) 274 267 271 292 293 9 0.12
Rib Thickness {Calipers)
MD - Thickness (in} 0.053 0.056 0.053 0.055 0.055 0.054 0.001
MD - Thickness (mm) 1.35 1.42 1.35 1.38 1.38 1.38 0.03
TD - Thickness (in) 0.047 0.048 0.067 0.057 0.059 0.055 0.008
TO - Thickness (mm) 1.18 122 169 145 1.50 1.41 0.1
Node/Junction ‘Fhlckness (Calipers)
Thickness (in) 0.057 0.057 0.054 0.058 0.053 0.056 § 0.002
Thickness (mm) 1.45 1.45 137 147 1.35 0.08

MD - Machine Direction  TD - TransverseiCross Machine Direction MNP - Mot Provided

The testing herain |5 based upan accepled Industry practice as well as the test method llsted. Test results reported herein do not apply
lo samples other than those lested,
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Table B-7. Geogrid geometric measurements for 5XT

STD.

PARAMETER TEST REPLICATE NUMBER MEAN _ DEV.
4 2 3 4 5

Mass/Unit Area (ASTM D 5261)
Specimen Width (in) 7.85
Specimen Length (in) 97
Mass{gy 1153 11.71 12,16 1203 12.06
Massiunit area (ozfsq.yd) £.42 8.55 8.88 878 8.80 0.18
Mass/unit area (g/sg.meter) 285 290 o 298 268 54 7
Aperature Size (Calipers)
MD - Aperature Size (in) 1.601 1.601 1.533 1.576 1.554 1.573 | 0.030
MD - Aperature Size (mm) 40.7 40.7 389 40.0 385 38.9 0.8
TD - Aperature Size (in) 0927 0817 0828 0.898 0.802 0.814 | 0.014
TO - Aperature Size (mm) 235 2x3 236 228 229 23.2 04
Rib Width (Calipers)
MD - Width (in) 0.186 0186 0.200 0.198 0.185 0.193 0.007
MD - Width (mm) 497 472 508 5.05 4.70 4.90 0.18
TO - Width (in) 0.126 0107 0.099 0.125 0.118 [ 0115 | 0012
TO - Width (mm) 320 271 2.51 3.16 2.98 | 291 | 030
Rib Thickness {Calipers)
MD - Thickness (in} 0.058 0.055 0.054 0.056 0.082 0.057 | 0.003
MD - Thickness (mm) 1.46 1.28 1.36 1.4 1.56 1.44 0.08
TO- Thickness (in) 0.047 0.043 0.054 0.040 0.036 0.044 0.007
TO - Thickness (mm) 1.18 1.08 126 1.02 0.20 1.11 017
Node/Junction ‘Fhlckness (Calipers)
Thickness (in) 0.058 0.080 0.059 0.057 0.082 0.059 | 0.002
Thickness (mm) 1.48 1.51 1.49 1.45 1.57 1.50 0.05

MD - Machine Direction  TD - TransverseiCross Machine Direction MNP - Mot Provided

The testing herain |s based upon accepted Indusiry practice as well as the test mefhod listed. Test results reported herein do not apply

lo samples other than those lested,
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Table B-8. Geogrid geometric measurements for 7XT

STD.

PARAMETER TEST REPLICATE NUMBER MEAN _ DEV.
4 2 3 4 5
Mass/Unit Area (ASTM D 5261)
Specimen Width (in) 7.86
Specimen Length (in) 798
Mass{gy 11.76 1212 11,69 11,89 11.99
Massiunit area (ozfsq.yd) 8.56 B.82 8.51 866 8.73 0.13
Mass/unit area (g/sg.meter) 280 299 289 204 266 G4 4
Aperature Size (Calipers)
o5 i -

MD - Aperature Size (in) 1.480 1.482 1.401 1.465 1.465 1.459 | 0.033
MD - Aperature Size (mm) 376 378 35.6 3.z 372 37.0 0.8
TD - Aperature Size (in) 0.866 0.885 0.851 0.878 0.870 0.870 |} 0.013
TO - Aperature Size (mm) 220 225 216 223 221 221 03
Rib Width (Calipers)
MD - Width (in) 0.245 0.245 0.249 0.248 0244 0.246 0.002
MD - Width (mm) 6.21 £6.21 6.31 6.30 6.18 6.24 0.06
TO - Width (in) 0.110 0.091 0.095 0.147 0.097 0.022
TO - Width (mm) 278 230 2.40 372 2.45 0.58
Rib Thickness {Calipers)
MD - Thickness (in} 0.051 0.050 0.051 0.057 0.057 0.053 | 0.003
MD - Thickness (mm) 1.20 1.27 1.28 1.44 1.44 1.34 0.08
TO - Thickness (in) 0.056 0.044 0.038 0.048 0.050 0.047 0.007
TO - Thickness (mm) 1.42 1.10 097 122 1.27 1.20 017
Node/Junction ‘Fhlckness (Calipers)
Thickness (in) 0.081 0.057 0.081 0.0685 0.084 0.081 0.003
Thickness (mm) 1.56 1.44 1.54 1.65 1.61 1.56 0.08

MD - Machine Direction  TD - TransverseiCross Machine Direction MNP - Mot Provided

The testing herain |5 based upan accepled Industry practice as well as the test method llsted. Test results reported herein do not apply
lo samples other than those lested,
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Table B-9. Geogrid geometric measurements for 8XT

STD.

PARAMETER TEST REPLICATE NUMBER MEAN _ DEV.
4 2 3 4 5

Mass/Unit Area (ASTM D 5261)
Specimen Width (in) T
Specimen Length (in) 798
Mass(gh 13.54 13,39 13,76 13.46 13.64 ’
Massiunit area (ozfsq.yd) 10.06 995 10.23 10.01 10.14 |_t1o.08 01
Mass/unit area (g/sg.meter) 341 337 347 339 344 4 4
Aperature Size (Calipers)
MD - Aperature Size (in) 1.406 1.663 1.642 1.532 1.625 1.573 | 0.108
MD - Aperature Size (mm) 357 42.2 a1.7 388 413 40.0 A
TD - Aperature Size (in) 0.674 0817 0.751 0.720 0.875 0.809 | 0.068
TO - Aperature Size (mm) 222 207 181 18.5 222 | 208 | 17
Rib Width (Calipers)
MD - Width (in) 0.266 0.272 0.276 0.271 0.269 0.271 0.004
MD - Width (mm) 6.74 £.90 7.00 5.88 6.83 6.87 0.0
TO - Width (in) 0.096 0.096 0.120 0.096 0.096 0.101 0.011
TO - Width (mm) 243 2.44 3.05 244 2.44 2.56 0.7
Rib Thickness {Calipers)
MD - Thickness (in} 0.051 0.053 0.048 0.048 0.050 0.050 § 0.002
MD - Thickness (mm) 1.20 1.33 1.22 122 1.27 1.27 0.05
TO - Thickness (in) 0.082 0.057 0.045 0.054 0.047 0.053 | 0.007
TO - Thickness (mm) 1.56 1.44 1.14 1.36 1.18 1.34 0.18
Node/Junction ‘Fhlckness (Calipers)
Thickness (in) 0.081 0.061 0.081 0.062 0.083 0.081 0.001
Thickness (mm) 1.54 1.55 1.54 1.57 1.60 1.56 0.03

MD - Machine Direction  TD - TransverseiCross Machine Direction MNP - Mot Provided

The testing herain |5 based upan accepled Industry practice as well as the test method llsted. Test results reported herein do not apply
lo samples other than those lested,
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Table B-10. Geogrid geometric measurements for 10XT

STD.

PARAMETER TEST REPLICATE NUMBER MEAN _ DEV.
4 2 3 4 5
Mass/Unit Area (ASTM D 5261)
Specimen Width (in) 7.79
Specimen Length (in) 8.01
Mass(gh 17.63 17.58 17.45 17.55 17.34
Massiunit area (ozfsq.yd) 12.80 12.87 1277 12.85 1268 12.82 0.08
Mass/unit area (g/sg.meter) 437 436 433 435 430 434 3
Aperature Size (Calipers)
MD - Aperature Size (in) 1.511 1.507 1.457 1.443 1.572 1.498 | 0.051
MD - Aperature Size (mm) 28.4 383 7.0 36.7 389 | 380 | 13
TD - Aperature Size (in) 0.813 0.774 0.772 0.812 0752 0.785 |} 0.027
TO - Aperature Size (mm) 207 18.6 186 2086 191 198 | o7
Rib Width (Calipers)
MD - Width (in) 0.328 0.329 0.321 0.322 0.327 0.325 0.004
e
MD - Width (mm) 812 8.36 814 8.20 8.31 8.27 0.0
—

TO - Width (in) 0.094 0.875 0.088 0.093 0.104 0.253 0.248
TO - Width (mm) 238 2223 249 2.36 2.64 6.42 8.84
Rib Thickness {Calipers)
MD - Thickness (in} 0.058 0.061 0.057 0.054 0.060 0.058 | 0.003
MD - Thickness (mm) 1.46 1.54 1.44 1.37 1.52 1.47 0.07
TD - Thickness (in) 0.061 0.068 0.05% 0.065 0.067 0.064 0.004
TO - Thickness (mm) 155 173 1.50 1.64 1.69 1.62 0.10
Node/Junction ‘Fhlckness (Calipers)
Thickness (in) 0.075 0.074 0.073 0.070 0.075 0.073 | 0.002
Thickness (mm) 1.89 1.88 1.84 178 1.89 | 186 | o005

MD - Machine Direction  TD - TransverseiCross Machine Direction MNP - Mot Provided

The testing herain |5 based upan accepled Industry practice as well as the test method llsted. Test results reported herein do not apply
lo samples other than those lested,
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Table B-11. Geogrid geometric measurements for 20XT

STD.

PARAMETER TEST REPLICATE NUMBER MEAN _ DEV.
4 2 3 4 5
Mass/Unit Area (ASTM D 5261)
Specimen Width (in) 883
Specimen Length (in) 9.22
Mass(gh 35.27 35,35 3312 3524 3251
Massiunit area (ozfsq.yd) 18.57 18.61 18.37 18.55 18.03 18.03 0.76
Mass/unit area (g/sg.meter) 663 665 623 663 611 645 26
 —

Aperature Size (Calipers)
MD - Aperature Size (in) 1.451 1.372 1.350 1.384 1.420 1.385 | 0.040
MD - Aperature Size (mm) 368 348 343 351 36.1 35.4 1.0
TD - Aperature Size (in) Q.51 0.586 0.597 0.610 0.586 0.584 | 0.010
TO - Aperature Size (mm) 15.0 14.9 15.2 155 149 151 ] 02
Rib Width (Calipers)
MD - Width (in) 0.430 0.356 0416 0.288 0.4560 0.418 0.028
MD - Width (mm) 10.91 10.05 10.55 9.86 11.67 10.61 073
TO - Width (in) 0.245 0.253 0.242 0.330 0.247 0.263 0.038
TO - Width (mm) 6.22 643 6.13 8.38 6.26 6.69 0.95
Rib Thickness {Calipers)
MD - Thickness (in} 0.084 0.080 0.079 0.072 0.091 0.081 0.007
MD - Thickness (mm) 212 202 2.0 1.82 2.1 2.06 0.18
TO- Thickness (in) 0.048 0.063 0.088 0.041 0.047 0.053 | 0.011
TO - Thickness (mm) 122 1.59 171 1.04 1.18 1.35 028
Node/Junction ‘Fhlckness (Calipers)
Thickness (in) 0.098 0.100 0.093 0.081 0.085 0.095 | 0.002
Thickness (mm) 243 254 2.35 2.3 2.40 241 0.08

MD - Machine Direction  TD - TransverseiCross Machine Direction MNP - Mot Provided

The testing herain |5 based upan accepled Industry practice as well as the test method llsted. Test results reported herein do not apply
lo samples other than those lested,
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Table B-12. Geogrid geometric measurements for 22XT

STD.

PARAMETER TEST REPLICATE NUMBER MEAN _ DEV.
4 2 3 4 5

Mass/Unit Area (ASTM D 5261)
Specimen Width (in) 883
Specimen Length (in) a2
Mass(gh 44.77 46,08 45.08 4512 46.65
Massiunit area (ozfsq.yd) 24.86 2559 2503 2506 2591 | 2529 | 0.44
Mass/unit area (g/sg.meter) 843 868 849 849 878 | 857 | 15
Aperature Size (Calipers)
MD - Aperature Size (in) 1.431 1.341 1.492 1.320 1.436 1.404 0.071
MD - Aperature Size (mm) 36.3 3441 7.8 335 365 35.7 18
TD - Aperature Size (in) 0.508 0.503 0.510 0.502 0.526 0.509 |} 0.010
TO - Aperature Size (mm) 128 12.8 13.0 2.7 133 128 | 02
Rib Width (Calipers)
MD - Width (in) 0.438 0.457 0.456 0.485 0.466 0.460 0.017
MD - Width (mm) 11.13 11.60 1157 12.32 11.82 11.69 043
TO - Width (in) 0.228 0.232 0235 0.231 0.235 0.232 0.003
TO - Width (mm) 578 5.88 597 5.85 5.96 5.89 0.08
Rib Thickness {Calipers)
MD - Thickness (in} 0.100 0.100 0.082 0.084 0.094 0.092 | 0.009
MD - Thickness (mm) 254 254 2.08 212 2.37 2.33 0.22
TO- Thickness (in) 0.080 0.075 0.069 0.064 0.060 0.069 | 0.008
TO - Thickness (mm) 202 19 174 1.61 1.51 1.76 0.1
Node/Junction ‘Fhlckness (Calipers)
Thickness (in) 0110 0.099 0109 0.108 0.103 0.106 § 0.005
Thickness (mm) 278 251 2.77 273 2,60 2.68 012

MD - Machine Direction  TD - TransverseiCross Machine Direction MNP - Mot Provided

The testing herain |5 based upan accepled Industry practice as well as the test method llsted. Test results reported herein do not apply
lo samples other than those lested,
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Table B-13. Geogrid geometric measurements for 24XT

STD.
PARAMETER TEST REPLICATE NUMBER MEAN _ DEV.
4 2 3 4 5
Mass/Unit Area (ASTM D 5261)
Specimen Width (in) ag2
Specimen Length (in) 91
Mass(gh 55,96 53.70 54.08 56.48 52.93
Massiunit area (ozfsq.yd) 3148 30.22 3043 3178 2978 30.74 0.88
Mass/unit area (g/sg.meter) 1067 1024 1032 1077 1010 1042 29
 ———
Aperature Size (Calipers)
o5 i N G
MD - Aperature Size (in) 1.420 1.342 1.485 1.327 1.441 1.403 | 0.067
MD - Aperature Size (mm) 361 3441 T AT 368 35.8 17
TD - Aperature Size (in) 0.388 0.443 0.438 0.502 0.427 0.439 |} 0.041
TO - Aperature Size (mm) 949 11.2 111 12.8 108 1.2 ] 10
Rib Width (Calipers)
MD - Width (in) 0.576 0.557 0.571 0.558 0.586 0.569 0.012
e
MD - Width (mm) 14.62 14.14 14.49 1417 14.88 14.46 0.3
TO - Width (in) 0241 0.233 0.229 0.238 0.206 [ 0229 | 0014
TO - Width (mm) 6.11 591 5.80 6.05 5.22 | 582 | 035
Rib Thickness {Calipers)
MD - Thickness (in} 0.0e3 0.087 0.081 0.031 0.089 0.086 | 0.004
MD - Thickness (mm) 210 2 2086 230 2.26 218 0.10
TO - Thickness (in) 0.058 0.063 0.061 0.068 0.059 0.062 | 0.004
TO - Thickness (mm) 1.47 1.60 1.55 11 1.50 1.57 0.10
Node/Junction ‘Fhlckness (Calipers)
Thickness (in) 0110 0.107 0.097 0.103 0.116 0.106 § 0.007
Thickness (mm) 279 271 246 262 293 2.70 0.18

MD - Machine Direction  TD - TransverseiCross Machine Direction MNP - Mot Provided

The testing herain |5 based upan accepled Industry practice as well as the test method llsted. Test results reported herein do not apply
lo samples other than those lested,
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B.2 Product Production Information

Table B-14. Typical geogrid roll dimensions for the Miragrid X'T product line.

" o Width Length Area Roll Diameter | Gross weight

i (1) (0 ) () (Ibs)
2XT 12 150 200 12.0 121
IXT 6/12 150 100/ 200 123/11.7 1527295
5XT 6/12 150 100 / 200 11.8 168 /333
TXT 12 200 266 13.2 437
EXT 6/12 150 /200 | 100/ 266 136/13.2 196 / 494
10XT 12 200 266 14.1 589
20XT 12 200 266 14.7 675
22XT 12 200 266 15.5 913
24XT 12 200 266 16.5 966

(Conversions: 1 ft = 0.3048 m; 1 yd* = 0.836 m’)

B.3 Product Manufacturing Quality Control Program

Testing/sampling is done per the Miragrid Quality Control Plan Document. A summary of the
program is provided in Table B-15,

Table B-15. Typical summary of quality control testing conducted by the manufacturer for
the Miragrid XT product line.

Test Method Property Testing Frequency
ASTM D 5261 Mass / Unit Area Per LOT
(every 10,000 SY to 15,000 8Y)
ASTM D6637 Single Rib Tensile Per LOT
(every 10,000 8Y to 15.000 8Y)
ASTM D6637 Multi-Rib Tensile Per LOT
(every 10,000 8Y to 15.000 8Y)
Hand measure Aperture Size Bi-Annually
Hand measure Width Per LOT
GRI-GG2 Junction Strength Bi-Annually or change in product knit
construction
GRLGGT CEG Bi-Allmually or change in PET fiber
LOT/Merge
. s Bi-Annually or change in PET fiber
GRI-GGS8 MW LOT/Merge
B-13
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Table B-16. Typical production lot size for the Miragrid XT product line.

Style/Type Lot Size de) # of rolls per Lot
2XT 14.040 70
3XT 14,040 70
5XT 14.040 70
TXT 14,040 70
8XT 14,040 70
10XT 14,040 70

20XT 14.040 70

22XT 14.040 70

24XT 14.040 70
B-14
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Appendix C: Tensile Strength Detailed Test Results

C-1
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Table C-1. Geogrid single rib tensile test results for 2XT

STD.
PARAMETER TEST REPLICATE NUMBER MEAN  DEV. MARV
1 2 3 4 5
Single Rib Tensile Properties (ASTM D 6637, Mathod A)
MD - Number of Ribs per foot: 10.80
MD Maximum Strength {Ibs) 2557 2530 2565 2591 2504 254.9 33
MD Maximum Strength (Ibs/t) 2762 2732 2770 2798 2704 2753 35 2,000
MD Maximum Strength (kNim) 4032 399 404 409 395 40.2 05
MD Ereak Elongation {%) 9.83 991 9.88 9895 9.66 9.87 013

MD - Machine Direction  TD - Transverse/Cross Machine Direction NP - Mot Provided

The testing herein is based upon accepted industry practice as well as the test methed listed. Test results reported herein do not apply
to samples other than those tested.
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Table C-2. Geogrid single rib tensile test results for 8XT

REGEC-2016-01-[TenCate-Miragrid XT]

STD.
PARAMETER TEST REPLICATE NUMBER MEAN DEV. MARV
1 2 3 a 5
Single Rib Tensile Properties (ASTM D 6637, Mathod A)
MD - Number of Ribs per foot: 10.91
MD Maximum Strength (Ibs) 7871 7987 7688 8084 7966 7919 | 150
MD Maximum Strength (bs#it) 8583 8710 8384 8816 8687 8636 | 163 7,400
MD Maximum Strength (kN#n) 1253 1272 1224 1287 1268 1261 | 24
MD Break Elongation (%) 131 130 130 143 135 06

MD - Machine Dirsction

TD - Transverse/Cross Machine Direction

NP - Mot Provided

The testing herein is based upon accepted industry practice as well as the test methed listed. Test results reported herein do not apply

to samples other than those tested.
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Table C-3. Geogrid single rib tensile test results for 24XT

STD.
PARAMETER TEST REPLICATE NUMBER MEAN DEV. MARV
1 2 3 a 5
Single Rib Tensile Properties (ASTM D 6637, Mathod A)
MD - Number of Ribs per foot: 12.10
MD Maximum Strength (Ibs) 2413 2301 2305 2329 2418 2353 58
MD Maximum Strength (bs#it) 29200 27842 27889 28177 29261 28474 | 703 27415
MD Maximum Strength (kN#n) 4263 4065 4072 4114 4272 a157 | 103
MD Break Elongation (%) 128 145 1256 126 126 08

MD - Machine Direction  TD - Transverse/Cross Machine Direction NP - Mot Provided

The testing herein is based upon accepted industry practice as well as the test methed listed. Test results reported herein do not apply
to samples other than those tested.
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Table C-4. Geogrid wide width tensile test results for 2XT

REGEC-2016-01-{TenCate-Miragrid XT]

STD.
PARAMETER TEST REPLICATE NUMBER MEAN DEV. MARV
1 2 3 4 5
Wide Width Tensile Properties (ASTM D 6637, Method B)
MD Mumber of Ribs per Specimen: 7
MD Number of Ribs per foot: 10.80
MD Ultimate Strength (Ibs) 1771 1743 1721 1764 1782 1756
MD Ultimate Strength (Ibsfft) 2733 2688 2655 2722 2748 [ 2710 | 2,000
MD Ultimate Strength (kN/m) 399 393 388 397 4041 |_39.6 |
MD Strength @ 2% Strain (lbs) 440 433 436 425 422
MD Strength @ 2% Strain (lbs/ft) 680 667 672 656 651
MD Strength @ 2% Strain (kN/m) 2.9 9.7 9.8 9.6 9.5
MD Strength @ 5% Strain (Ibs) 956 963 963 935 933
MD Strength @ 5% Strain (lbs/ft) 1474 1486 1486 1443 1440
MD Strength @ 5% Strain (kN/m) 21 217 257 214 21.0
MD Break Elongation (%) 917 9.08 8.88 928 9.23

MD - Machine Direction  TD - Transverse/Cross Machine Direction

NP - Not Provided

The testing harain Is based upon accepted industry practice as well as the test method listed. Test results reported herein do notapply

to samples other than those tested.
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Table C-5. Geogrid wide width tensile test results for 8XT

REGEC-2016-01-{TenCate-Miragrid XT]

STD.
PARAMETER TEST REPLICATE NUMBER MEAN DEV. MARV
1 2 3 4 5
Wide Width Tensile Properties (ASTM D 6637, Method B)
MD Number of Ribs per Specimen: 7
MD Number of Ribs per foot: 10.91
MD Ultimate Strength (Ibs) 5584 5564 5389 5274 5418 5448 129
MD Ultimate Strength (Ibsit) 8685 8668 8395 &217 £440 8484 201 7,400
MD Ultimate Strength (kN/m) 1270 1266 1226 1200 1232 123.9 29
MD Strength @ 2% Strain (lbs) 1118 1123 1132 1135 1129 1128 7
MD Strength @ 2% Strain (lbs/ft) 1744 1748 1764 1768 1759 1757 10
MD Strength @ 2% Strain (kN/m) 255 256 258 258 257 25.6 02
MD Strength @ 5% Strain (Ibs) 1964 1971 1987 1993 1965 1976 13
MD Strength @ 5% Strain (lbs/ft) 3069 3070 3096 3104 3061 3078 21
MD Strength @ 5% Strain (kN/m) 44.7 44.8 452 453 44.7 44.9 03
MD Strength @ 10% Strain (lbs) 4472 4436 4429 4408 4447 4432 25
MD Strength @ 10% Strain {Ibs/ft) G967 6911 6899 G866 €8st 6905 ]
MD Strenath @ 10% Strain (kN/m) 1017 1009 100.7 100.2 1005 100.8 0.6
MD Break Elongation (%) 13.2 135 127 12.4 133 13.0 0.4

WD - Machine Direction 1D - Transverse/Cross Machine Direction

NE - Nt Provided

The tasting herain is based upon accepted industry practice as well as the test method listed. Test results reported herein do notapply

to samples other than these tested.
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Table C-8. Geogrid wide width tensile test results for 24XT

STD.
PARAMETER TEST REPLICATE NUMBER MEAN DEV. MARV
1 2 3 1 5
Wide Width Tensile Properties (ASTM D 6637, Method B)
MD Number of Ribs per Specimen: 8
MD Number of Ribs per foot: 12.10
MD Ultimate Strength (Ibs) 21182 20833 21277 20917 15736 20789 616
MD Ultimate Strength (Ibsit) 32038 31510 32182 31636 20851 31443 932 27 415
MD Ultimate Strength (kh/m) 4678 4600 4699 4619 4358 459.1 | 136
MD Strength @ 2% Strain (bs) 3519 3506 3618 3621 3656 3602 | 51
MD Strength @ 2% Strain (lbs/ft) 5322 5439 5471 5477 5528 5448 T
MD Strength @ 2% Strain (kN/m) 777 794 799 800 807 785 | 1.1
MD Strength @ 5% Strain (Ibs} 5500 5506 5592 5608 5707 73
MD Strength @ 5% Strain (Ibs/ft) 8319 8464 8458 8482 8632 ER
MD Strength @ 5% Strain (kN/m) 1215 1236 1235 1238 1260 16
MD Strangth @ 10% Strain (Ibs) 11763 12043 12311 12107 12477 12140 272
MD Strength @ 10% Strain (lbs/ty 17792 18214 18621 18312 18871 18362 | 411
MD Strength @ 10% Strain (KN/m) 2508 2659 2719 2674 2755 268.1 | 6.0
MD Break Elongation (%) 162 151 155 153 158 0.4

WD - Machine Direction 1D - Transverse/Cross Machine Direction . NE - Not Provided

The tasting herain is based upon accepted industry practice as well as the test method listed. Test results reported herein do notapply
to samples other than these tested.
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Figure C-1. Geogrid tensile test load-strain curve for 2XT
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REGEO-2016-01-[TenCate-Miragnd XT]
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Figure C-2. Geogrid tensile test load-strain curve for 8XT
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Figure C-3. Geogrid tensile test load-strain curve for 24 XT
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Appendix D: Installation Damage Detailed Test Results

D-1
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Table D-1. Installation damage wide width tensile test results for TenCate Miragrid 2XT geogrid, scil gradation 1.
Installation damage testing (ASTM D5B1E, as modified in AASHTO RE6S-15).
Wide wide tensile testing (ASTM D8637, Method B).

Machine Direction _
Ribs per | Number | Maximum Maximumluaximumigmtiur Load Load Load Lead Load Load load Load Load
Sample Speci Foot | of Ribs | Lead Load Load |@Break] @2% | @2% | @2% | @5% | @5% | @5% | @10% | @10% | @10%
|dentification Mumbee | Width | Tested | [Ibs) | (ibsife) | (kNim) | (%) I (lbsfit) | (kNIm] Ibs {Ibsift) | (kNim] Ibs Ik (KNIm}
1 10.80 7 1771 733 389 9.17 440 580 9.92 856 1474 21.5
T 2 ﬂ.&ﬂ 7 1743 26589 383 9.08 433 67 9.74 963 1456 1T
Baseline 3 | 1080 7 1T 65 3L .88 438 g2 82 963 14 N7
4 | 1080 7 1764 | 0722 17 28 a2 656 .58 935 14 211
5 | 1080 7 1782 | 2749 101 .33 422 €51 51 933 14 2.0
Average 1736 | 2710 B 9.14 43 BES 971 850 1466 214
Standard Deviation 24.4 376 055 0.18 1.5 116 0.17 14.7 27 0.33
% COV 138 1.39 T3 | 168 1.75 1.75 1,78 1,55 1.55 1,55
Machine Direction _
Ribs per | Mumber Maximum( Maximum] b Emlior Load Load Load Load Load Load Load Load Load

Sample  [Specimer{ Fost | ofRbs | Load | Load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% [@0%| @10% | @10%

idznification huymbas Wuin Tested | (Ibs) {luar] (ki) | (% I ﬂt_] (kN.'_mJ Ibs (Ibsitt) | [kNim) Ibs (lbsite) (khim)
1| 1080 7 il 1112 16.2 349 185 E08 850
T 2 | 1080 7 718 108 .2 08 2 4% 7.3 601 37 i5
installed in 3 | 1080 7 825 273 1] 00 | %3 | =& 8.1 #25 1273 3.8
Gradation 1 4 | 1080 7 717 106 ¥ .78 X 257 8.1 628 565 4.1
{Coarse Gravel) -1 10.80 7 800 1234 18.0 617 376 SE0 B.47 Bg8 1078 15,7
6 | 1080 7 981 1529 23 643 378 563 6.51 756 169 17.1
7 [1040 7 914 1410 0.6 482 424 €54 55
8 | 1080 T 883 | 1532 04 536 [FH 651 51 7 415 207
9 | 1080 T 1021 575 3.0 547 389 E1E 5 1 406 205
10 | 10.80 7 1021 575 .0 61 404 523 .10 14 456 213
Average 872 1345 196 557 364 563 65 785 1212 17.7
Stendard Deviation 130.3 201 284 081 | 3132 | 432 71 1346 | 2077 | 3.08
% COV 14.95 14.95 14.95 14.56 8.15 815 .15 17.14 17.14 17.14

Fercent Retained T [ #57 | 457 ] 7 | &0& | @ail | @a1 | ear | &7 | 827 | 627 | T T |
RFid [ [ 201 | 201 | 200 1 | ] 1

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,
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Table D-2. Installation damage wide width tensile fest resulis for TenCate Miragrid 2XT geogrid, 57 stone.
Installation damage testing (ASTM D5E1E, as modified in AASHTO RE6S-15).
Wide wide tensile testing (ASTM D837, Method B).

Machine Direction _
Ribs per | Number | Maximum Maximumluaximumigmtiur Load Load Load Lead Load Load load Load Load
Sample Speci Foot | of Ribs | Lead Load Load |@Break] @2% | @2% | @2% | @5% | @5% | @5% | @10% | @10% | @10%
|dentification Mumbee | Width | Tested | [Ibs) | (ibsife) | (kNim) | (%) I (lbsfit) | (kNIm] Ibs {Ibsift) | (kNim] Ibs Ik (KNIm}
1 10.80 7 1771 733 389 9.17 440 580 9.92 856 1474 21.5
T 2 ﬂ.&ﬂ 7 1743 26589 383 9.08 433 67 9.74 963 1456 1T
Baseline 3 | 1080 7 1T 65 3L .88 438 g2 82 963 14 N7
4 | 1080 7 1764 | 0722 17 28 425 656 .58 935 14 211
5 | 1080 7 1782 | 2749 101 .33 422 €51 51 933 14 2.0
Average 1736 | 2710 B 9.14 43 BES 971 850 1466 214
Standard Deviation 24.4 376 055 0.18 1.5 116 0.17 14.7 27 0.33
% COV 138 1.39 T3 | 168 1.75 1.75 1,78 1,55 1.55 1,55
Machine Direction _
Ribs per | Mumber Maximum( Maximum] b Emlior Load Load Load Load Load Load Load Load Load

Sample  [Specimer{ Fost | ofRbs | Load | Load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% [@0%| @10% | @10%

icerttication | Numoer | \width | Tested | (bs) | (bsity | (uwm) | (% bs | (st | gowm) | s | s | ) | bs | gbeity | ikim)
T | 080 | 7 | 16 | 193 | 256 | B82 | 40 | & | 801 | a7 | 138 | 200
T 2 | 10480 7 R E] 2 T80 388 B T4 882 3 18.4
installed in 3 [080 | 7 | 11 | 21 3 [ &0 | 390 | ez | 8y | 851 | 13 2
57 Stone 4 [A080 | 7 | ioap | ibis | 236 | 673 | 394 | eoe | Bee | e | 13 T
5 [A080 | 7 | 295 | 1998 | w2 | 7Tev | sez | eos | Bes | eer | 13 | 195
6 [ 1080 | 7 | 14 | 2 | ie | rar | %t | e | 62 2| 1361 | 199
7 [ 1040 7 1058 | 1648 241 24 n 82 49 852 13 2
8 [doa0 | 7 | 120 | ivzs | 52 68 | b4 | 55z | 665 | o4s | 13 0
9 [wm | 7 816 | 1418 | 207 | 655 | %60 | 5% | 811 | 764 | 12 1
10 [ 1080 | 7 | 182 | 14 | a6 | s08 | 3Bs | se4 | ser | &9 | 13 )
Ruerege 706 | iee1 | 272 | 72 | see | S5 | Bes | ee6 | 13:4 | 193
Stendard Deviation 1649 | 254 | 371 | 067 | 1054 | 1686 | 025 | 297 | 458 | 0br
%OV 7567 | 1367 | 1367 | 936 | 284 | 284 | 284 | 346 | 346 | 348

Percant Retained
RFid

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,
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Table D-3. Installation damage wide width tensile test results for TenCate Miragrid 2XT geogrid, scil gradation 2.
Installation damage testing (ASTM D5B1E, as modified in AASHTO RE6S-15).
Wide wide tensile testing (ASTM D8637, Method B).

Machine Direction _
Ribs per | Number | Maximum Maximumluaximumigmtiur Load Load Load Lead Load Load load Load Load
Sample Speci Foot | of Ribs | Lead Load Load |@Break] @2% | @2% | @2% | @5% | @5% | @5% | @10% | @10% | @10%
|dentification Mumbee | Width | Tested | [Ibs) | (ibsife) | (kNim) | (%) I (lbsfit) | (kNIm] Ibs {Ibsift) | (kNim] Ibs Ik (KNIm}
1 10.80 7 1771 733 389 9.17 440 580 9.92 856 1474 21.5
T 2 ﬂ.&ﬂ 7 1743 26589 383 9.08 433 67 9.74 963 1456 1T
Baseline 3 | 1080 7 1T 65 3L .88 438 g2 82 963 14 N7
4 | 1080 7 1764 | 0722 17 28 425 656 .58 935 14 211
5 | 1080 7 1782 | 2749 101 .33 422 €51 51 933 14 2.0
Average 1736 | 2710 B 9.14 43 BES 971 850 1466 214
Standard Deviation 24.4 376 055 0.18 1.5 116 0.17 14.7 27 0.33
% COV 138 1.39 T3 | 168 1.75 1.75 1,78 1,55 1.55 1,55
Machine Direction _
Ribs per | Mumber Maximum( Maximum] b Emlior Load Load Load Load Load Load Load Load Load

Sample  [Specimer{ Fost | ofRbs | Load | Load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% [@0%| @10% | @10%

idznification hlumbar WULH Tested le_S} (lbstfe) | (knim) %) II:E (lkst) | (kNim) L:s (lbsift) | (kNim] |bs (lbsite) (ki)

T 1080 | 7 | 1631 | 2547 | 32 | BAT | 419 | e | 944 | 831 | 14 | 210
T 2 | fo@0 | 7 | desr | % | @ 5 | a1 | 6% | 9% 7 § | 207
installed in 3 [0 | 7 | e | mm | % 77 | w1 | em | e 1 0 [ 203
Gradation 2 4 [fo@0 | 7 | fers | %80 | a7 | 676 | 414 | 6% | 4% 1 g | 205
{Sandy Gravel) -1 10.80 7 1674 2583 T B.88 401 518 8.03 918 1418 0.7
6 [ 1080 | 7 | vese | 260 | ar4 | 876 | or4 | 517 | 642 | s | 1963 | 199

7 |98 | 7 | tess | 261 2 | 964 | w6 | &1 | 8w | s | 17 | @0

8 | 1080 | 7 | tes4 | 2s5c | 313 | 6as | a6 | ez | 837 | o6 | 1401 | 20

9 | 1080 | 7 | fer4 | 253 | 317 | 67 | #o7 | e | 817 | o4 | 1395 | 20.
10 [ 1080 | 7 | s | oeon | 38> | 833 | eo7 | e | oq7 | @e | 1409 | 209
Rverage 671 | 2506 | 36 | Bes | aoa | ess | o08 | oo | ians | 303
Siendard Deviation W1 | 31 | o045 | 07 | ta71 | an | 031 | Ty | 212 [ o
% COV 120 1.20 1.20 .06 3.40 340 .40 3 1.51 1.51

Percant Retained
RFid

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,
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Table D-8. Insallation damage wide width tensile test results for TenCate Miragrid 2XT geogrid, scil gradation 3.
Installation damage testing (ASTM D5B1E, as modified in AASHTO RE6S-15).
Wide wide tensile testing (ASTM D8637, Method B).

Machine Direction _
Ribs per | Number | Maximum Maximumluaximumigmtiur Load Load Load Lead Load Load load Load Load
Sample 5 pecil Foot | ofRis | Lead | load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% [@0n| @10% | @1w0%
Identfication | Mumosse | Width | Tested | (be) | (es®) | otm) | () s | test) | (i) | s | (bst) | (kMim | bs (baif) | (kNim)
1 10.80 7 1771 733 389 9.2 440 580 9.92 856 1474 21.5
T 2 J.&G 7 1743 26589 383 8.1 433 67 9.74 963 1456 1T
Baseling 3 | 1080 i 1T 535 Wé ] 436 €72 82 963 14 N7
4 | 1080 7 1764 | 272 | 37 i 425 8% E] 835 14 211
5 | 1080 7 1782 | 2749 101 ¥] 422 €51 51 933 14 2.0
Auerage 1756 i 3.6 41 431 BES 9.7 850 1466 2.4
Standard Deviation 24.4 376 055 0.18 1.5 116 0.17 14.7 27 0.33
% COV 138 1.39 T3 | 168 1.75 1.75 1,78 1.55 1.55 1,55
Machine Direction _
Ribs per | Mumber (Maimum| Maximur| Ma Emlior Load Load Load Load Load Load Load Load Load
Sample Specimery Foot | of Rks | Lead Load Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% | @10% | @10% | @10%
idznification huymbas Wuin Tested rln_sz {IDQ‘E] (KNI} &L I M} (kN.'_mL_Ihs_ _erm (kNIm] Ibs (lbsite) (khim)
1 L1040 7 1607 479 2 59 3654 582 65 73 1347 18.7
T 2 | 10480 7 1577 433 %5 43 a2 574 .38 75 35 187
installed in 3 | 1080 7 1601 2470 6.1 .52 387 a7 .72 90 ar. 2
Gradation 3 4 | 1080 7 1629 513 36.7 .89 362 558 .15 836 32 .
[Sand) -1 10.80 7 1445 229 325 604 335 N7 1.85 828 1278 18.7
6 | 1080 7 1681 2584 38 6.36 356 B .63 854 1364 18.9
7 [ 1080 7 1653 2350 72 74 6 &n 92 804 39 204
8 [ o8| 7 1633 | 2318 | 3.8 80| el | et 03 | 808 | 1401 | 203
9 | 1080 T 1638 50 B2 .11 385 £le 20 [ 3 20.
10 | 10.80 7 1640 2530 369 60 409 B3 .21 414 410 20.6
Averege 1616 2434 3.4 65 33 560 62 883 1363 14.9
Standard Deviation 70.3 108 | 158 30 | 2161 | 3335 45 261 403 0.59
% COV 4335 4.35 4.35 .44 565 565 .65 296 296 245
Fercent Retained T T [ o0 | 620 | %0 | 046 | BA7 | @#87 | 867 | B30 | &30 | 930 | T T 1
I RFid | | [ 1es 1.08 1.08 | 1 | 1

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,
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Table D-5. Installation damage wide width tensile test results for TenCate Miragrid 3XT geogrid, scil gradation 1.
Installation damage testing (ASTM D5B1E, as modified in AASHTO RE6S-15).
Wide wide tensile testing (ASTM D8637, Method B).

Machine Direction _
Ribs per | Number | Maximum Maximumluaximumigmtiur Load Load Load Lead Load Load load Load Load

Sample 5 pecil Foot | ofRis | Lead | load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% [@0n| @10% | @1w0%
\dentfication | Mumoze | Width | Tested | (bs) | (b | ot | (%) s | test) | (i) | s | (bsit) | (kMimp | bs (baif) | (kNim)

1 10.75 7 2457 3773 5.1 891 585 868 13.12 1185 1820 26.6

KT 2 10.75 7 2428 FIF] 44 691 562 854 13.05 1182 1815 26.5

Baseling 3 ki 7 T 3B 355 07 570 gk 278 11 1786 | 261

4 ki 7 2520 | 3870 %5 .29 582 S 13.27 | 1140 1812 | 265

5 .7 7 M7 3201 5.5 .08 se7 1 1338 | 1204 1849 a7.0

Auerage 21471 795 35.4 a.03 585 B2 1312 1183 1816 26.5

Standard Deviation 335 314 075 0.16 103 15.9 0.23 4.6 24 0.33

% COV 135 1.35 1,35 1.73 1.77 177 1.77 1.24 1.24 1.24

Machine Direction

Ribs per | Mumber | Waximum] Maxim. Tengatio] Load | Load | Load | Load | Load | Load | Lead | Load | Lead
Sample  |Specimer| Foot | offtbs | Load | load | Load |@Break| @2% | @2% | @2 | @5% | @ | @su [@won| @won | @wow

jderiication | Wumbsr | Width | Tested | (Ibs) | (lsif) | (KN} | (% Jos | (bstt) | (khim) | s | (bsil) | (kNim) §| Ibs (bstft] | (kNim)
1 .75 7 167 | 28% | M4 | 733 | 55e 857 | 1251 | 1154 | 17T 25,
N 2 .75 7 2180 46 | 289 | 626 533 819 1.95 40 75 25,
installed in 3 .75 7 paye] 270 a7 811 559 858 153 58 i 26.
Gradation 1 4 10.75 7 2002 3075 M8 7485 557 85 248 33 fii 25.
{Coarse Gravel) 5 10.75 7 2032 3 5.6 792 560 &0 1256 1176 1806 264
6 10.73 7 1697 | 258 | s | Tad 538 858 | 1253 | 1144 | 1757 | 257
7 75 7 1720 | %641 | BE [ 711 547 840 | 1226 | 1148 | 1763 | 257
3 .75 7 1914 peki] 42 783 373 880 285 77 1808 26.4
9 .75 7 1844 | 2885 LN TE3 568 ] 278 72 1800 26.3
10 .75 7 1845 | 2833 CIE) 7931 542 832 215 pu} 1728 252
Auerage 1431 2965 433 7.80 556 853 1248 | 1155 1773 259
Stendard Deviation 1605 | 247 | 361 | o034 | 1208 | 647 | 027 | 167 | 57 | 08
% COV B33 833 8.33 4.37 218 216 2.16 .45 1.45 1.45

Fercent Retained T T [ 781 | 781 ]| 7851 | 64 | &0 950 | O76 | Gi6 | 976 | T T |
RFid ] [ [ 128 | 128 | 128 I [ 1 | ] 1

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,

D-6
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Table D-6. Installation damage wide width tensile fest resulis for TenCate Miragrid 3XT geogrid, 57 stone.
Installation damage testing (ASTM DSE1E, as modified in AASHTO RE6S-15).
Wide wide tensile testing (ASTM D837, Method B).

Machine Direction _
Ribs per | Number | Maximum Maximumluaximumigmtiur Load Load Load Lead Load Load load Load Load

Sample 5 pecil Foot | ofRis | Lead | load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% [@0n| @10% | @1w0%
\dentfication | Mumoze | Width | Tested | (bs) | (b | ot | (%) s | test) | (i) | s | (bsit) | (kMimp | bs (baif) | (kNim)

1 10.75 7 2457 3773 5.1 891 585 868 13.12 1185 1820 26.6

KT 2 10.75 7 2428 FIF] 44 691 562 854 13.05 1182 1815 26.5

Baseling 3 ki 7 T 3B 355 07 570 gk 278 11 1786 | 261

4 ki 7 2520 | 3870 %5 .29 582 S 13.27 | 1140 1812 | 265

5 .7 7 M7 3201 5.5 .08 se7 1 1338 | 1204 1849 a7.0

Auerage 21471 795 35.4 a.03 585 B2 1312 1183 1816 26.5

Standard Deviation 335 314 075 0.16 103 15.9 0.23 4.6 24 0.33

% COV 135 1.35 1,35 1.73 1.77 177 1.77 1.24 1.24 1.24

Machine Direction

Ribs per | Mumber | Waximum] Maxim. Tengatio] Load | Load | Load | Load | Load | Load | Lead | Load | Lead
Sample  |Specimer| Foot | offtbs | Load | load | Load |@Break| @2% | @2% | @2 | @5% | @ | @su [@won| @won | @wow

denttication | Mumber | Width | Tested | (lbs) | {ibs'f) | (ki) | (%) [ s | (lestt) | (kMim s | (st | (kNim) || lbs (bstft] | (kNim)
1 .75 7 1580 | 2426 34 TG 538 8% 1208 | 1132 1738 254
T 2 .75 7 1582 | 2445 BT 663 55 a8 25 177 1808 264
installed in 3 .75 7 2050 3148 450 818 54 8% 21 136 1745 2535
57 Stone 4 10.75 7 1574 247 33 742 55, 42 Z 144 1757 257
5 10.75 7 1593 | 248 | 357 | 677 547 840 | 1226 | 1158 | 1780 | 360
6 10.75 7 2088 | 3207 58 823 535 832 1244 | 1130 1766 5.8
7 75 7 2298 | 382 5.5 01 559 858 | 1253 | 1162 | 1785 | 261
8 75 T 2150 | 3302 482 38 361 862 238 178 1806 26.4
B .75 7 1889 2870 ne .58 566 i) 268 | n77 | 1808 26.4
10 .75 7 1722 2645 ] 80 553 245 240 000 1536 224
Averege 1852 | 2844 | 415 | T8 553 B4 | 1240 | 1141 | 1753 | 258
Stendard Deviation 276.0 424 619 77 2.07 1398 | 020 523 a04 1.17
% COV 1491 | 149 | 1491 | 970 | 166 | 164 [ 164 | 459 | 450 [ 459

I Fercent Retained T T 748 | 748 | 740 | 674 | 045 | 045 | 945 | Des | o5 | 965 | T T |
RFid | | | 133 | 133 13 | | | | | | | | 1

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,
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Table D-7. Installation damage wide width tensile test results for TenCate Miragrid 3XT geogrid, scil gradation 2.
Installation damage testing (ASTM D5B1E, as modified in AASHTO RE6S-15).
Wide wide tensile testing (ASTM D8637, Method B).

Machine Direction _

Ribs per | Number | Maximum Maximumluaximumigmtiur Load Load Load Lead Load Load load Load Load
Sample 5 pecil Foot | ofRis | Lead | load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% [@0n| @10% | @1w0%
\dentfication | Mumoze | Width | Tested | (bs) | (b | ot | (%) s | test) | (i) | s | (bsit) | (kMimp | bs (baif) | (kNim)

1 10.75 7 2457 3773 5.1 891 585 868 13.12 1185 1820 26.6

KT 2 10.75 7 2428 FIF] 44 691 562 854 13.05 1182 1815 26.5

Baseling 3 ki 7 T 3B 355 07 570 gk 278 11 1786 | 261

4 ki 7 2520 | 3870 %5 .29 582 S 13.27 | 1140 1812 | 265

5 .7 7 M7 3201 5.5 .08 se7 1 1338 | 1204 1849 a7.0

Auerage 21471 795 35.4 a.03 585 B2 1312 1183 1816 26.5

Standard Deviation 335 314 075 0.16 103 15.9 0.23 4.6 24 0.33

% COV 135 1.35 1,35 1.73 1.77 177 1.77 1.24 1.24 1.24

Machine Direction

Ribs per | Mumber | Waximum] Maxim. Tengatio] Load | Load | Load | Load | Load | Load | Lead | Load | Lead
Sample  |Specimer| Foot | offtbs | Load | load | Load |@Break| @2% | @2% | @2 | @5% | @ | @su [@won| @won | @wow

dentfication | Mumber | Width | Tested | (lbs) [ (ios'f) | (ki) %) s | (lbsth) | (kNim Ibs lbsitt) | (kNim] J| Ibs (bstft] | (kNim)
1 75 7 2380 | 3655 | 534 53 | 564 Bg | 1308 | 127 | 1854 | 279
T 2 .75 7 2460 | 3rms | 852 92 | SBd 837 3.09 195 835 | 26
installed in 3 .75 7 2447 | 3758 | %49 71 563 g1 3.30 225 831 PIR
Gradatian 2 4 10.75 7 2455 | 3770 550 .89 575 263 258 1 828 26
{Sandy Gravel) 5 10.75 7 2488 3821 5.8 803 564 87 13.08 1187 1823 266
6 10.73 7 2441 | 349 | 7 | @ez 576 865 | 1281 | 1207 | 1894 | 271
7 75 7 331 | 3580 | 823 64 571 &77 | 1280 | 1176 | 1806 | 264
8 73] 7 460 | 3rrs | e 95 | 575 | Be3 | 1789 | i20f | 1844 | 269
9 .75 7 242 TP 43 87 563 162 180 1812 26.5
10 .75 7 45T 78 553 .02 578 868 286 132 1831 287
Average 438 | 3740 | 346 | B84 578 Bea | 12e7 | 118 | 4887 | 268
Stendard Deviation 458 72 105 | 016 | 835 | 1283 | 098 | 145 | 222 | 032
% COV 182 1.92 192 1.86 1.44 144 1.44 1.4 1.1 1.21

055 | 685 | o5 | 070 | GBa | Gas | 988 | 1014 | ioid1 | 1011 T T |
101 | 101 | 101 ] I [ 1 | ] 1

Fercent Retained | |
RFid | |

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,
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Table D-8. Installation damage wide width tensile test results for TenCate Miragrid 3XT geogrid, scil gradation 3.
Installation damage testing (ASTM D5B1E, as modified in AASHTO RE6S-15).
Wide wide tensile testing (ASTM D8637, Method B).

Machine Direction _
Ribs per | Number | Maximum Maximumluaximumigmtiur Load Load Load Lead Load Load load Load Load

Sample 5 pecil Foot | ofRis | Lead | load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% [@0n| @10% | @1w0%
\dentfication | Mumoze | Width | Tested | (bs) | (b | ot | (%) s | test) | (i) | s | (bsit) | (kMimp | bs (baif) | (kNim)

1 10.75 7 2457 3773 5.1 891 585 868 13.12 1185 1820 26.6

KT 2 10.75 7 2428 FIF] 44 691 562 854 13.05 1182 1815 26.5

Baseling 3 ki 7 T 3B 355 07 570 gk 278 11 1786 | 261

4 ki 7 2520 | 3870 %5 .29 582 S 13.27 | 1140 1812 | 265

5 .7 7 M7 3201 5.5 .08 se7 1 1338 | 1204 1849 a7.0

Auerage 21471 795 35.4 a.03 585 B2 1312 1183 1816 26.5

Standard Deviation 335 314 075 0.16 103 15.9 0.23 4.6 24 0.33

% COV 135 1.35 1,35 1.73 1.77 177 1.77 1.24 1.24 1.24

Machine Direction

Ribs per | Mumber | Waximum] Maxim. Tengatio] Load | Load | Load | Load | Load | Load | Lead | Load | Lead
Sample  |Specimer| Foot | offtbs | Load | load | Load |@Break| @2% | @2% | @2 | @5% | @ | @su [@won| @won | @wow

identfication | Mumber | Width | Tested | (lbs) [ (ios'f) | (kiim) %) s | (lbstt) | (kMim) | Bs | {ibsft) | (kNim) §| Ibs (bstft] | (kNim)
1 75 7 47 | amiz | 42 81 | 52 g78 | 12es | 174 | 1803 | 263
N 2 75 7 230 | 3824 | 529 66 568 872 174 185 820 | D68
installed in 3 .75 7 2393 | 3675 37 .59 11 o8 70 | 12 875 7.4
Gradatian 3 4 10.75 7 2394 | 3677 537 71 560 &1 .00 187 823 26.6
[Sand) 5 10.75 7 2388 3683 338 B8 545 37 1222 1185 1820 265
6 10.73 7 2027 | %14 | 522 | 694 51 B62 | 1258 | 1149 | 1765 | 258
7 75 7 g | 3ms | %42 15 | 570 &5 | 127 1180 | 1812 | 265
3 .75 7 2461 3773 35.2 {1} a7 a1 2 182 1815 26.3
9 .75 7 2380 | 3856 534 66 568 &7z % 174 1803 26.3
10 .75 7 2416 | 3710 .2 .12 572 &78 283 188 1794 262
Average 27 | 3680 | 537 | B8 | sm g7a | 1282 | 11 | 4813 | 265
Stendard Deviation 354 56 | oe2 | o018 | 1656 | 2546 | 037 | 181 | 276 [ 04
% COV 152 1.52 152 202 290 280 2.90 1.54 1.54 1,54

Fercent Retained T T [ o70 | &70 ] on0 | 876 | o677 | o7y | 977 | a8 | o8 | 996 | T T |
I RFid | [ | 103 [ 163 | 103 | | [ [ | | [ | | | |

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,

D-8
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Table D-8. Installation damage wide width tensile test results for TenCate Miragrid TXT geogrid, scil gradation 1.
Installation damage testing (ASTM D5B1E, as modified in AASHTO RE6S-15).
Wide wide tensile testing (ASTM D8637, Method B).

Machine Direction _
Ribs per | Number | Maximum Maximumluaximumigmtiur Load Load Load Lead Load Load load Load Load
Sample 5 pecil Foot | ofRis | Lead | load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% @10 | @10% | @10%
\dentfication | Mumoze | Wigth | Tested | (bs) | (k) | ot | (%) s | gesit) | (khim) | vss | geste) | (kmim) s [
1 10.68 7 405 [ & 3.1 102 981 1512 | 2207 | 2006 | 3061 447 || 2371 6553 aT 4
AT 2 [ 1088 7 473 | 6519 | %2 102 570 1480 | 2161 | 1573 | 3010 | 43.9 | 4238 £454 844
Baseling 3 | 1088 7 4286 G938 9. 0.1 G54 4 2125 | 1833 | 2048 43.1 4271 €316 g1
4 | 1063 7 4348 | 6h34 %. 96 a7d [ 2170 | 1%38 3004 433
5 | 1088 7 4249 | 6483 . 62 98 [} 21.58 83 3028 442
Auerage 442 6579 36.1 100 a7 1482 21.64 1973 3010 439 4234 8551 956
Standard Deviation 63.5 5.8 1.41 0.24 13.2 202 0.2% 265 A0.4 0.59 659 105 153}
% COV 147 1.47 1.47 242 1.36 1.36 136 1.34 1.34 1.34 1.60 1.60 1.60

Machine Direction

Ribs per | Mumber | Waximum] Maxim. Tengatio] Load | Load | Load | Load | Load | Load | Lead | Load | Lead

Sample Specimeny Foot | ofRibs | Lead | load | Load |@Break| @2% | @2% | @2% | @5% [ @5% | @5% [@10% | @10% | @10%
ideriication ] Wumbsr | Width | Tested | (Ibs) | {lbsit) | (Kitm) | (%) los | (st | (khim) | s | (bsi) | (kNim) §| Ibs (lbsitt] | (kNim)
1 108 7 2515 | 3837 | 60 | 64T 903 387 | 2025 | 181 217 | 2
Ly 2 | 1088 7 2042 | 4397 .2 | 725 | 83 20 | 2074 33 2946 3
installed in 3 | 1068 7 2668 | 40T1 594 6.6 887 53 | 19.76 | 1838 | 2896 2
Gradation 1 4 | 1068 7 31 4746 693 754 gr2 B3 | 2165 | 195 2882 3.
{Coarse Gravel) 5 1068 7 3024 4514 67.4 B34 924 1410 20.58 1883 2873 419
6 | 1068 7 M0 | wm | w7 | T | & 1268 | 1896 | 1808 | 27e0 | 403
7 1068 7 2788 | 4254 | 621 | 779 | 836 428 | 2085 | 1962 | 2983 | 437
8 | 1063 7 2878 | 4383 841 T30 868 2 1934 871 2833 1.1
9 | 1068 7 2636 | 402 87 6.66 528 1 20.67 %07 2810 215
10 | 1068 7 2856 | 4362 87 7.10 844 4 24.03 835 2891 22
Average ar | 2y | st | TS 15 | 1308 | 2038 | 1208 | o0 | 424
Stendard Deviation 2201 | 336 | 460 | 0858 | 3676 | 5608 | 082 | 448 | €84 | 100
% COV 782 7.92 792 7T 4.02 4.02 4.02 236 2.36 2.3%
Fercent Retained T T [ 6id | 42 B4 [ 724 ] o47 ] 047 T 047 ] 965 | 065 | 065 | I I 1
I RFid | [ | 165 | 1.68 | 166 | | | [ [ [ | | |

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,
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Table D-10. Installation damage wide width tensile test results for TenCate Miragrid TXT geogrid, 57 stone.
Installation damage testing (ASTM DSB1E, as modified in AASHTO R6S-15).
Wide wide tensile testing (ASTM D837, Method B).

Machine Direction _
Ribs per | Number | Maximum Maximumluaximumigmtiur Load Load Load Lead Load Load load Load Load
Sample 5 pecil Foot | ofRis | Lead | load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% @10 | @10% | @10%
\dentfication | Mumoze | Wigth | Tested | (bs) | (k) | ot | (%) s | gesit) | (khim) | vss | geste) | (kmim) s [
1 10.68 7 405 [ & 3.1 102 981 1512 | 2207 | 2006 | 3061 447 || 2371 6553 aT 4
AT 2 [ 1088 7 473 | 6519 | %2 102 570 1480 | 2161 | 1573 | 3010 | 43.9 | 4238 £454 844
Baseling 3 | 1088 7 4286 G938 9. 101 G54 4 2125 | 1833 | 2048 43.1 4271 €316 g1
4 | 1063 7 4348 | 6h34 %. 10.0 a7d [ 2170 | 1%38 3004 433
5 | 1088 7 4249 | 6483 . 98 98 [} 21.58 83 3028 442
Auerage 442 6579 36.1 100 a7 1482 21.64 1973 3010 439 4234 8551 956
Standard Deviation 63.5 5.8 1.41 0.24 13.2 202 0.2% 265 A0.4 0.59 659 105 153}
% COV 147 1.47 1.47 242 1.36 1.36 136 1.34 1.34 1.34 1.60 1.60 1.60

Machine Direction

Ribs per | Mumber | Waximum] Maxim. Tengatio] Load | Load | Load | Load | Load | Load | Lead | Load | Lead

Sample Specimer| Foot | offbs | Lead | load | Load |@Break| @2% | @2% | @2% | @5% | @5 | @s% [ @10%| @10% | @10%
\denttication | Mumber | Width | Tested | [lbs) | (st | (ktum) | (%) [ s | (boiy | (ki) | s | (st | (kNim) | lbs (bsit] | (kdim)
1 10,68 7 324 | 4318 7.8 72 [ 24 | 1% 1487 2268 331
T 2 [fues | 7 [ 3srz [ 514 | 754 4T | o8 78| 20 BT | osm0 | 345
installed in 3 | 1068 7 3280 SUEE__. 3 4% 906 32 0. 534 2340 34.2
57 Stene 4 | 1068 7 217 4145 6.5 .18 BE5 20 19.2 476 2252 329
-1 10.68 7 3092 4718 3.9 9.25 854 1303 19.02 1450 2228 3.5
6 | 1083 7 3 4369 711 949 [l 1337 19.51 1433 2263 33.0
7 1088 7 2885 | a2 g43 9.36 861 4 | 1918 | 1474 2249 28
8 | 1063 7 2470 3768 33.0 T80 868 32 34 Ll 2267 33,
9 | 1068 T 2098 432 4.6 .14 846 28 5 47 2255 32
10 | 1068 7 3382 5160 753 81 857 30 09 3¢ 2282 33
Auerage 3051 4655 36.0 425 &7 1328 19.58 1432 21 332
Standard Deviation 3012 | 480 Tt 0.54 19.82 | .23 0.44 4 418 0.6t
% COV 987 .87 .87 5.86 228 228 228 1.83 1.83 1.83
Fercent Retained T T [ 708 | 708 T0E | O04 | Bo6 | @96 | 895 | 756 | 756 | 758 | T T 1
I_w [ T[] m—lm T T 1T 1 | ]

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,
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Table D-11. Installation damage wide width tensile test results for TenGate Miragrid TXT geogrid, soil gradation 2.
Installation damage testing (ASTM DSB1E, as modified in AASHTO R6S-15).
Wide wide tensile testing (ASTM D8637, Method B).

Machine Direction _
Ribs per | Number | Maximum Maximumluaximumigmtiur Load Load Load Lead Load Load load Load Load
Sample Speci Foot | of Ribs | Lead Load Load |@Break] @2% | @2% | @2% | @5% | @5% | @5% | @10% | @10% | @10%
|dentification Mumbee | Width | Tested | [Ibs) | (ibsife) | (kNim) | (%) I (ksfit) | (kNIm] Ibs {Ibsift) | (kNim] Ibs (Ibesiit) (KhIm}
1 10.68 7 405 [ & 3.1 102 981 1512 | 2207 | 2006 | 3061 447 || 2371 6553 aT 4
AT 2 [ 1088 7 473 | 6519 | %2 102 570 1480 | 2161 | 1573 | 3010 | 43.9 | 4238 £454 844
Baseline 3 | 1088 7 4286 | 6539 95 10.1 o34 4 2125 | 1833 | 2048 431 427 6315 851
4 | 1063 7 4348 | 6h34 %. 10.0 a7d 4 2170 | 1%38 3004 433
5 | 1088 7 4249 | 6483 . 98 98 [} 21.58 83 3028 442
Average 4312 | 6579 %.1 10.0 a2 1482 | 2164 | 1973 3010 4339 424 8551 956
Standard Deviation 63.5 5.8 1.41 0.24 13.2 202 0.2% 265 A0.4 0.59 659 105 153}
% COV 147 1.47 1.47 242 1.36 1.36 136 1.34 1.54 1.34 1.60 1.60 1.60
Machine Direction _
Ribs per | Mumber (Maimum| Maximur| Ma Emlior Load Load Load Load Load Load Load Load Load
Sample Specimery Foot | of Rks | Lead Load Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% | @10% | @10% | @ 10%
identiication Wumber Wuin Tested Eln_sz {lbrsit) (kﬂ!m‘- 9L | Is (lksit) | (kMim] Jos (lbsitt) | [kNim) Ibs (lbesitt] (khim)
1| 1088 7 3966 | 6051 83 98 %60 465 | 2138 | 1% 297, 433
T 2 | 1083 7 367 | 6033 834 17 965 72 | 2150 | 193¢ 285 3.2
installed in 3 | 1088 7 3950 | 6037 8.0 94 981 97 | 21.85 | 1983 302 4.2
Gradatian 2 4 | 1083 7 3685 | 5343 8.8 82 976 B9 | M4 | 193 235; 3.1
{Sandy Gravel) -1 10.68 7 381 G464 79.8 7.96 980 1510 205 2003 3056 445
6 | 1083 7 3530 | 6088 8.9 9.10 74 1456 | 2070 | 1852 28978 433
7 1088 7 3861 3891 8.0 71 ar3 485 | 2167 | 1874 3012 440
8 | 1088 7 4072 3213 07 33 | 960 | 1465 | 2138 | 1837 | 2855 55
9 | 1068 73 4043 168 90.1 .2 47 45 | 2108 436 2854 3.
10 | 1088 7 3877 | 5815 554 .27 49 a3 | 1 A 2342 2.
Averege 3820 | 5881 7.3 595 868 1476 | 2155 | 15 2881 433
Standard Deviation 137.1 208 | 305 0.40 1380 | 2106 0.31 248 Erl] 0.55
% COV 350 3.50 0 448 1.43 143 1.43 1.27 1.27 1.27

T [ 05 | 500 ] 200 | 603 | 96 | ©a6 | 996 | a0 | o0 | 950 | T T |

Percant Retained
RFid

[ [ 140 | 140 | 1.10 I 1 1 I 1

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,

REDKROGK

225



APPENDIX: 1.2.4 NTPEP REPORT

MTPEF June 2019 Final Repart REGEQ-2018-01-[TenCate-Miragad XT]
Report Expiration Date: June 2028

Table D2 Installation damage wide width tensile test results for TenGate Miragrid TXT geogrid, soil gradation &
Installation damage testing (ASTM DSB1E, as modified in AASHTO R6S-15).
Wide wide tensile testing (ASTM D8637, Method B).

Machine Direction _
Ribs per | Number | Maximum Maximumluaximumigmtiur Load Load Load Lead Load Load load Load Load
Sample 5 pecil Foot | ofRis | Lead | load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% @10 | @10% | @10%
\dentfication | Mumoze | Wigth | Tested | (bs) | (k) | ot | (%) s | gesit) | (khim) | vss | geste) | (kmim) s [
1 10.68 7 405 [ & 3.1 102 981 1512 | 2207 | 2006 | 3061 447 || 2371 6553 aT 4
AT 2 [ 1088 7 473 | 6519 | %2 102 570 1480 | 2161 | 1573 | 3010 | 43.9 | 4238 £454 844
Baseling 3 | 1088 7 4286 G938 9. 101 G54 4 2125 | 1833 | 2048 43.1 4271 €316 g1
4 | 1063 7 4348 | 6h34 %. 10.0 a7d [ 2170 | 1%38 3004 433
5 | 1088 7 4249 | 6483 . 98 98 [} 21.58 83 3028 442
Auerage 442 6579 36.1 100 a7 1482 21.64 1973 3010 439 4234 8551 956
Standard Deviation 63.5 5.8 1.41 0.24 13.2 202 0.2% 265 A0.4 0.59 659 105 153}
% COV 147 1.47 1.47 242 1.36 1.36 136 1.34 1.34 1.34 1.60 1.60 1.60

Machine Direction

Ribs per | Mumber | Waximum] Maxim. Tengatio] Load | Load | Load | Load | Load | Load | Lead | Load | Lead

Sample  [Specimer| Fost | ofRikbs | Lead | load | Load [@Break| @2% | @2% | @2% | @5% | @5% | @5% [ @10% | @10% | @10%
denttication | Mumber | Width | Tested | (lbs) | {ibs'f) | (ki) | (%) [ s | (st | (kMim Ibs lbsitt) | (kNim] J|  Ibs (lbsitt] | (kNim)
1| 1088 7 4051 181 2 43 855 457 | 2127 | 183§ | 2952 | 431
T 2 | 1088 i AMT 3434 ERE] .90 965 72 | 2150 | 143 | 29 3.3
installed in 3 | 1068 7 4027 4 87 .00 950 10 | 2205 | 2001 30 48
Gradatian 3 4 | 1068 7 4022 6 836 .22 987 06 | 2189 | 1879 0 41
[Sand) 5 10.88 7 arre | sves | 842 | 863 | o4 1436 | 20095 | 1e24 | 2935 | 429
6 | 1083 7 3684 | 38N 821 643 2 1463 | 2165 | 1857 | 2986 436
7 1068 7 a104 262 | 914 48 | 954 [] 2125 | 1912 | 2917 | 428
8 [fom 7 4033 | 613 | 8B 28 | &5 7125 | 195 | zam2 31
9 | 1068 7 4042 167 %00 .36 g2 20.58 837 2894 213
10 | 1068 7 4163 | 6352 24 .83 56 21.38 927 2840 28
Auerage 4012 | &N 834 a2 250 1485 | 2138 | 1341 2861 432
Stendard Deviation 1627 248 363 a4 19.87 | 3.3 0.44 310 473 063
% COV 406 | 406 | 406 | 50 207 | 207 | 207 | 160 | 160 [ 160
Fercent Retained T T [ 530 | %30 %30 | 005 | GBE | oae | 088 | ORL | DBl 584 || T T 1
I REd | [ [ 107 | 1.07 [ 107 I [ I 1

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,
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Table D-13. Installation damage wide width tensile test results for TenGate Miragrid BXT geogrid, soil gradation 1.
Installation damage testing (ASTM DSB1E, as modified in AASHTO RE6S-15).
Wide wide tensile testing (ASTM D8637, Method B).

Machine Direction _
Ribs per | Number | Maximum Maximumluaximumigmtiur Load Load Load Lead Load Load load Load Load
Sample 5 pecil Foot | ofRis | Lead | load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% @10 | @10% | @10%
\dentfication | Mumoze | Wigth | Tested | (bs) | (i) | ot | (%) s | (st | (kMim) | s | geste) | qkmim) | ibs [
1 10.81 7 5584 | 8703 | 1270 132 | 1119 | 1744 | 2547 | 18964 | 3061 447 | 2472 6370 101.8
BAT 2 1031 7 5554 | 4672 | 1266 | 135 | 1123 | 1750 | 2554 | 1971 | 5072 | 448 | 4436 515 101.0
Baseling 3 i S 4399 22, 2 1 765 2576 | 1887 3007 5.2 A48 902 100.8
4 7 5274 | 8220 | 120 24 1135 769 | 2583 | 159G 3106 5.3 4408 6369 1003
5 7 5418 | 8444 | 123 33 129 760 | 25.80 855 3082 47 a7 6884 100.5
Auerage 5448 3485 123.9 13.0 128 1758 25.66 1576 3078 45.0 432 5308 100.5
Standard Deviation 129.1 201.1 284 045 6.6 10.3 0.15 133 08 0.30 245 38 058 |
% COV 237 237 237 346 0.58 059 0.5% 068 0.66 0.68 0.56 0.56 0.55
Machine Direction _
Ribs per | Mumber (Maimum| Maximur| Ma Emlior Load Load Load Load Load Load Load Load Load
Sample Specimery Foot | of Rks | Lead Load Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% | @10% | @10% | @ 10%
idznification Wumber | Width | Tested | (lbs: SIwﬁ] (kNim) | (%) I (|Estht) (k_NJmJ Il:s_ lbsift) | (kNim] Ibs (lbsift) (ki)
1 Ell 7 3136 | 4888 714 787 114 736 | 2535 | 1897 3050 445
BT 2 [JoH ki 43 | 5210 78.1 6.10 ] 27 [ By 1937 0 4.1
installed in 3 .31 T 2 5184 75.7 743 38 174 2590 191 1 5.3
Gradation 1 4 10.31 8 3431 3347 78.1 521 30 G99 2480 1934 0 4.0
{Coarse Gravel) -1 10.81 7 3758 3839 33.5 B.73 1094 1708 2488 1824 2999 438
[ 10.31 7 3794 3813 8.3 6,58 110 1730 | 25.26 | 1584 3082 45.1
7 7 4113 | s410 98 13 91 700 | 248 | 1845 3051 44,
8 7 3843 G143 a7 .70 76 677 24 22 2896 .
] 73 3682 5754 .0 .73 57 663 24. ] 2875 3
10 7 3844 5991 475 .80 08 7 252 240 3024 4.1
Averege 3638 | 3870 828 69 1100 1714 | 2502 | 1844 3050 44,2
Standard Deviation 313.1 458 7.12 68 | 2041 | 313 046 254 4.1 0.60
% COV B.E1 8.61 361 78 1.86 1.86 1.88 1.36 1.36 1.35

Fercent Rotained T T [ @68 | @68 | @ak8 | Ga7 | are | o75 | 975 | o84 | @a¢ | gas | | T |
RFid | [ [ 150 | 1.60 | 1.0 | I I | I | | |

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,
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Table D-14. Installation damage wide width tensile test results for TenCate Miragrid BXT geogrid, 57 stone.
Installation damage testing (ASTM DSB1E, as modified in AASHTO RE6S-15).
Wide wide tensile testing (ASTM D837, Method B).

Machine Direction _

Ribs per | Number | Maximum Maximumluaximumigmtiur Load Load Load Lead Load Load load Load Load
Sample 5 pecil Foot | ofRis | Lead | load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% @10 | @10% | @10%
\dentfication | Mumoze | Wigth | Tested | (bs) | (i) | ot | (%) s | (st | (kMim) | s | geste) | qkmim) | ibs [

1 10.81 7 5584 | 8703 | 1270 132 | 1119 | 1744 | 2547 | 18964 | 3061 447 | 2472 6370 101.8

BAT 2 1031 7 5554 | 4672 | 1266 | 135 | 1123 | 1750 | 2554 | 1971 | 5072 | 448 | 4436 515 101.0
Baseling 3 7 3389 5399 22, 27 1132 TES 2576 | 1887 3087 5.2 4428 302 100.8

4 7 5274 | 8220 | 120 24 1135 769 | 2583 | 159G 3106 5.3 4408 6369 1003

5 7 5418 | 8444 | 123 33 129 760 | 25.80 855 3082 47 a7 6884 100.5

Auerage 5446 3488 1239 13.0 128 1758 25.66 1978 3078 45.0 432 6303 1005

Standard Deviation 129.1 201.1 284 045 6.6 10.3 0.15 133 08 0.30 245 38 058 |

% COV 237 237 237 346 0.58 059 0.5% 068 0.66 0.68 0.56 0.56 0.55

Machine Direction

Ribs per | Mumber | Waximum] Maxim. Tengatio] Load | Load | Load | Load | Load | Load | Lead | Load | Lead
Sample  |Specimer| Foot | offtbs | Load | load | Load |@Break| @2% | @2% | @2 | @5% | @ | @s% [@on| @ | @wow

ideriication | Wumbsr | Width | Tested | (Ibs) | {lbsit) | (Kifm) | (%) s | (bstt) | (kMim) | ks | {ibsft) | (kNim) §| Ibs (lbsitt] | (kNim)
1 [ 1o 7 4205 | 6354 | 7 82 | 969 §10 | 2205 | 1783 | 2748 | 401
BT 2 Ell 7 758 | 583 8.5 08 985 535 | 2241 | 17e8 | avev 7
installed in 3 .91 7 4163 | 6488 | 947 65 983 S48 | 2260 | 1812 2824 .2
57 Stone 4 1081 7 4226 | 6587 %2 .58 1008 573 | 2296 | 1853 2863 2.2
5 10.81 7 3978 5200 90.5 10.53 958 1540 1148 1772 2762 40.3
6 1081 7 4075 | 6351 | 27 | 962 91 1529 | 2232 | 1781 | 2m45 | 40t
7 7 3786 | 9 | 862 62 | 962 499 | 2180 | 1705 | 2657 | 388
3 7 3760 | 3860 856 30 966 | 130 2198 71 2867 8.8
9 7 3533 | 5506 404 .69 CIE] 51 2214 736 2706 835
10 7 4165 | 6491 i .56 1008 56 2289 | 1804 2812 411
Average %8 | 8180 | %02 EXi ge3 | 1582 | 22s7 ] a7i | ames | 40
Stendard Deviation 2404 | a75 | 547 | o038 | 1621 | 2526 | 037 | 461 | 716 | 10
% COV 506 .06 6.06 399 1.63 165 163 260 260 2,60

Fercent Retained T T [ 728 | 728 | 728 | 742 | 8rd | &r2 | 672 | a6 | @66 | 666 | T T |
RFid ] [ [ 137 | ta1 | 131 ] I [ ] 1 | ] 1

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,
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Table D-16. Installation damage wide width tensile test results for TenGate Miragrid BXT geogrid, soil gradation 2.
Installation damage testing (ASTM DSB1E, as modified in AASHTO RE6S-15).
Wide wide tensile testing (ASTM D8637, Method B).

Machine Direction _
Ribs per | Number | Maximum Maximumlwaximumigmtiur Load Load Load Lead Load Load load Load Load
Sample Speci Foot | of Ribs | Lead Load Load |@Break] @2% | @2% | @2% | @5% | @5% | @5% | @10% | @10% | @10%
|dentification Mumbee | Width | Tested | [Ibs) | (bsffe) | (kNim) | (%) b (ksfit) | (kNIm] Ibs {Ibsift) | (kNim] Ibs (Ibesiit) (Khim}
1 10.81 7 5584 | 8708 | 1270 | 132 | 1119 | 1744 | 2547 | 1864 | 3061 447 | 2472 6370 101.8
BAT 2 1031 7 5554 | 4672 | 1266 | 135 | 1123 | 1750 | 2554 | 1971 | 5072 | 448 | 4436 515 101.0
Baseline 3 7 5349 | 8390 22. 2 132 768 | 25.76 | 1887 3na7 ¥ 4428 €302 100.8
4 7 5274 | 8220 | 120 24 1135 769 | 2583 | 159G 3106 .3 4408 6353 1003
5 7 5418 | 8444 | 123 33 129 760 | 25.80 855 3082 1 a7 6884 100.5
Average 5446 | 8485 | 1239 13.0 [E 1758 | 2588 | 1978 3078 450 4432 €308 100.5
Standard Deviation 129.1 201.1 284 045 6.6 10.3 0.15 133 08 0.30 245 38 058 |
% COV 237 237 237 348 0.59 059 0.5% 068 0.66 0.68 0.56 0.56 0.55
Machine Direction _
Ribs per | Mumbar i Aaximurm] M aod Emlior Load Load Load Load Load Load Load Load Load

Sample  [Specimer{ Fost | ofRbs | Load | load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% [@ 0% | @10% | @10%

identtication | Mumber | Width | Tested | (lbs) [ (ios'f) | (ki) %) fos | (bsit) | (khim) | s | (bsi) | (kNim) §| Ibs sty [ (him)
(I LED 7 5008 | 7805 | 1140 08 | g 72 2519 | 189 | 3038 443 || 4821 7202 ¥
axT 2 Ell 7 4872 | 7593 | 1108 .5 14 736 | 2535 B 3067 4.8 4854 72354 1058
installed in 3 .31 7 4800 T481 109.2 1 10 730 | 2536 %63 3059 47 4558 T260 106.0
Gradation 2 4 103 7 4784 7472 | 1081 .3 120 714 | 2503 343 303 43 4562 7265 106.1
{Sandy Gravel) 5 10.81 7 4640 | 7232 | 1086 | 1091 | w091 | 1700 | 2485 | 1830 | 3008 | 439 f 4832 [FIE] 1054
5 1081 7 5005 | 7801 1133 108 104 1721 | 2512 | 1845 3031 443 4832 7213 105.4
7 7 4523 | 7873 | 112 " 736 | 2533 | 1M 302 44, 4832 13 1054
8 7 4580 | 7762 | 113 1 733 | 2530 | 14 | 304 4 4585 | 7308 1067
B 7 70 7902 13 . 2 7 | 551 97 307 4 4704 7332 070 |
10 7 4757 7414 08.2 . 12 733 | 2530 44 3030 42 4857 7258 106.0
Average 448 7613 | 1112 | 106 | 1108 | 1728 | 2520 | 1852 | 3042 444 | 2554 7254 1059
Stendard Deviation 135.9 212 EXE] 030 8.40 13.08 0.13 133 06 0.3 266 414 060}
% COV 27 278 | 278 | 283 [ o076 | 076 [ o076 | o068 | o6 | 068 | 057 057 057

Fercent Retained | | {
RFid | | |

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,
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Table D-16. Installation damage wide width tensile test results for TenGate Miragrid BXT geogrid, soil gradation &
Installation damage testing (ASTM DSB1E, as modified in AASHTO RE6S-15).
Wide wide tensile testing (ASTM D8637, Method B).

Machine Direction _

Ribs per | Number | Maximum Maximumluaximumigmtiur Load Load Load Lead Load Load load Load Load
Sample 5 pecil Foot | ofRis | Lead | load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% @10 | @10% | @10%
\dentfication | Mumoze | Wigth | Tested | (bs) | (i) | ot | (%) s | (st | (kMim) | s | geste) | qkmim) | ibs [

1 10.81 7 5584 | 8703 | 1270 132 | 1119 | 1744 | 2547 | 18964 | 3061 447 | 2472 6370 101.8

BAT 2 1031 7 5554 | 4672 | 1266 | 135 | 1123 | 1750 | 2554 | 1971 | 5072 | 448 | 4436 515 101.0
Baseling 3 7 3389 5399 22, 27 1132 TES 2576 | 1887 3087 5.2 4428 302 100.8

4 7 5274 | 8220 | 120 24 1135 769 | 2583 | 159G 3106 5.3 4408 6369 1003

5 7 5418 | 8444 | 123 33 129 760 | 25.80 855 3082 47 a7 6884 100.5

Auerage 5446 3488 1239 13.0 128 1758 25.66 1978 3078 45.0 432 6303 1005

Standard Deviation 129.1 201.1 284 045 6.6 10.3 0.15 133 08 0.30 245 38 058 |

% COV 237 237 237 346 0.58 059 0.5% 068 0.66 0.68 0.56 0.56 0.55

Machine Direction

Ribs per | Mumber | Waximum] Maxim. Tengatio] Load | Load | Load | Load | Load | Load | Lead | Load | Lead
Sample  |Specimer| Foot | offtbs | Load | load | Load |@Break| @2% | @2% | @2 | @5% | @ | @s% [@on| @ | @wow

idznification Mumber | Width | Tested | | Ing {lbsife) (wm‘- %) Ius_ (ks | (kNim) Ihs_ lbsift) | (kNim] Ibs e/t Khim
1 [ 1o 7 4770 | 7434 | 10835 03 1096 7 2494 | 1834 | 2952 431 4517 fiES 105.1
BT 2 Ell 7 4535 | 7068 | 1032 7 [i5] 7 25.10 | 1897 | 2957 3.2 |
installed in 3 .31 7 4906 7646 111.6 0.4 02 7 25.08 1897 2057 .2 481 T29%6 106.5
Gradatian 3 4 1031 7 4380 G942 9.4 .62 86 [i 2471 1876 2924 2.7
[Sand) -1 10.81 7 4041 5298 92.0 802 1102 1718 25.08 1918 2939 438
6 1081 7 4440 | 6920 | 1010 | 997 1091 | 1700 | 2485 | 1835 | 2853 43.1
7 7 4428 | 89 | 1008 | 963 49 687 | 247 1830 | 2830 428
g 7 AT06 7335 W07 0.1 38 | 1696 247 7 2824 2.7 4857 7255 106.0
g T 4758 4T 108.3 03 59 697 24.7) 7 2825 27 4528 7210 1053
10 7 4850 T24T 105.8 193 11 732 25.2) a5 3000 3.8
Averege 4563 7111 1034 | 481 1036 1708 | 2483 | 183 2851 431 4845 T240 1057
Stendard Deviation 250.2 390 569 042 838 | 1306 | 019 173 6.9 0.39 294 457 067
% COV 548 5.48 348 4.1% 0.76 076 0.78 091 0.91 0.91 0.63 063 063

Fercent Retained T T %38 | 838 ]| 838 | 761 | &rd | o720 | 972 | Sae G55 ] 1046 | 046 ] 08
RFid ] [ 118 | 148 | 118 | ] I [ ]

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,
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Table D-17. Installation damage wide width tensile test results for TenCate Miragrid 24XT geogrid, soil gradation 1.
Installation damage testing (ASTM DSB1E, as modified in AASHTO RE6S-15).
Wide wide tensile testing (ASTM D837, Method B).

Machine Direction _
Ribs per | Number | Maximum Maximumlwaximumigmtiur Load Load Load Lead Load Load load Load Load
Sample Speci Foot | of Ribs | Lead Load Load |@Break] @2% | @2% | @2% | @5% | @5% | @5% | @10% | @10% | @10%
|dentification Mumbee | Width | Tested | [Ibs) | (ibsffe) | (kNim) | (%) I (ksft) | (kNim] Ibs {Ibsift) | (kNim] Ibs (Ibesiit) (KNIm}
1 12.10 ) 21182 | 32038 | 4678 16.2 3519 5322 J1.70 5500 3319 1215 11763 17792 25048
248T 2 12.10 i) 20833 | 31510 | 4800 15.1 3596 5439 79.41 5536 6464 123.6 12043 18214 2659
Baseline 3 21 1277 | 32182 | 460, 58 3518 5471 | 79.88 | 58 G458 | 123 2311 i 718
4 21 20017 | 31635 | 461 53 321 5477 | 7987 | 5608 G482 | 123 12107 3 2674
5 4 19735 | 20881 | 438, 56 3656 5620 | 80.73 | ST07 8632 | 1. 12477 g 2755
Average 20783 | 31443 | 4581 155 3802 5443 [ 7954 | 58N 8471 1237 || 12140 18362 a1 |
Standard Deviation B16.4 9323 1361 042 51.1 7.4 1.13 T35 111.1 1.62 7T 411 6.00
% COV 287 297 287 268 1.42 1.42 142 1.31 1.31 1,31 .4 224 224
Machine Direction _
Ribs per | Mumbar i Aaximurm] M aod Emlior Load Load Load Load Load Load Load Load Load

Sample  [Specimer{ Fost | ofRbs | Load | load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% [@ 0% | @10% | @10%

identfication | Mumber | Width | Tested | (lbs) [ (ios'f) | (ki) %) los | (st | (kNim) | lbs sitt) | (kim) | (bs | (bsit) | (khim)
1 i1 15062 | 22781 | 3328 11 | 3700 | 5596 | 8171 | 5638 | 8527 | 1245 J 12765 | 19507 | 2819 |
40T 2 2 5714 | 23767 | 3470 S | 338 | 5500 | 8034 | 5537 375 23 012705 | 19016 | 2806 |
installed in 3 2 5495 | 23438 | 3422 2 5% 5333 | 7. 5532 | B367 | 1122 2656 18142 279
Gradation 1 4 £ 6062 | 24294 | 3847 A 4 5658 | 82 5740 652 X8 3483 20383 2877
{Coarse Gravel) 5 12.10 g 15871 | 24005 | 3503 109 T8 5865 8564 381 B925 1303 § 15871 21131 085
6 12.10 8 14641 | 22145 | 3233 | 108 | 3744 | 5665 | 8268 | 5850 | 648 | 1292 J 13972 | 21135 | 3088
7 a1 13824 | 20808 | 3053 ! 387 | 5425 | T2 | 5647 | BG1 | 1247 f 12519 | 18935 | 2765
8 2 143 | 19878 .2 ; 3604 | 5451 | 7959 | 5085 [ B44T 233 1 11904 005 | 2628
9 2 325 | 21667 | 3163 . ¥ 5335 | 7768 | 5432 6307 1.3 2664 154 2797 |
10 2 4573 | 22042 | 3M.8 A 3592 5433 | 7937 | 5804 8475 i 3042 726 288.0
Average 14871 | 22483 | 3284 ] 112 334 | 5526 | B0GB | 5853 | 8548 | 1248 || 12966 | 18614 864
Stendard Deviation 8474 | 1435 | 2082 | 040 | 11134 | 16840 | 248 | 1571 | 2074 | 303 J 6598 | 9980 1457
% COV 537 6.37 6.37 355 3.05 3.05 305 243 243 2.43 5,08 5,08 5.08

Fercent Retained T T T 712 | 715 | 715 | 724 | 1014 | 1014 | 1074 | 1005 | 1008 | 1008 || 1068 | 1066 | 1066
REd 1 [ T 140 | 140 | 180 ] ] [ [ I

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,
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Table D-18. Installation damage wide width tensile test results for TenCate Miragrid 24XT geogrid, 57 stone.
Installation damage testing (ASTM D5B1E, as modified in AASHTO RE6S-15).
Wide wide tensile testing (ASTM D8637, Method B).

Machine Direction _
Ribs per | Number | Maximum Maximumlwaximumigmtiur Load Load Load Lead Load Load load Load Load
Sample Speci Foot | of Ribs | Lead Load Load |@Break] @2% | @2% | @2% | @5% | @5% | @5% | @10% | @10% | @10%
|dentification Mumbee | Width | Tested | [Ibs) | (ibsffe) | (kNim) | (%) I (ksft) | (kNim] Ibs {Ibsift) | (kNim] Ibs (Ibesiit) (KNIm}
1 12.10 ) 21182 | 32038 | 4678 16.2 3519 5322 J1.70 5500 3319 1215 11763 17792 25048
248T 2 12.10 i) 20833 | 31510 | 4800 15.1 3596 5439 79.41 5536 6464 123.6 12043 18214 2659
Baseline 3 21 1277 | 32182 | 460, 58 3518 5471 | 79.88 | 58 G458 | 123 2311 i 718
4 21 20017 | 31635 | 461 53 321 5477 | 7987 | 5608 G482 | 123 12107 3 2674
5 4 19735 | 20881 | 438, 56 3656 5620 | 80.73 | ST07 8632 | 1. 12477 g 2755
Average 20783 | 31443 | 4581 155 3802 5443 [ 7954 | 58N 8471 1237 || 12140 18362 a1 |
Standard Deviation B16.4 9323 1361 042 51.1 7.4 1.13 T35 111.1 1.62 7T 411 6.00
% COV 287 297 287 268 1.42 1.42 142 1.31 1.31 1,31 .4 224 224
Machine Direction _
Ribs per | Mumbar i Aaximurm] M aod Emlior Load Load Load Load Load Load Load Load Load

Sample  [Specimer{ Fost | ofRbs | Load | load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% [@ 0% | @10% | @10%

dentfication | Mumber | Width | Tested | (lbs) [ (ios'f) | (ki) %) s | (bott) | (Nim) | tbs | (bsff) | (kNim) | Ibs bt (hiim)
1 i1 17439 | 26375 | 385 18 | 3813 | 5767 | 8420 | 5764 | 8718 | 1273 § 15845 | 20841 67
40T 2 2 7187 | 26010 | 378, 4] ¥ 5870 | 8570 | SB31 | BAS 292 | 13948 | 21088 [ 3080
installed in 3 2 7523 | 26504 | 387 4 E: 5987 | 87.56 | 5876 9039 [ 1320 4522 21965 w7
57 Stone 4 £ 7453 | 26407 | 385. ¥i 3 5769 | 8422 ]| 573 el 267 3801 20874 3048
5 12.10 g 15258 | 23078 | 3363 1148 3634 5572 81.35 5854 B354 1250 § 12754 18200 2816
6 12.10 8 16337 | 25617 | 3740 | 116 | 376 | 5862 | 85.535 | 5813 | 6943 | 1306 J 13956 | 21106 | 3082
7 a1 17761 | 26684 | 3622 4 | 3334 | 5950 | 8667 | 5953 | 8004 | 1315 f 14821 | 21963 | 3207
8 2 6378 | 2477z | 3617 § | 3917 | 5974 | 8650 | 5690 | 891z | 130 222 | 21511 | 3141 |
9 2 6849 | 25484 | 3721 4 3835 580 8468 | 3873 8807 28 3657 0656 3016
10 2 644 24867 | 3631 k] 3858 533 8518 | 5783 847 2. 3941 21086 w078 |
Average 16924 | 25508 | 4737 | 118 | 3858 | 5835 | 8518 | 5834 | 826 | 1289 § 13817 | 21048 | 3073
Stendard Deviation 7452 | 1127 | 1646 | 020 | 79.11 f 16865 [ 17 102 | 1516 21 | 5018 | 7568 1108 |
% COV 4.40 4.40 4.40 1.70 205 205 205 1.72 172 1,72 61 361 361

Fercent Retained T T [ oTa [ 812 | &ia [ 7a6 ] for1 [ ot [ 070 | oo [ 43 [ Toas J 116 | 116 ] 1uae
REd 1 [ 12 | 12 ] 12 ] [ [ I [ 1 1

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,
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Table D-19. Installation damage wide width tensile test results for TenCate Miragrid 24XT geogrid, soil gradation 2.
Installation damage testing (ASTM DSB1E, as modified in AASHTO RE6S-15).
Wide wide tensile testing (ASTM D837, Method B).

Machine Direction _
Ribs per | Number | Maximum Maximumlwaximumigmtiur Load Load Load Lead Load Load load Load Load
Sample Speci Foot | of Ribs | Lead Load Load |@Break] @2% | @2% | @2% | @5% | @5% | @5% | @10% | @10% | @10%
|dentification Mumbee | Width | Tested | [Ibs) | (ibsffe) | (kNim) | (%) I (ksft) | (kNim] Ibs {Ibsift) | (kNim] Ibs (Ibesiit) (KNIm}
1 12.10 ) 21182 | 32038 | 4678 16.2 3519 5322 J1.70 5500 3319 1215 11763 17792 25048
248T 2 12.10 i) 20833 | 31510 | 4800 15.1 3596 5439 79.41 5536 6464 123.6 12043 18214 2659
Baseline 3 21 1277 | 32182 | 460, 58 3518 5471 | 79.88 | 58 G458 | 123 2311 i 718
4 21 20017 | 31635 | 461 53 321 5477 | 7987 | 5608 G482 | 123 12107 3 2674
5 4 19735 | 20881 | 438, 56 3656 5620 | 80.73 | ST07 8632 | 1. 12477 g 2755
Average 20783 | 31443 | 4581 155 3802 5443 [ 7954 | 58N 8471 1237 || 12140 18362 a1 |
Standard Deviation B16.4 9323 1361 042 51.1 7.4 1.13 T35 111.1 1.62 7T 411 6.00
% COV 287 297 287 268 1.42 1.42 142 1.31 1.31 1,31 .4 224 224
Machine Direction _
Ribs per | Mumbar i Aaximurm] M aod Emlior Load Load Load Load Load Load Load Load Load

Sample  [Specimer{ Fost | ofRbs | Load | load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% [@ 0% | @10% | @10%

idertication | Numoer | Width | Tested | (bs) | (bsity | (ktim) | (%) bs | (st | gowm) | s | s | G | bs | gbsy | ikm)
1 21 19617 | 29671 | 4332 | 152 | 315 | 5ete | 26 | 5721 | 8e3 | 1265 | 13505 | 20425 | 2982
2457 ? [T 19467 | o436 | 48, 0| 387 | 5728 | swes | 517 | &7 i 572 | Xo | 97 |
installed in 3 [12 0045 | 30318 | 442 | wse | sesl | szes | 5175 | &r il 455 | 20411 | 2080
Gradation 2 4 [12 19973 | 30209 | 441, 3 | %65 | so40 | 80 | en | & iy 306 | teara | 916 |
{Sandy Gravel) 5 12,10 ] 19681 | 20788 | 4345 12.9 3800 748 83.91 5752 B700 127.0 13310 204354 2983
6 [7210 | @& | 20106 | 50410 | 4440 | 152 | 3837 | 5808 | #475 | 5747 | 6eaz | 1269 | 14145 | 21384 | 3124
7 2t 20062 | 50677 | 4478 | 134 | 3961 | 5840 | 8506 | 5ead | boow | 1286 | 1597 | 21170 | w09t
8 12 9620 | 29675 | 4333 | 128 | 310 | 57es | #413 | 5818 | 6800 | 1285 | fsars | 20se2 | a0es
s [12 9680 | 30220 | 4412 | 135 | 3148 | 5670 | 8279 | Seal | Ge0s | 1257 || 1364 | 2094 | 3050
10 [12 9519 | 052 | 4310 | 130 | 3756 | Gees | 8203 | 5735 | Bera | 1266 || 13054 | o047 | 2e07
Rverage 18823 | 26601 | 431d | 152 | 3777 | 67is | 8ad1 | 57 | Gegs | 1288 | iaee | 2oezr | abiz
Siendard Deviation 16 | 4% | 622 | 021 | 5531 | B3bs | 122 | Bio | @5 | 176 | o106 | dess | 68e
% COV 142 1.42 142 157 1.46 146 148 0.99 .59 0.63 2% 228 228

Fereert Retained | | | 554 G54 5.4 646 104.8 104.9 104.8 1028 1028 102 B 1123 1123 1123
I_m:m 1 [ I B .

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,
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Table D-20. Installation damage wide width tensile test results for TenCate Miragrid 24XT geogrid, soil gradation 3.
Installation damage testing (ASTM DSB1E, as modified in AASHTO RE6S-15).
Wide wide tensile testing (ASTM D837, Method B).

Machine Direction _
Ribs per | Number | Maximum Maximumlwaximumigmtiur Load Load Load Lead Load Load load Load Load
Sample Speci Foot | of Ribs | Lead Load Load |@Break] @2% | @2% | @2% | @5% | @5% | @5% | @10% | @10% | @10%
|dentification Mumbee | Width | Tested | [Ibs) | (ibsffe) | (kNim) | (%) I (ksft) | (kNim] Ibs {Ibsift) | (kNim] Ibs (Ibesiit) (KNIm}
1 12.10 ) 21182 | 32038 | 4678 16.2 3519 5322 J1.70 5500 3319 1215 11763 17792 25048
248T 2 12.10 i) 20833 | 31510 | 4800 15.1 3596 5439 79.41 5536 6464 123.6 12043 18214 2659
Baseline 3 21 1277 | 32182 | 460, 58 3518 5471 | 79.88 | 58 G458 | 123 2311 i 718
4 21 20017 | 31635 | 461 53 321 5477 | 7987 | 5608 G482 | 123 12107 3 2674
5 4 19735 | 20881 | 438, 56 3656 5620 | 80.73 | ST07 8632 | 1. 12477 g 2755
Average 20783 | 31443 | 4581 155 3802 5443 [ 7954 | 58N 8471 1237 || 12140 18362 a1 |
Standard Deviation B16.4 9323 1361 042 51.1 7.4 1.13 T35 111.1 1.62 7T 411 6.00
% COV 287 297 287 268 1.42 1.42 142 1.31 1.31 1,31 .4 224 224
Machine Direction _
Ribs per | Mumbar i Aaximurm] M aod Emlior Load Load Load Load Load Load Load Load Load

Sample  [Specimer{ Fost | ofRbs | Load | load | Load |@Break| @2% | @2% | @2% | @5% | @5% | @5% [@ 0% | @10% | @10%

identfication | Mumber | Width | Tested | (lbs) [ (ios'f) | (kiim) % los | (st | (kNim) | lbs esift) | (kMim) § lbs | (bsit (ki)
1 i1 19003 | 26742 | 4198 2 738 | aTde 389 | 5674 | B5E2 | 1253 | 13635 | D0eD: 3011
40T 2 2 8383 | 26721 | 4183 2 3671 | 5352 | 8106 | 5534 370 .2 242 | 0028 | 2924
installed in 3 2 9380 | 29312 | 4280 2 3654 5527 B9 | 5545 387 24 415 20280 296.2
Gradatian 3 4 £ 9368 | 29284 | 4277 3 3673 5355 A | 5472 276 08 247 20036 225
[Sand) 5 12.10 g 18261 | 27620 | 4032 124 3611 5462 79.74 5473 B2TE 1209 § 12864 18608 2863
6 12.10 8 19858 | 30035 | 4365 | 150 | 3856 | 5835 | 8519 | 5699 | 8620 | 1258 J 14212 | 21496 | 3138
7 a1 18396 | 29335 | 4283 H 3763 | 5682 | 83.10 | 5586 449 | 1234 | 15817 | 20696 | 3051
8 2 9205 | 25048 | 4241 P 738 | 5654 | 8254 | 5595 462 | 1236 J 13522 | 20452 | 2986 |
9 2 8714 | 28305 | 4133 23 1483 526 1681 | 5696 614 pok 3807 20883 304,
10 2 8113 | 27395 | 400.0 17 1967 00 8760 | SBH 518 8. 4240 21538 34
Average 19029 | 267E1 | 4202 | 126 | 3730 | sans | a2qe | Sei0 | edes | 1239 § 15610 | 20588 | 3004
Stendard Deviation 538.7 16 | 1182 | 041 | 13559 ] 20508 | 299 | 1138 | 1722 | 251 N 4178 | 6311 8.2 |
% COV 284 284 284 325 364 364 364 203 2.03 2.03 3.07 3.07 3.07
Percant Retainad | | | 815 | 918 9.5 813 1033 | 1033 | 1033 | 1002 | 1002 | 1002 § 1131 112.1 1121
I RFid | [ | 108 | 1.08 | 108

The testing herein is based upon accepted industry practice as well as the test methed isted. Test results reported harein do net apply to sampies other than thoss testad,

REDKROCK 234




APPENDIX:

REDIROCK

1.2.4 NTPEP REPORT

NTPEP Iune 2019 Final Report
Report Expiration Date: June 2028

REGEO-2016-01-[ Tencate-Miragrid XT]

Table D-21. Standard test soil gradations (% passing).

Standard Installation Damage Soils Used for Field Exposures

US Sieve | Sieve Size Percent Passing by Weight
No. (mm) Tipel 57 stone Typgl 1aled
(Coarse Gravel) (Sandy Gravel) (Silty Sand)
6-in 150 100.0 100.0 100.0 100.0
3-in 75 100.0 100.0 100.0 100.0
2-in. 30 100.0 100.0 100.0 100.0
1.5-1in. 38 - 100.0 100.0 100.0
1-in 25 26.4 100.0 100.0 100.0
3/4 - in. 19 1.6 71.0 100.0 100.0
1/2 - in. 12.5 - 42.0 - 100.0
3/8 - in, 9.5 1.1 23.5 99.1 100.0
No. 4 4.75 1.1 5 40.5 100.0
No. 10 1.7 1.1 0.0 42 77.6
No. 20 0.83 Xl 0.0 34 48.8
No. 40 0.425 1.0 0.0 33 33.1
No. 60 0.25 - 0.0 - 21.5
No. 100 0.15 - 0.0 - 12.2
No. 200 0.075 - 0.0 - 4.4
D50, mm 22.6 14 5.3 0.9
LA Abrasion
Sﬁ:&ﬂg‘ 20.2% loss 12.6% loss
500 Cycles
Liquid Limit, %o - - -
Plasticity Index, % - - -
Angularity Angular to Angular to Angular Angular to
(ASTM D 2488 ) Subangular Subangular B Subangular
C-I‘Z;;ibffc[‘felﬂ(i:(l)n No. 4 Aggregate A;&Le No. 89 Agpregate A-1b Soil
GP GP GP SM
Soil Classification Poorly Graded | Poorly Graded | Poorly Graded |Well Graded Silty
Gravel Gravel Gravel with Sand Sand
D-22
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Figure D-1. Lifting Plates positioned between ties and covered with first lift of compacted
soil/aggregate.

Figure D-2. Grid positioned over compacted base and covered. Cover
soil/aggregate is uniformly spread and compacted using field-scale equipment and
procedures.

D-23
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Figure D-3. The density of the compacted soil is measured with a nuclear density gauge.

Figure D-4. The steel plates are tilted to facilitate exhumation.

D-24
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Appendix E: ISO/EN Laboratory Installation Damage Detailed Test
Results

E-1

238
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E.1 ISO/EN Laboratory Installation Damage Test Program

Testing is done per the EN/ISO 10722, Five wide width tensile specimens are exposed to 200
cyeles producing between 209 b/ (10 kPa) minimum and 10,443 1b/4* (500 kPa) maximum
stress at a frequency of 1 Hz. The aggregate used is a sintered aluminum oxide with a grain size
such that 100% shall pass a 10 mm sieve and 0% shall pass a 5 mm sieve. The exposed
specimens and five baseline specimens are tested according to ISO/EN 10319.

Representative photos of test apparatus and aggregate are provided in Figures E-1 and E-2.
Detailed test results ars provided in Tables E-1 through E-9.

Figure E-2. ISO/EN 10722, laboratory installation damage aggregate.
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Table E-1. Laboratory installation damage (ISO/EN 10722) tensile test results for 2XT

STD. COEF. PERCENT
PARAMETER TEST REPLICATE NUMBER MEAN DEV. VAR RETAINED
: ] 2 3 4 5
Laboratory Installation Damage (ISO/EN 10722)
Strength Retained measured via wide width tensile (ISO/EN 10319)
MD Number of Ribs per Specimen: 7
MD Number of Ribs per foot: 10.80
MD - Tensile Strength (Ibs) - B 17861 1770 1802 1821 1735 1782 33 2
MD Tensile Strength (Ibsfft) - B 2748 2731 Z7a0 2810 28677 2749 50 2
MD Tensile Strength (KN/m) - B 401 399 40.6 41.0 3981 40,1_ 0.7 18
MD - Tensile Strength (Ibs)- E 1529 1505 1727 1662 1595 | 1604 ]| 92 6
MD Tensile Strength (lbsfit) - E 2359 2322 2665 2564 2461 2474 | 142 5
MD Tensile Strength (kN/m) - E 344 339 389 37.4 359 [ 381 | 21 &7
MD - Elong. @ Max. Load (%)- B 914 917 933 950 873 917 0.3 31
MD - Elong. @ Max. Load (%)- E 773 787 905 861 826 8.30 05 65

B - Baseline Unexposed
E - Exposed

MD - Machine Direction  TD - Transverse/Cross Machine Direction

The testing herein is based upon accepted indusiry practice as well as the test method listed. Test results reported herein do not apply

to samples other than those tested.

REDIROCK
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Table E-2. Laboratory installation damage (ISO/EN 10722) tensile test results for 3XT

STD. COEF. PERCENT

PARAMETER TEST REPLICATE NUMBER MEAN  DEV. VARI. RETAINED
: ] 2 3 4 5
Laboratory Installation Damage (ISO/EN 10722)
Strength Retained measured via wide width tensile (ISO/EN 10319)
MD Number of Ribs per Specimen: 7
MD Number of Ribs per foot 1076
MD - Tensile Strength (Ibs)- B 2469 2492 2540 2480 2580 [2512 | 47 2
MD Tensile Strength (Ibsfft) - B 3790 3826 3839 3807 3981 3857 T2 2
MD Tensile Strength (kN/m) - B 55.3 559 56.9 55.6 57.8 | 563 | 1.0 19
MD - Tensile Strength (Ibs)- E 2400 1999 2199 2302 2125 2205 156 7
MD Tensile Strength (lbsfit) - E 3684 3069 3376 3534 3262 3385 | 238 7
MD Tensile Strength (kN/m) - E 538 448 4923 61.6 478 494 35 70
MD - Elong. @ Max. Load (%)- B 913 933 104 938 998 9.66 05 54
MD-Elong. @ Max Load (%)-E 981 130 872 868 110 10.2 18 179

B - Baseline Unexposed
E - Exposed

MD - Machine Direction  TD - Transverse/Cross Machine Direction

The testing herein is based upon accepted indusiry practice as well as the test method listed. Test results reported herein do not apply

to samples other than those tested.
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Table E-3. Laboratory installation damage (ISO/EN 10722) tensile test results for 5XT

STD. COEF. PERCENT

PARAMETER TEST REPLICATE NUMBER MEAN DEV. VAR RETAINED
: ] 2 3 4 5

Laboratory Installation Damage (ISO/EN 10722)
Strength Retained measured via wide width tensile (ISO/EN 10319)
MD Number of Ribs per Specimen: T
MD Number of Ribs per foot: 10.71
MD - Tensile Strength (Ibs) - B 3334 3350 3206 3245 3214 60 2
MD Tensile Strength (Ibsfft) - B 5100 5138 5042 4964 4918 | 5032 | 92 2
MD Tensile Strength (KN/m) - B 745 75.0 736 725 71.8 73.5 1.3 18
MD - Tensile Strength (Ibs)- E 3091 2847 3142 3195 2922 3039 148 5
MD Tensile Strength (lbsfit) - E 4728 4355 4806 4887 4470 4649 | 227 5
MD Tensile Strength (kN/m) - E 89.0 6386 70.2 71.4 853 67.9 2.3 49
MD - Elong. @ Max. Load (%)- B 104 101 104 104 998 10.3 0.2 20
MD - Elong. @ Max. Load (%)- E 994 937 108 103 074 10.0 05 54
B - Baseline Unexposed
E - Exposed

MD - Machine Direction  TD - Transverse/Cross Machine Direction

The testing herein is based upon accepted indusiry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested.
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Table E-4. Laboratory installation damage (ISO/EN 10722) tensile test results for 7XT

STD. COEF. PERCENT
PARAMETER TEST REPLICATE NUMBER MEAN  DEV. VARI. RETAINED
: ] 2 3 4 5
Laboratory Installation Damage (ISO/EN 10722)
Strength Retained measured via wide width tensile (ISO/EN 10319)
MD Number of Ribs per Specimen: T
MD Number of Ribs per foot 1068
MD - Tensile Strength (Ibs)- B 4478 4383 4402 4286 4295 4369 80 2
MD Tensile Strength (Ibsfft) - B 6830 6885 6714 B537 6551 6663 122 2
MD Tensile Strength (kN/m) - B 99.7 976 98.0 95.4 956 97.3 1.8 18
MD - Tensile Strength (Ibs)- E 3529 3049 3285 3930 3705 3500 345 10
MD Tensile Strength (lbsfit) - E 5382 4650 5010 5994 5651 5338 | 527 10
MD Tensile Strength (kN/m) - E 788 679 73.2 87.5 825 77.9 T 99
MD - Elong. @ Max, Load (%)- B 120 116 117 114 112 115 04 32
MD- Elong. @ Max. Load (%)-E 956 924 958 107 101 9.84 06 58

B - Baseline Unexposed
E - Exposed

MD - Machine Direction  TD - Transverse/Cross Machine Direction

The testing herein is based upon accepted indusiry practice as well as the test method listed. Test results reported herein do not apply

to samples other than those tested.
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Table E-5. Laboratory installation damage (ISO/EN 10722) tensile test results for 8XT

STD. COEF. PERCENT
PARAMETER TEST REPLICATE NUMBER MEAN  DEV. VARI. RETAINED
: ] 2 3 4 5
Laboratory Installation Damage (ISO/EN 10722)
Strength Retained measured via wide width tensile (ISO/EN 10319)
MD Number of Ribs per Specimen: 7
MD Number of Ribs per foot 10.91
MD - Tensile Strength (Ibs)- B 5431 5448 5267 5322 5289 5351 | &3 2
MD Tensile Strength (Ibsfft) - B 8461 8487 8205 8291 8240 B337 129 2
MD Tensile Strength (kN/m) - B 124 124 120 121 120 EEFFI z 2
MD - Tensile Strength (Ibs)- E 4310 4507 4892 4661 4486 4571 | 218 5
MD Tensile Strength (lbsfit) - E 6714 7021 7621 7261 6980 7121 340 5
MD Tensile Strength (kN/im) - E ag 102 111 108 102 104 6 5]
MD - Elong. @ Max. Load (%}- B 119 119 117 M7 17 1.8 01 09
MD - Elong. @ Max. Load (%)~ E 102 102 109 117 993 0.6 07 68

B - Baseline Unexposed
E - Exposed

MD - Machine Direction  TD - Transverse/Cross Machine Direction

The testing herein is based upon accepted indusiry practice as well as the test method listed. Test results reported herein do not apply

to samples other than those tested.

REDIROCK

244



APPENDIX:

MNTPEP June 2019 Final Report
Report Expiration Date: June 2028

1.2.4 NTPEP REPORT

REGEQ-2018-01-[TenCate-Miragrid XT]

Table E-6. Laboratory installation damage (ISO/EN 10722) tensile test results for 10XT

STD. COEF. PERCENT

PARAMETER TEST REPLICATE NUMBER MEAN  DEV. VARI. RETAINED
: ] 2 3 4 5
Laboratory Installation Damage (ISO/EN 10722)
Strength Retained measured via wide width tensile (ISO/EN 10319)
MD Number of Ribs per Specimen: 7
MD Number of Ribs per foot 1078
MD - Tensile Strength (Ibs)- B 7757 7221 7193 7567 7535 7455 | 242 3
MD Tensile Strength (Ibsfft) - B 11947 11122 11079 11855 11605 _1 481 372 3
MD Tensile Strength (KN/m) - B 174 162 162 170 169 168 5 3
MD - Tensile Strength (Ibs)- E 6700 6577 5787 6176 6612 383 6
MD Tensile Strength (lbsft) - E 10319 10130 8913 9512 10184 590 5
MD Tensile Strength (kN/im) - E 161 148 130 139 149 [ 143 | 9 8
—e o —

MD - Elong. @ Max. Load (%}- B 142 128 128 136 135 13.3 06 48
MD - Elong. @ Max_ Load (%)- E 130 120 110 113 119 1.8 0.8 65

B - Baseline Unexposed
E - Exposed

MD - Machine Direction  TD - Transverse/Cross Machine Direction

The testing herein is based upon accepted indusiry practice as well as the test method listed. Test results reported herein do not apply

to samples other than those tested.
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Table E-7. Laboratory installation damage (ISO/EN 10722) tensile test results for 20XT

STD. COEF. PERCENT
PARAMETER TEST REPLICATE NUMBER MEAN  DEV. VARI. RETAINED
: ] 2 3 4 5
Laboratory Installation Damage (ISO/EN 10722)
Strength Retained measured via wide width tensile (ISO/EN 10319)
MD Number of Ribs per Specimen: 8
MD Number of Ribs per foot 12.09
MD - Tensile Strength (Ibs)- B 11213 11501 11707 11878 11801 11620 | 268 2
MD Tensile Strength (Ibsfft) - B 16948 17383 17685 17953 17837 17563 400 2
MD Tensile Strength (kN/m) - B 247 254 258 262 260 | 256 | 8 2
MD - Tensile Strength (Ibs)- E 9968 10258 10280 10850 10857 10443 395 4
MD Tensile Strength (lbsfit) - E 15066 15504 15538 16399 16410 15783 | 597 4
MD Tensile Strength (kN/im) - E 220 226 227 239 240 230 9 4
MD - Elong. @ Max. Load (%}- B 123 121 127 127 125 12.5 03 21
MD - Elong. @ Max. Load (%) - E 105 113 109 114 115 1.1 0.4 37

B - Baseline Unexposed
E - Exposed

MD - Machine Direction  TD - Transverse/Cross Machine Direction

The testing herein is based upon accepted indusiry practice as well as the test method listed. Test results reported herein do not apply

to samples other than those tested.
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Table E-8. Laboratory installation damage (ISO/EN 10722) tensile test results for 22XT

STD. COEF. PERCENT
PARAMETER TEST REPLICATE NUMBER MEAN  DEV. VARI. RETAINED
: ] 2 3 4 5
Laboratory Installation Damage (ISO/EN 10722)
Strength Retained measured via wide width tensile (ISO/EN 10319)
MD Number of Ribs per Specimen: 8
MD Number of Ribs per foot 12.09
MD - Tensile Strength (Ibs)- B 15275 14914 15760 15930 16005 16577 | 457 3
MD Tensile Strength (Ibsfft) - B 23092 22546 238206 24082 24185 23548 706 3
MD Tensile Strength (kN/m) - B 337 329 348 352 353 344 10 3
MD - Tensile Strength (Ibs)- E 15043 14130 14088 14065 14575 14380 | 426 3
MD Tensile Strength (lbsft) - E 20741 21361 21297 21262 22033 21739 | 643 3
MD Tensile Strength (kN/im) - E 332 312 n 310 322 317 9 3
MD - Elong. @ Max. Load (%}- B 138 136 133 139 139 13.7 03 20
MD - Elong. @ Max. Load (%) - E 134 125 124 121 130 127 05 41

B - Baseline Unexposed
E - Exposed

MD - Machine Direction  TD - Transverse/Cross Machine Direction

The testing herein is based upon accepted indusiry practice as well as the test method listed. Test results reported herein do not apply

to samples other than those tested.
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Table E-9. Laboratory installation damage (ISO/EN 10722) tensile test results for 24XT

STD. COEF. PERCENT
PARAMETER TEST REPLICATE NUMBER MEAN DEV. VAR RETAINED
: ] 2 3 4 5
Laboratory Installation Damage (ISO/EN 10722)
Strength Retained measured via wide width tensile (ISO/EN 10319)
MD Number of Ribs per Specimen: 8
MD Number of Ribs per foot: 12.10
MD - Tensile Strength (Ibs) - B 20750 20011 21124 21087 20925 20959 | 151 1
MD Tensile Strength (Ibsfft) - B 32189 32439 32769 32712 32481 _34 514 234 1
MD Tensile Strength (KN/m) - B 470 474 478 478 474 475 3 1
MD - Tensile Strength (Ibs)- E 18937 17610 19285 18341 18537 | 18554 | 636 2
MD Tensile Strength (lbsft) - E 20377 27318 29916 28452 28649 987 3
MD Tensile Strength (kN/im) - E 429 399 437 415 421 | 420 | 14 3
MD - Elong. @ Max Load (%}- B 130 138 141 139 142 14.0 02 12
MD - Elong. @ Max. Load (%)- E 125 123 131 132 124 12.7 0.4 33

B - Baseline Unexposed
E - Exposed

MD - Machine Direction  TD - Transverse/Cross Machine Direction

The testing herein is based upon accepted indusiry practice as well as the test method listed. Test results reported herein do not apply

to samples other than those tested.
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Appendix F: Creep Rupture Detailed Test Results

F-1
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Table F-1: Explanation/Key for Individual Creep Test Data Tables/Figures

Accelerated Creep Rupture via SIM - ASTM D 6992

Spresdshest Filename SUMMARY CREEP PARAMETERS: MTEER - Manufacturee
Praduck
Specimen: Test Filename Test Date: O1-Jan-07 Methad S (10's. 14C) singile rib, machine dir.
Mvarage Cresp Strass:  BEO  kNim BUTS:  8E.00
LIt Tansla a!aﬂ 100.0 Ikl Rupture: YES
Dwell Seq T L (L) VEhifl) Temy T
1 o o5 a5 2 & 20,00 z logh T = Horizental shift factor
z 8500 10000 00 o 1.2600 34.00 0.0800 / for each tamperature step expressed
3 18500 20000 500 ot 1.2600 4800 0.0000 ] per degrea C
4 29500 30000 a00 ot 1.2500 6200 0500
5 38500 40000 00 o1 \m 7600 %‘ b
8 4500 50000 500 0.1 2800 £0.00 0.0800 Average tamperature for each step
Summare | Initial Final Units @200l ave] o.0s00
laks time ] 80000 oo :
legAqitt) 18842 47782 log hours 5.0000
Belhr) < 17.25 yoars 114,00 W logéy = Horlzontal shift factor for each temperature step
Srain 2500 12.500 k] -
Modirkis. 00,0 000 KNim 2
[y T shift%) = Vertical shift to offset system temperature expansion
% Strain and Creep Modulus at end of test

Rupture Time expressed in log hours and years
% Strain and Creep Modulus at onset of creep

t = The actual start ime of each temperature step

= The theoritical start tirme of each temperature step

F2
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Accelerated Creep Rupture via SIM - ASTM D 6992

SUMMARY CREEP PARAMETERS: NTPEF - TenCate

Miragrid 2XT
Specimen: 27463n2m-2XT-sim? Test Date: June 2017 Method: SIM (10%s, 14C) single rib, machine dir.
Average Creep Stress: 1954 bt %UTS: 70.96
Ultimate Tensile Strength: 2753 It Rupture: YES
Crwell Seq ¥ 1 {1t Wehift{%) logd, Tamp logd /T
1 0 05 0.5 - - 19.7 -
2 4700 10020 320 0.095 1.4949 341 0.1034
3 19760 20010 60 0.1 1.5976 485 0.1109
4 29800 30000 200 0.14 1.7091 631 0.1174
5 39400 39990 530 013 1.2363 793 00762
B
Summary Initial Final Units @20C reflT AVGI 0102
lab time ik 40320 Sec -
logA, {t-t) 17478 9.0015 log hours 54100
At - .80 years 2032
Strain 7.59 12.009 % -
Modulus 25764.2 3870.0 Io/ft
14
12 J'
4
10 -
s =
....-—-""'"-__” ol
8‘ B el

STRAIN (%)
@

-4 -3 -2 -;l 0 1 2 3 4 b 5]
LOG TIME (hr)

Figure F-1. SIM/Creep datafcurve for 2XT at load level of 70.96% UTS.
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Accelerated Creep Rupture via SIM - ASTM D 6992

SUMMARY CREEP PARAMETERS: NTPEF - TenCate

Miragrid 2XT
Specimen: 27463n2m-2XT-sim? Test Date: June 2017 Method: SIM (10%s, 14C) single rib, machine dir.
Average Creep Stress: 2065 bt %UTS: 76.00
Ultimate Tensile Strength: 2753 Ioft Rupture: YES
Crwell Seq ¥ 1 {1t Wehift{%) Iodh Temp logd /T
1 0 05 0.5 - - 19.7 -
2 9500 10019 ] 0.08 1.2840 341 0.0888
3 19760 20009 259 0.1 1.6063 485 01115
4 29800 29999 199 0.18 1.7096 638 01123
5
B
Summary Initial Final Units @20C reflT AVGI 01043
lab time 433 3o Sec -
logA, {t-t) 16360 7.7169 log hours 41304
At - 1.65 years 154
Strain 7.60 11.442 % -
Modulus 273796 18044.7 Io/ft
14
12
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Figure F-2. SIM/Creep datafcurve for 2XT at load level of 76.0% UTS.
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APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Repaort REGEQ-2016-01-[TenCate-Miragrid XT]
Report Expiration Date: June 2028

Accelerated Creep Rupture via SIM - ASTM D 6992

SUMMARY CREEP PARAMETERS: NTPEF - TenCate

Miragrid 2XT
Specimen: 27463n2m-2XT-sim?’ Test Date: June 2017 Method: SIM (10%s, 14C) single rib, machine dir.
Average Creep Stress: 2175 bt %UTS: 79.00
Ultimate Tensile Strength: 2753 Ioft Rupture: YES
Crwell Seq ¥ 1 {1t Wehift{%) Iodh Temp logd /T
1 0 035 0.5 - - 19.7
2 9500 10019 ] 0.06 1.2841 341 0.0888
3 19600 20009 409 0.05 1.4082 451 0.0938
4
5
B
Summary Initial Final Units @20C reflT AVGI 0.0914
lab time 380 21719 Sec -
logA, {t-t) 15798 6.0185 log hours 24319
At - 0.03 years 003
Strain 6.04 9664 % -
Modulus 35936.8 22509.2 Io/ft
12
10
-'—-”/
..o-'-"'-_l‘-—”.-
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Figure F-3. SIM/Creep data/curve for 2XT at load level of 78.0% UTS.
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APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Repaort REGEQ-2016-01-[TenCate-Miragrid XT]
Report Expiration Date: June 2028

Accelerated Creep Rupture via SIM - ASTM D 6992

SUMMARY CREEP PARAMETERS: NTPEF - TenCate

Miragrid 2XT
Specimen: 27463n2m-2XT-sim8 Test Date: June 2017 Method: SIM (10%s, 14C) single rib, machine dir.
Average Creep Stress: 2286 bt %UTS: 83.00
Ultimate Tensile Strength: 2753 Ioft Rupture: YES
Crwell Seq ¥ 1 {1t Wehift{%) Iodh Temp logd /T
1 0 05 0.5 - - 19.7
2 4750 10020 270 0.06 1.5688 345 0.1055
3
4
5
B
Summary Initial Final Units @20C reflT AVGI 01055
lab time 405 12390 Sec -
logA, {t-t) 16075 49903 log hours 13881
At - 0.00 years 0.00
Strain 7.43 9.994 % -
Modulus 296135 22865.2 Io/ft
12
10 | #
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_’__’_.-___‘____,_..___-—-"‘
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Figure F-4. SIM/Creep datalcurve for 2XT at load level of 83.0% UTS.
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APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Repaort REGEQ-2016-01-[TenCate-Miragrid XT]
Report Expiration Date: June 2028

Accelerated Creep Rupture via SIM - ASTM D 6992

SUMMARY CREEP PARAMETERS: NTPEF - TenCate

Miragrid 8XT
Specimen: 27463n2m-8XT-sim6 Test Date: June 2017 Method: SIM (10%s, 14C) single rib, machine dir.
Average Creep Stress: 5872 bt %UTS: 68.00
Ultimate Tensile Strength: 8636 Ioft Rupture: YES
Crwell Seq ¥ 1 {1t Wehift{%) Iodh Temp logd /T
1 0 05 0.5 - - 19.7 -
2 9500 10020 520 0.115 1.2839 341 0.0888
3 19500 20010 510 013 1313 485 0.0912
4 29500 30000 500 0.09 132113 631 0.0908
5 39500 39990 430 013 1.3297 776 00913
5} 49500 49980 420 018 1.3382 928 0.0857
Sumrnary Initial Final Units @20C refT AVG' 0.0903
lab time M3 51300 Sec -
logA, {t-t) 17104 9.8413 log hours 5.2548
At - 21990 years 20512
Strain 5.64 12.084 % -
Modulus 68166.7 43596.3 Io/ft -
14
12 - o
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Figure F-5. SIM/Creep data/curve for 8XT at load level of 68.0% UTS.
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APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Repaort REGEQ-2016-01-[TenCate-Miragrid XT]
Report Expiration Date: June 2028

Accelerated Creep Rupture via SIM - ASTM D 6992

SUMMARY CREEP PARAMETERS: NTPEF - TenCate

Miragrid 8XT
Specimen: 27463n2m-8XT-sim? Test Date: June 2017 Method: SIM (10%s, 14C) single rib, machine dir.
Average Creep Stress: 6132 bt %UTS: 71.00
Ultimate Tensile Strength: 8636 Ioft Rupture: YES
Crwell Seq ¥ 1 {1t Wehift{%) Iodh Temp logd /T
1 0 035 0.5 - - 19.7 -
2 9000 10019 1019 0.1 09912 341 0.0685
3 19400 20009 609 012 1.2556 485 0.0872
4 29500 29999 439 0.05 1.3258 631 0.0911
5 39500 39989 489 005 1.3298 778 0.0903
8
Summary Initial Final Units @20C reflT A\JGI 0.0843
lab time 61.7 44669 Sec -
logA, {t-t) 1.7900 8.6155 log hours 50359
At - 13.07 years 12.39
Strain 8.98 12154 % -
Modulus 68253.0 50449.9 Io/ft
14
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Figure F-6. SIM/Creep datalcurve for 8XT at load level of 71.0% UTS.
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APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Repaort
Report Expiration Date: June 2028

Accelerated Creep Rupture via SIM - ASTM D 6992

SUMMARY CREEP PARAMETERS: NTPEF - TenCate

REGEQ-2016-01-[TenCate-Miragrid XT]

Miragrid 8XT
Specimen: 27463n2m-8XT-sim? Test Date: June 2017 Method: SIM (10%s, 14C) single rib, machine dir.
Average Creep Stress: 39 bt %UTS: 74.00
Ultimate Tensile Strength: 8636 Ioft Rupture: YES
Crwell Seq ¥ 1 {1t Wehift{%) Iodh Temp logd /T
1 0 035 0.5 - - 19.7 -
2 9200 10019 819 016 1.0860 341 0.0751
3 19200 20009 809 018 11244 485 0.0781
4 29800 29999 399 0.09 1.4307 631 0.0983
5 39500 39989 489 013 1.3256 779 0.08:
8
Sumrary Initial Final Units @20C refT AVG' 0.0852
lab time a7 42119 Sec -
logA, {t-t) 17458 8.3849 log hours 43030
At - 7.69 years 7.25
Strain 8.72 11.605 %
Modulus 735022 55069.9 Io/ft
14
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Figure F-7. SIM/Creep datalcurve for 8XT at load level of 74.0% UTS.
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APPENDIX:

1.2.4 NTPEP REPORT

NTPEP June 2019 Final Repaort
Report Expiration Date: June 2028

REGEQ-2016-01-[TenCate-Miragrid XT]

Accelerated Creep Rupture via SIM - ASTM D 6992

SUMMARY CREEP PARAMETERS: NTPEP - TenCate
Miragrid 8XT

Specimen: 27463n2m-8XT-sim?

Test Date: June 2017

Method: SIM (10%s, 14C) single rib, machine dir.

REDIROCK

LOG TIME (hr)

Average Creep Stress: 6650 bt %UTS: 77.00
Ultimate Tensile Strength: 8636 Ioft Rupture: YES
Crwell Seq ¥ 1 {1t Wehift{%) Iodh Tamp logd /T
1 0 05 035 - - 19.7
2 9500 10019 ] 014 1.2841 341 0.0888
3 19500 20009 508 013 13134 485 Dom2
4 29500 79939 439 01 13216 661 0.0751
5
B
Summary Initial Final Units @20C reflT AVGI 0.0843
lab time 575 30209 Sec -
logh, t-t) 17597 6.7644 log haurs 31833
At - 01% years 017
Strain 9.3 12111 % -
Modulus 71558.0 54907 4 [
14
* /- d
10 e il
)
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T &
Z /
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r 6
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4
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0 ———cy 1
B 2 4 1 2 3 4

Figure F-8. SIM/Creep data/curve for BXT at load level of 77.0% UTS.



APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Repaort
Report Expiration Date: June 2028

REGEQ-2016-01-[TenCate-Miragrid XT]

Accelerated Creep Rupture via SIM - ASTM D 6992

SUMMARY CREEP PARAMETERS: NTPEF - TenCate

REDIROCK

Miragrid 8XT
Specimen: 27463n2m-8XT-simd Test Date: June 2017 Method: SIM (10%s, 14C) single rib, machine dir.
Average Creep Stress: 6909 bt %UTS: 80.00
Ultimate Tensile Strength: 8636 Ioft Rupture: YES
Crwell Seq ¥ 1 {1t Wehift{%) Iodh Temp logd /T
1 0 035 0.5 - - 19.7 -
2 9500 10019 519 0.09 1.2840 341 0.0888
3 19300 20009 709 0.08 1.1694 452 0.0778
4
5
B
Summary Initial Final Units @20C reflT AVGI 0.0832
lab time M3 21629 Sec -
logA, {t-t) 18545 5.8207 log hours 22342
At - 0.02 years 0.02
Strain 10,58 13.538 %
Modulus 65634.4 51022.6 Io/ft
16
14 + 1 2 .
--"/
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Figure F-9. SIM/Creep data/curve for 8XT at load level of 80.0% UTS.



APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Repaort REGEQ-2016-01-[TenCate-Miragrid XT]
Report Expiration Date: June 2028

Accelerated Creep Rupture via SIM - ASTM D 6992

SUMMARY CREEP PARAMETERS: NTPEF - TenCate

Miragrid 8XT
Specimen: 27463n2m-8XT-5im8 Test Date: June 2017 Method: SIM (10%s, 14C) single rib, machine dir.
Average Creep Stress: 7168 bt %UTS: 83.00
Ultimate Tensile Strength: 8636 Ioft Rupture: YES
Crwell Seq ¥ 1 {1t Wehift{%) logd, Tamp logd /T

1 0 05 0.5 - - 19.7
2 9400 10020 620 0.04 1.2074 342 0.0831
3
4
5
B

Summary Initial Final Units @20C reflT AVGI 0.0831

lab time 733 17430 Sec -

logA, {t-t) 1.8649 51121 log hours 15275

At - 0.00 years 0.00
Strain 10.84 14.023 % -
Modulus 66106.4 51111.2 Io/ft
16
o-"'""’—'-f
l'_'_,_...---"'

-
o o
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STRAIN (%)
T —]

-4 -3 2 -1 0 1 2
LOG TIME (hr)

Figure F-10. SIM/Creep datalcurve for 8XT at load level of 83.0% UTS.
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APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Repaort REGEQ-2016-01-[TenCate-Miragrid XT]
Report Expiration Date: June 2028

NTPEP -Tencate
ConventionalCreep TestResults -ASTMD 5262

8XT
14
74.0 % UTS Finished without rupture @ 10,000 hrs
12
10 ittt
z e
< 8+
& 4
—
w 6
N
4
2
J Reference Temperature - 20C
0 . . . . . .
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Figure F-11. Creep data/curve per ASTM D6262 for 8XT
at a lead level of 74.0% UTS and 68°F(20°C)
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APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Repaort REGEQ-2016-01-[TenCate-Miragrid XT]
Report Expiration Date: June 2028

NTPEP -Tencate
Conventional Creep TestResults -ASTM D 5262
8XT

14

76.0 % UTS Rupture @ 2488 hrs
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Figure F-12. Creep data/curve per ASTM D6262 for 8XT
at a lead level of 76.0% UTS and 68°F(20°C)
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APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Repaort REGEQ-2016-01-[TenCate-Miragrid XT]
Report Expiration Date: June 2028

NTPEP -Tencate
Conventional Creep TestResults -ASTM D 5262
8XT

14

71.5 % UTS Rupture @ 6804 hrs

12 -
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% STRAIN

2
{ Reference Tempetature - 20C
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LOG TIME (HR)

Figure F-13. Creep data/curve per ASTM D6262 for 8XT
at a lead level of 77.6% UTS and 68°F(20°C)
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APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Repaort REGEQ-2016-01-[TenCate-Miragrid XT]
Report Expiration Date: June 2028

NTPEP -Tencate
Conventional Creep TestResults -ASTMD 5262
8XT

14
79.0 % UTS Rupture @ 429 hrs
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2
j Reference Temperature - 20C

LOG TIME (HR)

Figure F-14. Creep data/curve per ASTM D6262 for 8XT
at a lead level of 79.0% UTS and 68°F(20°C)
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APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Repaort REGEQ-2016-01-[TenCate-Miragrid XT]
Report Expiration Date: June 2028

NTPEP -Tencate
Conventional Creep TestResults-ASTMD 5262
8XT

14

80.0 % UTS Rupture @ 145 hri/
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Figure F-15. Creep data/curve per ASTM D6262 for 8XT
at a lead level of 80.0% UTS and 68°F(20°C)
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APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Repaort REGEQ-2016-01-[TenCate-Miragrid XT]
Report Expiration Date: June 2028

NTPEP -Tencate
Conventional Creep TestResults -ASTM D 5262

8XT
14
81.0% UTS Rupture @ 110 hrs
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Figure F-16. Creep data/curve per ASTM D6262 for 8XT
at a lead level of 81.0% UTS and 68°F(20°C)
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APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Repaort REGEQ-2016-01-[TenCate-Miragrid XT]
Report Expiration Date: June 2028

Accelerated Creep Rupture via SIM - ASTM D 6992

SUMMARY CREEP PARAMETERS: NTPEF - TenCate

Miragrid 24XT
Specimen: 27463n2m-24XT-5im Test Date: June 2017 Method: SIM (10%s, 14C) single rib, machine dir.
Average Creep Stress: 19932 bt %UTS: 70.00
Ultimate Tensile Strength: 28474 Ioft Rupture: YES
Crwell Seq ¥ 1 {1t Wehift{%) Iodh Temp logd /T
1 0 05 0.5 - - 19.7 -
2 9300 10020 720 012 1.1424 341 0.0790
3 19300 20010 710 0143 11775 485 0.0817
4 29300 30000 700 01 1.1832 631 0.0813
5 39400 39990 530 015 1.2571 7B 0.0863
5} 49300 49980 620 016 11909 925 0.0801
Sumrnary Initial Final Units @20C refT AVG' 0.0817
lab time 762 50550 Sec -
logA, {t-t) 18820 9.0480 log hours 54648
At - 3539 years 33.26
Strain 9.75 12015 % -
Modulus 205824.8 165892 4 Io/ft -
14
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Figure F-17. SIM/Creep datalcurve for 24XT at load level of 70.0% UTS.
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APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Repaort REGEQ-2016-01-[TenCate-Miragrid XT]
Report Expiration Date: June 2028

Accelerated Creep Rupture via SIM - ASTM D 6992

SUMMARY CREEP PARAMETERS: NTPEF - TenCate

Miragrid 24XT
Specimen: 27463n2m-24XT-5im Test Date: June 2017 Method: SIM (10%s, 14C) single rib, machine dir.
Average Creep Stress: 21071 bt %UTS: 74.00
Ultimate Tensile Strength: 28474 Ioft Rupture: YES
Crwell Seq ¥ 1 {1t Wehift{%) Iodh Temp logd /T
1 0 05 0.5 - - 19.7 -
2 9200 10020 820 0.1 1.0857 341 0.0751
3 19200 20010 810 012 11244 485 0.0780
4 29200 30000 800 0.1 11291 631 0.0776
5 39200 39990 730 012 11342 778 0.0770
B
Summary Initial Final Units @20C reflT AVGI 0.0769
lab time o 44130 Sec -
logA, {t-t) 18862 81660 log hours 45842
At - 464 years 4.38
Strain 9.95 12673 % -
Modulus 2131854 1662531 Io/ft
14
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Figure F-18. SIM/Creep datalcurve for 24XT at load level of 74.0% UTS.
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APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Repaort REGEQ-2016-01-[TenCate-Miragrid XT]
Report Expiration Date: June 2028

Accelerated Creep Rupture via SIM - ASTM D 6992

SUMMARY CREEP PARAMETERS: NTPEF - TenCate

Miragrid 24XT
Specimen: 27463n2m-24XT-5im Test Date: June 2017 Method: SIM (10%s, 14C) single rib, machine dir.
Average Creep Stress: 210 bt %UTS: 78.00
Ultimate Tensile Strength: 28474 Ioft Rupture: YES
Crwell Seq ¥ 1 {1t Wehift{%) Iodh Temp logd /T
1 0 05 0.5 - - 19.7 -
2 8900 10020 120 0.1 0.9503 341 0.0857
3 18800 20010 1210 0.1 0.9617 485 0.0668
4 28900 30000 1100 0.1 1.0066 631 0.0692
5
B
Summary Initial Final Units @20C reflT JWGI 0.0672
lab time 84.0 19960 Sec -
logA, {t-t) 19242 6.9625 log hours 33838
At - 0.29 years 0.28
Strain 11.05 13.252 % -
Modulus 2023486 167564 4 Io/ft
14
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Figure F-19. SIM/Creep datalcurve for 24XT at load level of 78.0% UTS.
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APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Repaort
Report Expiration Date: June 2028

REGEQ-2016-01-[TenCate-Miragrid XT]

Accelerated Creep Rupture via SIM - ASTM D 6992

SUMMARY CREEP PARAMETERS: NTPEF - TenCate

Miragrid 24XT
Specimen: 27463n2m-24XT-sim Test Date: June 2017 Method: SIM (10%s, 14C) single rib, machine dir.
Average Creep Stress: 23349 bt %UTS: 82.00
Ultimate Tensile Strength: 28474 Ioft Rupture: YES
Crwell Seq ¥ 1 {1t Wehift{%) Iodh Temp logd /T
1 0 05 0.5 - - 19.7
2 9300 10020 720 0.09 1.1424 341 0.0790
3
4
5
B
Summary Initial Final Units @20C reflT AVGI 0.0790
lab time o 19950 Sec -
logA, {t-t) 18893 51709 log hours 15877
At - 0.00 years 0.00
Strain 11.25 13.143 % -
Modulus 195516.6 177608.3 Io/ft
14
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Figure F-20. SIM/Creep datalcurve for 24XT at load level of 82.0% UTS.
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APPENDIX:

1.2.4 NTPEP REPORT

NTPEP June 2019 Final Report

Report Expiration Date: June 2028

Load (%UTS)

REDKROGK
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REGEQC-2016-01-[TenCate-Miragrid XT)

TenCate Miragrid XT - Creep Rupture
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" SIM Data — Cor Hegression === EIM Regression
All Data Regression —— 500 hour Acceptable Limits —a— 100000 hour Acceptable Limits
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BAT SIM regression satisfies the 50% two sided
confidence limits at 500 and 100,000 hours per R69-15.
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Figure F-21. Statistical evaluation results for determining validity of using SIM to extend TenCate Miragrid XT
geogrid conventional creep rupture data, and to compare single-rib to multi-rib data.
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APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 201% Final Report REGEC-2016-01-[TenCate-Mragnd XT|
Report Expiration Date: June 2028

Table F-2. Computation table to determi valldity of using SIM to extend TenCate Miragrid XT geogrid conventional creep data.
Test |
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APPENDIX:

1.2.4 NTPEP REPORT

NTPEP June 2019 Final Report
Report Expiration Date: June 2028
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TenCate Miragrid 8XT - 2XT - 24XT - Creep Rupture
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REGEC-2016-01-[TenCate-Miragrid XT]

IZXT & 24XT regressions satisfy the S0% two sided confidence imits at 500 and 100,000 hours per R65-15. I
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Figure F-22. Statistical evaluation results for determining validity of creating composite creep rupture envelope for the TenCate Miragrid XT

Time {log hrs)

geogrid product line.
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APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 201% Final Report REGEC=2018-01=[TenCate-Miragnd xT]
Report Expiration Date: June 2028

Table F-3. Computation table to determine statistical validity of creating composite creep rupture envelope for the TenCate Miragrid XT geogrid product line = 2XT and 8XT
comparlsion.

Miragrid 2XT Craep Data Evaluation
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Table F<4. Computation table to determine

validity of

BXT comparision.
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Table F-5. Gomputation table for composite creep rupture envelope for the TenGate Miragrid XT geogrid product line.
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The regression for the conventional creep tests produced at log 2.699 hr (500 hrs) and log 5.000
he (100,000 hrs) intercepts at 79.03% and 72.39% UTS, regpectively.  The regression for the
accelerated creep tests (SIM) produced log 2.71 and log 4.84. respectively, for the same %UTS.
This was within the 90% confidence limits of log 2.25 to log 3.15 and log 3.36 to log 6.64
associated with those %UTS. This evaluation is summarized in Table F-6. Thus, the
conventional and accelerated data may be used together to construct the characteristic creep
rupture curve of the primary product. Confidence limits satisfied per R69-15.

Table F-6. Summary of statistical comparison between SIM and conventional creep
rupture envelopes.

90% 90
Intercept at log Intercept at Confidence Confi d:nce
Product | 2.699 & 5.000 hrs, | same % UTS, Limits @ Li.ll;.i ta 3 Lower
%UTS log hrs Higher %UTS, i
%UTS, log hrs
log hrs
8XT 79.03 & 72.39 2.699 & 3.000 - -
8XT SIM - 271 & 4.84 2.25t03.15 3.36 10 6.64

The regression for the all creep tests on the primary product (8XT) produced log 2.699 hr (500
hrs) and log 5.000 hr (100,000 hrs) intercepts at 79.04% and 71.91% UTS, respectively. The
regression for the creep tests on 2XT & 24XT produced log time intercepts for the same %UTS
within the 90% confidence limits of log 2.50 to log 2.89 and log 4.73 to log 5.27 associated with
those “%UTS. This evaluation is summarized in Table F-7. Thus, the primary, 8XT, and
secondary products, 2XT & 24XT. data may be used together to construct the characteristic creep
rupture curve of the family of products. Confidence limits satistied per R69-15.

Table F-7. Summary of statistical comparison between rupture envelopes for all tested
Miragrid geogrid products, to test validity of composite creep rupture envelope for product

line.
90%
Intercept at log Intercept at Confidence IS 92:{0
Product | 2.699 & 5.000 hrs, | same % UTS, Limits @ v 1w s
0 " e Limits @ Lower
% UTS log hrs Higher %UTS, % UTS. lo hrs
log hrs 2 Sy 108
8XT 79.04 & 71.91 2.699 & 5.000 - -
2XT 264 & 508 2.50 to 2.89 47310 527
24XT - 278 & 5.07 2.50 102,89 47310 5.27
F-29
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Appendix G: Durability Detailed Test Results
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Table G-1. Yarn test results to evaluate susceptibility to hydrolysis

Material: Polyester Yarn
Product ldentification: Yarn used to produce Miragrid XT Geogrids

STD.
[PARAMETER TEST REPLICATE NUMBER MEAN _DEV.
1 2 3

Carboxyl End Group (CEG) Count
(Test Method: GRIGGT)

mmoliKg 157 161 158 02

Molecular Weight
(Test Method: GRIGG8)

Mn (Mumber average molecular weight) 35,108 29455 33,786 32,783 | 2957

[The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported hersin do not apply
to samples other than those lested.

Table G-2. UV resistance test results of TenCate Miragrid 2XT geogrid.

5TD. PERCENT
PARAMETER TEST REPLICATE NUMBER MEAN DEV. RETAINED
1 2 3 4 5

UV Resistance (ASTM D 4355)
Strength Retained measured via single strip tensile (ASTM D 6637, Method A)

MD - Number of Ribs per foot: 10.80

MD - Tensile Strength (Ibs) - B 2464 2466 2455 2430 2494 246 2

MD - Tensile Strength (laft) - B 2661 2663 2651 2624 2694 2659 25

MD - Tensile Strength (kN/m) - B 389 39 W7 3/3 03 igg 04

MD - Tensile Strength (lbs)- E 2336 2228 2367 2339 2341 232 3

MD - Tensile Strength (Ibf) - E 2523 2406 2556 2526 2526 2508 58 | 94
MD - Tensile Strength (kN/m) - E 368 351 ra B9 369 36.6 08

MD - Elong. @ Max. Load (%)- B 953 822 906 B89 558 9.27 028

MO - Elong. & Max. Load (%)- E 922 BE9 953 950 840 9.27 0325 | 100

B - Baseline Unexposed
E - Exposed for 500 hours of ASTM D 4355 Cycle

MDD - Machine Direction T - Transverse/Cross Machine Direction

The testing herein is based upon accepted industry practice as well as the test method listed. Test results reported herein do not apply
to samples other than those tested.

G-2
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Table G-3. Summary of UV resistance test results for Miragrid 2XT geogrid.

Mirasrid XT Mean Baseline | Standard Mean Exposed Standard %
%riegs Stvle Tensile Strength | Deviation | Tensile Strength | Deviation Strength
? * (Ib/ft) (Ib/ft) (1b/ft) (Ih/ft) Retained

2XT 2,659 235 2.508 58 94

REDIROCK

{Conversion: 1 Ib/fi =0.0146 kKN/m)
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Appendix H: Creep Stitffness Detailed Test Results

H-1

REDKROCK 281




APPENDIX: 1.2.4 NTPEP REPORT

NTPEP June 2019 Final Report REGEO-2016-01-[TenCate-Miragrid XT]

Report Expiration Date: June 2028

Low Strain Ramp and Hold TestResults
Produect: 2XT

3.0 T

Individual Ramp & Hold Curves
before Strain Narmaliztion

2'5 --"'_"-______,_._.—--‘_“‘___,_— 20%

. 1
| / // o

% Strain

Log Time (hr)

Figure H-1. Low strain ramp and hold tests for 2XT, before strain normalization.
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Low Strain Ramp and Hold Test Results
Product: 2XT

a5 Average Ramp & Hold Curves i Log Lineer Trend Line |
after Strain Normaliztion  S— 1000 hours
: |
3.0 i
E J,.-a—-"f—._-*
25 I
REH @ =
20% UTS £
= R&H @ :
W 13.42% UTS :
S REH @ : P
10% UTS —_—_ i e
1.0 S
0.5 R&H @ 5% UTS
i i &
0.0 - . . —— .
-4 -3 -2 -1 0 1 2 3 4
Log Time (hr)

Figure H-2. Low strain ramp and hold tests for 2XT, after strain normalization, with 1000 hour low strain
creep tests.
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Creep Stiffness @ 1000 hours
Product: 2XT
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H
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Figure H-3. Creep stiffness versus strain at 1,000 hours for 2XT.
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Low Strain Ramp and Hold Test Results
Product: 8XT

3.5 -
Individual Ramp & Hold Curnves

before Strain Nomaliztion

3.0 20% -

f‘__,_,—-".‘..--— uTs
25 S ian
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Figure H-4. Low strain ramp and hold tests for 8XT, before strain normalization.
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Low Strain Ramp and Hold Test Results

Product: 8XT
4.0 , —
Average Ramp & Hold Curves i Log Linear Trend Line g
after Strain Nomaliztion e e i
3.5 e
> il
™
3.0 e 1000 hours —
R&H @ -3
20% UTS Sy i
g = /
T H
= 20 —
w REH @ =
BQ 13.85% UTS
1.9 Y
R&H @ L
10% UTS i e
1.0 — —
05 __— R&H @ 5% UTS
0.0 | T - | : ;
-4 -3 <2 -1 0 1 2 3
Log Time (hr)
Figure H-5. Low strain ramp and hold tests for 8XT, after strain normalization, with 1000 hour low strain
creep tests.
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Creep Stiffness @ 1000 hours
Product: 8XT
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Figure H-6. Creep stiffness versus strain at 1,000 hours for 8XT.
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Low Strain Ramp and Hold Test Results
Product: 24XT

35 Individual Ramp & Hold Curves p—
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Figure H-7. Low strain ramp and hold tests for 24XT, before strain normalization.
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Low Strain Ramp and Hold Test Results

Product: 24XT
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L
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Figure H-8. Low strain ramp and hold tests for 24XT, after strain nermalization, with 1000 hour low strain
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Figure H-9. Creep stiffness versus strain at 1,000 hours for 24XT.
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“The Naticnal Transportation Product
Evaluation Program (NTPEP) was
established by the American Association
of State Highway and Transportation
Officials (AASHTO) in early 1994. The
program pocls the professional and
physical resources of the AASHTO
member departments in order to test
materials, products and devices of
common interest. The primary goals of
the program are to provide cost-effective
evaluations for the states by eliminating
duplication of routine testing by the
states; and to reduce duplication of
effort by the manufacturers who produce
and market commonly used proprietary,
engineered products.” & NTPEP &

-- Rick Smutzer (IN), former NTPEP Chairman

call 1.202.624.5800
fax 1.800.525 5469
online www.NTPEP.ORG

ITEM: NTPEP Report REGEO-2016-01-[Tencate-Miragrid XT]
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

REDHROCK UER"] CONNECTION DESIGN PARAMETERS

-~ 05481US 31SOUTH » CHARLEVOIX,MI 43720 » 866-222-8400 « WWWREDI-ROCK COM -

Test Methods:  ASTM D6638 & NCMA SRWU-1 Test Facility:  Bathurst, Clarabut Geotechnical Testing, Inc.

Geogrid Type:  Miragrid 5SXT Test Date: February 17, 2011
Block Type: Positive Connection (PC) Block
CONNECTION STRENGTH TEST DATA™ MIRAGRID 5XT CONNECTION STRENGTH
Test Normal Peak Observed 6,000 +
No. | Load, Ib/ft | Connection, Ibfft Failure =
£ 5,000 + 3 t :
1 2,236 5,040 Rupture = e & =
5 ¥ ’
2 Ti5 4,860 Rupture ‘L:-‘ 4,000 -
3 5,165 4,444 Rupture o | Tulteonn = 4,460 Ib/ft
4 2,242 4,343 Rupture _5 3,000
5 1,649 4,658 Rupture g
6 3,123 4,680 Rupture § 2,000
7 2,236 4,838 Rupture 2
8 3,991 4,444 Rupture i e
o 0+ £ 1
Peak Connection (yarage) = 4,663 Ib/ft 0 1,000 2,000 3,000 4,000 5000 6,000
Peak Connection s, confdence tevery = 4,460 [b/ft o MNormal Load, Ib/ft
CONNECTION DESIGN DATA far use with AASHTQ LRFD Bridge Design Specifications, 6th Edition (2012)
Miragrid 5XT Ultimate Tensile Strength (MARV) T = 4700 Ib/ft
Ultimate Connection Strength Tueonn= 4,460 Ibift
Ultimate Tensile Strength of Geosynthetic Test Sample Tt= 5334 Ibift
Connection Strength / Sample Strength Tutcorn ! Tiet=  0.84

Shart-term Ultimate Connection Strength Reduction Factor ' cR,=  0.84
Creep Reduction Factor

75-Year Design RFgpgs = 1.44

100-Year Design RFcaion=  1.45
Durability Reduction Factor ¥ RF,= 1.15
Long-term Connection Strength Reduction Factor

75-Year Design CRerrs = 0.58

100-Year Design CRgyj1om=0.58
Nominal Long-term Geosynthetic Connection Strength

75-Year Design Tacrsy = 2,384 Ibfft

100-Year Design Tacpion = 2,368 Ibift

(a) Tested with 3/4" clean crushed stone lightly compacted in the vertical core slot in accordance with Redi-Rock's typical installation recommendations.
(b} Because the geogrid connection is nat normal lnad dependent and an expression of peak connection for use in design cannot be reliably determined
through linear regression, the peak connection results are analyzed as continuous random varables. The average value or sample mean is reported for
the test sample as well as a reduction based upon a 95% confidence interval calculated from the Student's t-test for n-1 degrees of freedom.

(c) Recommended CRu for design is based on a statistical best fit analysis of Tultconn / Tlot values across all geogrid types tested.

(d) Recommended value for 5 < pH < 8. RF value of 1.3 recommended for45spH=s5and8spHs9.

The information contained in this report has been carefully compiled by Redi-Rock International, LLC as a recommendation of peak connection capacity.
Itis accurate to the best of our knowledge as of the date of its issue. However, final determination of the suitability of any design information and the
appropriateness of this data for a given design purpose is the sole responsibility of the user. No warranty of performance is expressed or implied by the
publishing of the foreqoing laboratory test results. Issue date: May 12, 2014.
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Redi-Rock Positive Connection (PC) Block Project # BCGT210050
and Miragrid 5XT Series  BCGT3041
REPORT
RESULTS OF
REDI-ROCK POSITIVE CONNECTION (PC) BLOCK
AND MIRAGRID 5XT
GEOGRID

CONNECTION CAPACITY TESTING

submitted to

REDI-ROCK INTERNATIONAL
CONFIDENTIAL

Distribution:
2 copies REDI-ROCK International LLC.
05481 US 31 South
Charlevoix, Michigan 49720
USA

2 copies Bathurst, Clarabut Geotechnical lesting, Inc.
1167 Clyde Court, Kingston, Ontario
K7P 2E4 CANADA

T'his report shall not be reproduced except in full, without written approval of Bathurst,

Clarabut Geotechnical 'lesting, Inc.

Bathurst, Clarabut Geotechnical Testing, Inc. 17 February 2011
Telephone: (613) 384 6363 Email: petebegt@kos.net 10of12
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Redi-Rock Positive Connection (PC) Block Project # BCGT210050
and Miragrid 5XT Series  BCGT3041
Introduction

This report gives the results of a connection testing program carried out to evaluate the
mechanical frictional performance of the connection between Redi-Rock Positive Connection
(PC)™ Block modular concrete units manufactured by Redi-Rock International, LLC and
Miragrid SXT geogrid.

The test program was initiated in response to averbal authorization to proceed from Mr.
Jack Bergmann of Redi-Rock International, LLC, received 20 December 2010.

The tests were carried out at the laboratories of Bathurst, Clarabut Geotechnical Testing,
Inc. in Kingston, Ontario, under the supervision of Mr. Peter Clarabut.

Objectives of test program

The facing-geogrid connection between Redi-Rock concrete block units and Miragrid 5XT
geogrid was investigated using a large-scale connection test apparatus.

The principal objective of the testing was to evaluate the frictional/mechanical perform-
ance of these connections. A second objective was to make preliminary recommendations for
the selection of long-term tensile connection capacities tobe used in the design and analysis of
geogrid-reinforced soil wall systems that employ Redi-Rock blocks in combination with Mira-
grid SXT geogrid.

Materials

The Redi-Rock Positive Connection (PC) Block units used in this investigation are solid
concrete blocks. The nominal dimensions of the blocks are 28 inches (toe to heel)by 18 inches
high by 46 inches long and weigh approximately 1625 1b per unit. Construction alignment and
wall batter is achieved by means of two dome-shaped concrete shear keys cast into the top sur-
face of the units. The Redi-Rock block system employs a rectangular hole in the block to me-
chanically attach the geogrid reinforcement. The rectangular hole is centrally located across
the block length and located 10inches from the back of the block. The blocks used in this series
of tests were supplied by Redi-Rock International and were received at our laboratory on 4
February 2010 and designated as BIC-10-007.

Miragrid 5XT is a coated bi-directional grid composed of 1009% polyester multifilament
yarn with a tensile strength of 4700 Ib/ft in the machine direction (based on ASTM D 6637
method of test and reported on the manufacturers’ website - www. tencate.com on 2 February
2011). The geogrid specimens used in this series of testing were cut from roll/lot #
031119212/10121-1-1147 received at our laboratory on 24 June 2010. The index strength of
roll/lot # 031119212/10121-1-1147 was 5334 Ib/ft (test data supplied by TC Mirafi).

Apparatus and general test procedure

The method of test used in this investigation follows that reported by Bathurst and Simac
(1993) and recommended by the NCMA (Simac et al. 1993) and ASTM D 6638. A brief de-

Bathurst, Clarabut Geotechnical Testing, Inc. 17 February 2011
Telephone: (613) 384 6363 Email: petebegt@kos.net 20of12
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seription of the apparatus and test methodology is presented here. The test apparatus used to
perform the tests is illustrated in Figure 1. The test apparatus allows tensile loads of up to
35,000 pounds to be applied to the geogrid while it is confined between two block layers. The
facing blocks were laterally restrained and surcharged vertically. A strip of geogrid reinforce-
ment 12 incheswide (11 longitudinal strands)was passed through the block and both ends were
attached toroller clamps. The connection detail and roller clamp arrangement is illustrated in
Figure 2. A photograph of the Redi-Rock Positive Connection (PC) Block system and the rec-
ommended geogrid connection configuration is shown in Figure 3. The hollow slot portion of
the block was infilled with a 3/4 inch, 100% crushed limestone aggregate and lightly com-
pacted. Figure 4illustrates the particle size distribution of the infill used in this test series. Two
wire-line LVD'T(s) were connected to the lower grid to measure grid displacement at the back
of the block. Wall heights were simulated by placing one block over the interface and applying
an additional surcharge load using the vertically-oriented hydraulic jack shown in Figure 1.
Gum rubber mats were placed over the top block to ensure a uniform distribution of vertical
surcharge pressure. The connection force was applied at a constant rate of displacement (i.e.
0.75 inch/minute) using a computer-controlled hydraulic actuator. The load and displace-
ments measured by the actuator and the IVDT(s) were recorded continuously during the test
by a microcomputer/data acquisition system. All blocks used in the tests were visually in-
spected to confirm that they were free of defects. Fach test was continued until there was a
sustained loss in connection load due to grid rupture. Following each test, the blocks were re-
moved and the grid examined to confirm failure modes. Avirgin specimen of grid was used for
each test.

The only variable in this series of connection tests was the magnitude of surcharge load.
Test program

The surcharge loads used in the test program are given in Table 1. Also tabulated are the
failure loads observed for each test.

Test results
A summary of tensile loads at peak capacity is given in Figure 5.

The peak connection capacity between Redi-Rock Positive Connection (PC) Block units
and Miragrid 5XT for walls between 775 and 5165 Ib/ft normal load, ranged between 81 and
949% of the index tensile strength of the specimen of Miragrid 3XT used in this investigation
(3334 Ib/ft - value reported by manufacturer for material used in this nvestigation).

Two repeat testswere performed and results in Figuore 5 illustrate that there is variability in
connection capacity between nominal identical tests. The variability is 8.4% and hence within
the +10% of the mean peak load criterion required by the NCMA. Thisvariability is likely the
result of smalldifferences inthe setting up of the blocks and laying out of the geogrid reinforce-
ment. The trend in data for peak connection loads has been plotied using a linear curve.
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All tests ended in rupture of one or more longitudinal geogrid members. There was evi-
dence of slippage of the grid within the concrete block-grid interface in all tests. Grid straining
and slippage caused abrasion of longitudinal members and junction failure as the geogrid was
pulled across the concrete surfaces.

Implications to Redi-Rock Positive Connection (PC) Block design and construction with Mi-
ragrid SXT geogrid

The long-term design connection capacity in the field must be less than the peak capacity
envelope determined in this test series for the same method and quality of construction. The
NCMA Segmental Retaining Wall Design Manual (First Edition, 1993) recommends that the
design connection capacity at a given surcharge load for a critical wall siructure be the lesser of
the peak capacity divided by aminimum factor of safety (not less than 1.5) or the capacity based
on a 3/4 inch displacement criterion. The design curve in Figure 6 has been selected based on
peak capacity load data only.

The design capacity envelope illustrated in Figure 6 should be used with caution. The actu-
al design capacity envelope should be lower if the quality of construction in the field is less than
that adopted in this controlled laboratory investigation and/or lower quality concrete is used in
the manufacture of the blocks. For example, the interface concrete surfaces should be free of
debris before placement of grid and blocks in order to minimize abrasion to the grid and to
maximize the frictional resistance that is developed at the conerete block-grid interface.

Itisveryimportant that production blocks have uniform dimensions so that there is nostep-
ping at the block joints that can lead to non-uniform frictional resistance at the block-grid in-
terface, pinching of the grid at the block edges and possibly fracture of the concrete units.

Summary of conclusions

A laboratory testing program was carried out to evaluate the mechanical/frictional connec-
tion performance of Redi-Rock modular block facing units in combination with Miragrid SXT.
The following conclusions can be drawn:

1. The peak connection capacity between Redi-Rock Positive Connection (PC) Block units
and Miragrid SXT geogrid for walls between 775 and 5165 Ib/ft normal load, ranged be-
tween 81 and 94% of the index tensile strength of the specimen of Miragrid 5XT used in
this investigation (5334 Ib/ft - value reported by manufacturer for material used in this
nvestigation).

2. The trend in data for peak connection loads has been plotted using a linear curve. In addi-
tion, some variability in strength values was observed between nominal identical tests due
tosmall differences in setting up of the blocks and laying out of the geogrid reinforcement.

3. Care must be taken during the installation of Redi-Rock Positive Connection (PC) Block
units in order to prevent accumulation of soil and rock debris at the concrete block-grid
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interface surfaces. This debris may significantly reduce the capacity of the Redi-Rock fac-
ing unit-grid system.

4. The design envelope in Figure 6 is based on an interpretation of test data as recommended
in the NCMA Segmental Retaining Wall Design Manual (First Edition, 1993). The choice
of design connection strengths may vary from site to site and quality of construction in the
field may require lower design values than those taken from Figure 6.

R. J. Bathurst, Ph.D., P. Eng.

e

P. Clarabut
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Table 1:

Test Program:
Redi-Rock Positive Connection (PC) Block unit - Miragrid
5XT polyester geogrid connection

Test normal load peak horz. peak tensile observed failure mode
number (Ib/ft) load (Ib/block) | capacity per
single strip
(Ib/ft) (note 2)
1 2236 10080 5040 Rupture
2 775 9720 4860 Rupture
3 5165 8888 4444 Rupture
4 2242 8685 4343 Rupture
5 1649 9315 4658 Rupture
6 3123 9360 4680 Rupture
7 2236 9675 4838 Rupture
8 3991 BE&88 4444 Rupture

Note: 1) The geogrid specimens used in this series of testing were cut from roll/lot #
031119212/10121-1-1147 received at our laboratory on 24 June 2010. The index strength of
rollflot # 031119212/10121-1-1147 was 5334 Ib/f1 (test data supplied by T:C Mirafi)

2) The load recorded at the actuator is twice the value shown here.
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LEGEND
1 Redi-Rock Block 6 guide rail 11 platform
2  geogrid 7  LVDT clamp 12 wire-line LVDT
3 loading platen 8 surcharge actuator 13 computer controlled
4 roller clamps 9 loading frame hydraulic actuator
5 lateral restraining system 10 spacers 14 stiff gum rubber mat
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8
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Figure 1. Schematic of connection test apparatus
showing Redi-Rock Positive Connection
(PC) Block units and Mirafi geogrid

12
inch

e
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1 O N

To Actuator

O/ T

Geogrid  Redi-Rock block

l

Moving clamp

N

44—

To Actuator

Figure 2: Schematic of connection detail and
clamp arrangement
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Figure 3: Photograph of the Redi-Rock Positive Connection (PC)
Block system and Miragrid 5XT geogrid
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Figure 4: Particle size distribution for 100% crushed
granular stone used in Redi-Rock Positive
Connection (PC) Block tests
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Redi-Rock / Miragrid 5XT
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Figure 5. Connection capacity versus normal load for
Redi-Rock Positive Connection (PC) Block
with Miragrid 5XT based on a 12 inch wide
strip of geogrid
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Redi-Rock / Miragrid 5XT
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Figure 6: Preliminary design capacity envelope for
Redi-Rock Positive Connection (PC) Block
units with Miragrid 5XT geogrid based on a
12 wide inch strip of geogrid
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peorgock  OLOGRID CONNECTION DESIGN PARAMETERS

0S481US 31 SOUTH » CHARLEVOIX.MI4S720 « 886-222-8400 « WWWREDI-ROCK COM

Test Methods:  ASTM D6638 & NCMA SRWU-1 Test Facility:  Bathurst, Clarabut Geotechnical Testing, Inc.

Geogrid Type: Miragrid 8XT Test Date: December 16, 2011
Block Type: Positive Connection (PC) Block
CONNECTION STRENGTH TEST DATA® MIRAGRID 8XT CONNECTION STRENGTH
Test Normal Peak Observed 10,000
No. | Load, Ib/ft | Connection, Ib/ft Failure =
=] ™ b . ¢
1 1,960 7.995 Rupture = 8000 =& 3 & | 4
=)
2 241 1549 Rupture £ | Tutconn = 7,928 Io/f
3 1,125 7.904 Rupture & 6,000
4 2,036 7.949 Rupture 5
5 2,914 8,269 Rupture § 4,000
6 3.715 7.995 Rupture §
T 1,900 8,452 Rupture % 2000
8 4,551 8,269 Rupture &
. 0
Peak Connection (;yurge) = 8,098 Ib/f 0 1,000 2,000 3000 4000 5000 6,000
Peak Connection sy, configence lovesy = 7,928 1b/ft L Normal Load, Ib/ft
CONNECTION DESIGN DATA for use with AASHTO LRFD Bridge Design Specifications, 6th Edition (2012)
Miragrid 8XT Ultimate Tensile Strength (MARV) Tw= 7,400 Ib/ft
Ultimate Connection Strength Tutcorn= 7,928 Ib/ft
Ultimate Tensile Strength of Geosynthetic Test Sample T = 8,055 Ib/ft
Connection Strength / Sample Strength Tueorn { Tk = 0.98

Short-term Ultimate Connection Strength Reduction Factor e CR,= 0.84

Creep Reduction Factor

75-Year Design RFcgirs = 1.44

100-Year Design RFcrion= 145
Durability Reduction Factor RFp= 1.15
Long-term Connection Strength Reduction Factor

75-Year Design CR.75 = 0.58

100-Year Design CR.ip1omy = 0.58
Nominal Long-term Geosynthetic Connection Strength

75-Year Design Taersy = 3,794 Ib/ft

100-Year Design Tacromy = 3,728 Ibfft

(a) Tested with 3/4" clean crushed stone lightly compacted in the vertical core slot in accordance with Redi-Rock's typical installation recommendations.
(b) Because the geogrid connection is not normal load dependent and an expression of peak connection for use in design cannot be reliably determined
through linear regression, the peak connection results are analyzed as continuaus random variables. The average value or sample mean is reported for
the test sample as well as a reduction based upon a 95% confidence interval calculated from the Student's t-test for n-1 degrees of freedom.

(c) Recommended CRu for design is based on a statistical best fit analysis of Tultconn [ Tlot values across all geogrid types tested.

(d) Recommended value for 5 < pH < B, RF, value of 1.3 recommended for4.5spHs5and 8spHs 9.

The information eantained in this report has been carefully compiled by Redi-Rack Intarnational, LLC as a recommendation of peak connaction capacity.
It is accurate to the best of our knowledge as of the date of its issue. However, final determination of the suitability of any design information and the
appropriateness of this data for a given design purpose is the sole responsibility of the user. No warranty of performance is expressed or implied by the
publishing of the foregoing laboratory test results. Issue date: May 12, 2014.
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Redi-Rock Positive Connection (PC) Block Project # BCGT211035
and Miragrid 8XT Series BCGT3138
Introduction

This report gives the results of a connection testing program carried out to evaluate the
mechanical/frictional performance of the connection between Redi-Rock Positive Connection
(PC)™ Block modular concrete units manufactured by Redi-Rock International, LLC and
Miragrid 8XT geogrid.

The test program was initiated in response to a verbal authorization to proceed from Mr.
Jamie Johnson of Redi-Rock International, LLLLC received 29 November 2011.

The tests were carried out at the laboratories of Bathurst, Clarabut Geotechnical Testing,
Inc. in Kingston, Ontario, under the supervision of Mr. Peter Clarabut.

Objectives of test program

The facing-geogrid connection between Redi-Rock concrete block units and Miragrid 8XT
geogrid was investigated using a large-scale connection lest apparatus.

The principal objective of the testing was to evaluate the frictional/mechanical perform-
ance of these connections. A second objective was to make preliminary recommendations for
the selection of long-term tensile connection capacities to be used in the design and analysis of
geogrid-reinforced soil wall systems that employ Redi-Rock blocks in combination with Mira-
grid 8XT geogrid.

Materials

The Redi-Rock Positive Connection (PC) Block units used in this investigation are solid
concrete blocks. The nominal dimensions of the blocks are 28 inches (toe to heel) by 18 inches
high by 46 inches long and weigh approximately 1625 1b per unit. Construction alignment and
wall batter is achieved by means of two dome-shaped concrete shear keys cast into the top sur-
face of the units. The Redi-Rock block system employs a rectangular hole in the block to me-
chanically attach the geogrid reinforcement. The rectangular hole is centrally located across
the block length and located 10inches from the back of the block. The blocks usedin thisseries
of tests were supplied by Redi-Rock International and were received at our laboratory on 9
August 2011 and designated as BIC-11-025,

Miragrid 8XT is a coated bi-directional grid composed of 1009% polyester multifilament
yarn with a tensile strength of 7400 Ib/ft in the machine direction (based on ASTM D 6637
method of test and reported on the manufacturers’ website - www.tencate.com on 28 Novem-
ber 2011). The geogrid used in this series of testing was delivered as 12 inch wide (11 strands),
specimens from roll/lot # 031140138 received at our laboratory on 17 November 2011. The
index strength of rolllot # 031140138 was 8,055 Ib/ft (test data supplied by TC Mirafi).

Apparatus and general test procedure

The method of test used in this investigation follows that reported by Bathurst and Simac
(1993) and recommended by the NCMA (Simac et al. 1993) and ASTM D 6638. A brief de-
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seription of the apparatus and test methodology is presented here. The test apparatus used to
perform the tests is illustrated in Figure 1. The test apparatus allows tensile loads of up to
35,000 pounds to be applied to the geogrid while it is confined between two block layers. The
facing block was laterally restrained and surcharged vertically. A strip of geogrid reinforce-
ment 12 incheswide (11 longitudinal strands)was passed through the block andboth ends were
attached to roller clamps. The connection detail and roller clamp arrangement is illustrated in
Figure2. A photograph of the Redi-Rock Positive Connection (PC) Block system and the rec-
ommended geogrid connection configuration is shown in Figure 3. The hollow slot portion of
the block was infilled with a 3/4 inch, 100% crushed limestone aggregate and lightly com-
pacted. Figure dillustrates the particle size distribution of the infill used in this test series. Two
wire-line LVDT(s)were connected to the lower grid to measure grid displacement at the back
of the block. Wall heights were simulated by placing one block over the interface and applying
an additional surcharge load using the vertically-oriented hydraulic jack shown in Figure 1.
Gum rubber mats were placed over the top block to ensure a uniform distribution of vertical
surcharge pressure. The connection force was applied at a constant rate of displacement (i.e.
0.75 inch/minute) using a computer-controlled hydraulic actuator. The load and displace-
ments measured by the actuator and the IVDT(s) were recorded continuously during the test
by a microcomputer/data acquisition system. All blocks used in the tests were visually in-
spected to confirm that they were free of defects. Fach test was continued until there was a
sustained loss in connection load due to grid rupture. Following each test, the block was re-
moved and the grid examined to confirm failure modes. Avirgin specimen of grid was used for
each test.

The only variable in this series of connection tests was the magnitude of surcharge load.
Test program

The surcharge loads used in the test program are given in Table 1. Also tabulated are the
failure loads observed for each test.

Test results
A summary of tensile loads at peak capacity is given in Figure 5.

The peak connection capacity between Redi-Rock Positive Connection (PC) Block units
and Miragrid 8XT for walls between 241 and 4551 Ib/ft normal load, ranged between 100 and
109% of the index tensile strength of the specimen of Miragrid 8XT used in this investigation
(8,055 Ib/ft - value reported by manufacturer for material used in this investigation).

Two repeat tests were performed and results in Figure 5 illustrate that there is some vari-
ability in connection capacity between nominal identical tests. The variability is 3.9% and
hence within the + 109 of the mean peak load criterion required by the NCMA. Thisvariabil-
ity is likely the result of small differences in the setting up of the blocks and laying out of the
geogrid reinforcement. The trend in data for peak connection loads has been plotted using a

linear curve.
Bathurst, Clarabut Geotechnical Testing, Inc. 16 December 2011
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All tests ended in rupture of one or more longitudinal geogrid members. There was evi-
dence of slippage of the grid within the concrete block-grid interface in all tests. Grid straining
and slippage caused abrasion of longitudinal members as the geogrid was pulled across the
concrete surfaces.

Implications to Redi-Rock Positive Connection (PC) Block design and construction with Mi-
ragrid 8XT geogrid

The long-term design connection capacity in the field must be less than the peak capacity
envelope determined in this test series for the same method and quality of construction. The
NCMA Segmental Retaining Wall Design Manual (First Edition, 1993) recommends that the
design connection capacity at a given surcharge load for a critical wallstructure be the lesser of
the peak capacity divided by a minimum factor of safety (notless than 1.5) or the capacity based
on a 3/4 inch displacement criterion. The design curve in Figure 6 has been selected based on
peak capacity load data only.

The design capacity envelope illustrated in Figore 6 should be used with caution. The actu-
al design capacity envelope should be lower if the quality of construction in the fieldis less than
that adopted in this controlled laboratory investigation and/or lower quality concrete is used in
the manufacture of the blocks. For example, the interface concrete surfaces should be free of
debris before placement of grid and blocks in order to minimize abrasion to the grid and to
maximize the frictional resistance that is developed at the conerete block-grid interface.

Itisveryimportant that production blocks have uniform dimensions so that there is nostep-
ping at the block joints that can lead to non-uniform frictional resistance at the block-grid in-
terface, pinching of the grid at the block edges and possibly fracture of the concrete units.

Summary of conclusions

A laboratory testing program was carried out to evaluate the mechanical/frictional connec-
tion performance of Redi-Rock modular block facing units in combination with Miragrid 8XT.
The following conclusions can be drawn:

1. The peak connection capacity between Redi-Rock Positive Connection (PC) Block units
and Miragrid 8XT geogrid for walls between 241 and 4551 1b/ft normal load, ranged be-
tween 100 and 109% of the index tensile strength of the specimen of Miragrid 8XT used
in this investigation (8,053 Ib/ft - value reported by manufacturer for material used in this
investigation).

]

The trend in data for peak connection loads has been plotted using a linear curve. In addi-
tion, some variability in strength values was observed between nominal identical tests due
tosmall differences in setting up of the blocks and laying out of the geogrid reinforcement.

3. Care must be taken during the installation of Redi-Rock Positive Connection (PC) Block
units in order to prevent accumulation of soil and rock debris at the concrete block-grid
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interface surfaces. This debris may significantly reduce the capacity of the Redi-Rock fac-
ing unit-grid system.

4. The design envelope in Figure 6 is based on an interpretation of test data as recommended
in the NCMA Segmental Retaining Wall Design Manual (First Edition, 1993). The choice
of design connection strengths may vary from site to site and quality of construction in the
field may require lower design values than those taken from Figure 6.

7z

P. Clarabut
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Table 1:

Test Program:
Redi-Rock Positive Connection (PC) Block unit - Miragrid
8XT polyester geogrid connection

Test normal load peak horz. peak tensile observed failure mode
number (Ib/fty load (Ib/block) | capacity per
single strip
(Ib/ft) (note 1)
1 1960 15990 7995 Rupture
2 241 15898 7949 Rupture
3 1125 15807 7904 Rupture
4 2036 15898 7949 Rupture
5 2914 16538 8269 Rupture
6 3715 15990 7995 Rupture
7 1900 16903 8452 Rupture
8 4551 16538 8269 Rupture

Note: 1) The load recorded at the actuator is twice the value shown here.
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LEGEND
1 Redi-Rock block 6 guide rail 11 platform
2  geogrid 7  LVDT clamp 12 wire-line LVDT
3 loading platen 8 surcharge actuator 13 computer controlled
4 roller clamps 9 loading frame hydraulic actuator
5 lateral restraining system 10 spacers 14 stiff gum rubber mat
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Figure 1. Schematic of connection test apparatus

showing Redi-Rock Positive Connection (PC)
Block units and Mirafi geogrid
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) Block Project # BCGT211035
and Miragrid 8XT Series BCGT3138
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To Actuator
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Moving clamp
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To Actuator

Figure 2. Schematic of connection detail and
clamp arrangement
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) Block Project # BCGT211035

and Miragrid 8XT Series BCGT3138

= L i - . — . _:11

Figure 3: Photograph of the Redi-Rock Positive Connection (PC) Block
system and Miragrid 8XT geogrid
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) Block Project # BCGT211035
and Miragrid 8XT Series BCGT3138
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Figure 4. Particle size distribution for 100% crushed
granular stone used in Redi-Rock Positive
Connection (PC) Block tests
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) Block Project # BCGT211035
and Miragrid 8XT Series BCGT3138

Redi-Rock / Miragrid 8XT
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Figure 5: Connection capacity versus normal load for
Redi-Rock Positive Connection (PC) Block
with Miragrid 8XT based on a 12 inch wide

strip of geogrid
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) Block Project # BCGT211035
and Miragrid 8XT Series BCGT3138
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Figure 6: Preliminary design capacity envelope for
Redi-Rock Positive Connection (PC) Block

units with Miragrid 8XT geogrid based on a
12 wide inch strip of geogrid
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

peorgock GEOGRID CONNECTION DESIGN PARAMETERS

05481 US 31 SOUTH » CHARLEVOIX.MI 48720  B66-222-8400 « WWW.REDI-ROCK COM

Test Methods: ASTM D6638 & NCMA SRWU-1 Test Facility: Bathurst, Clarabut Geotechnical Testing, Inc.

Geogrid Type: Miragrid 10XT Test Date: November 28, 2011
Block Type: Positive Connection (PC) Block
CONNECTION STRENGTH TEST DATA® MIRAGRID 10XT CONNECTION STRENGTH
Test Normal Peak Observed 10,000 *
MNo. | Load, Ib/ft | Connection, |b/ft Failure % e - # r . 4
1 1,990 9,046 Rupture g S | Tultconn = 8,681 Ibtt
2 228 8,452 Rupture &
3 1,147 8,589 Rupture % 6,000
4 2,067 9,365 Rupture &
5 2918 8,863 Rupture g 4,000
6 3,830 9,594 Rupture =
v 2.067 9,000 Rupture % 2,000
8 6,000 9,046 Rupture a
0 + I I )
Peak Connection (uermge) = 8,994 Ib/ft 0 1,000 2000 3000 4,000 5000 6,000
Peak CoNNection wsy, confdenco evety = 8,681 10/t ™ Normal Load, Ib/ft
CONNECTION DESIGN DATA for use with AASHTO LRFD Bridge Design Specifications, 6th Edition (2012)
Miragrid 10XT Ultimate Tensile Strength (MARV) Tw= 9,500 Ib/ft
Ultimate Connection Strength Tuteann= 8,681 Ib/ft
Ultimate Tensile Strength of Geosynthetic Test Sample T = 10,635 Ib/ft
Connection Strength / Sample Strength Tuttoonn { Tiot = 0.82
Short-term Ultimate Connection Strength Reduction Factor ¥ CR, = 0.82
Creep Reduction Factor
75-Year Design RFcrpsy = 1.44
100-Year Design RFcq100)= 1.45
Durability Reduction Factor @ RFy = 1.15
Long-term Connection Strength Reduction Factor
75-Year Design CRerrs) = BT
100-Year Design CRe100, = 0.57
Mominal Long-term Geosynthetic Connection Strength
75-Year Design Tacrsy = 4,704 Ibfft
100-Year Design Taciion = 4,672 Ib/ft

(a) Tested with 3/4" clean crushed stone lightly compacted in the vertical core slot in accordance with Redi-Rock's typical installation recommendations.
(b) Because the geogrid connection is not normal load dependent and an expression of peak connection for use in design cannot be reliably determined
through linear regression, the peak connection results are analyzed as continuous random variables. The average value or sample mean is reported for
the test sample as well as a reduction based upon a 95% confidence interval calculated from the Student's t-test for n-1 degrees of freedom.

(¢) Recommended CRu for design is based on a statistical best fit analysis of Tultconn [ Tlot values across all geogrid types lested.

(d) Recommended value for 5 < pH < 8. RF, value of 1.3 recommendedfor4d 5<spH<=5andB8=spH<9.

The information contained in this report has been carefully compiled by Redi-Rock International, LLC as a recommendation of peak connection capacity.
It is accurate to the best of our knowledge as of the date of its issue. However, final determination of the suitability of any design information and the
appropriateness of this data for a given design purpose is the sole responsibility of the user. No warranty of performance is expressed or implied by the
pubiishing of the foregoing laboratory test results. Issue date: May 12, 2014,
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) Block Project # BCGT211021
and Miragrid 10XT Series BCGT3108
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) Block Project # BCGT211021
and Miragrid 10XT Series BCGT3108
Introduction

This report gives the results of a connection testing program carried out to evaluate the
mechanicalfrictional performance ofthe connection between Redi-Rock Positive Connection
(PC)™ Block modular concrete units manufactured by Redi-Rock International, LLC and
Miragrid 10XT® geogrid.

The test program was initiated in response to averbal authorization to proceed from Mr.
Jamie Johnson of Redi-Rock International, LLC received 9 August 2011

The tests were carried out at the laboratories of Bathurst, Clarabut Geotechnical Testing,
Inc. in Kingston, Ontario, under the supervision of Mr. Peter Clarabut.

Objectives of test program

The facing-geogrid connection between Redi-Rock concrete block units and Miragrid
10XT geogrid was investigated using a large-scale connection test apparatus.

The principal objective of the testing was to evaluaie the frictional/mechanical perform-
ance of these connections. A second objective was to make preliminary recommendations for
the selection of long-term tensile connection capacities tobe used in the design and analysis of
geogrid-reinforced soil wall systems that employ Redi-Rock blocks in combination with Mira-
grid 10XT geogrid.

Materials

The Redi-Rock Positive Connection (PC) Block units used in this investigation are solid
concrete blocks. The nominal dimensions of the blocks are 28 inches (toe to heel)by 18 inches
high by 46 inches long and weigh approximately 1625 1b per unit. Construction alignment and
wall batter is achieved by means of two dome-shaped concrete shear keys cast into the top sur-
face of the units. The Redi-Rock block system employs a rectangular hole in the block to me-
chanically attach the geogrid reinforcement. The rectangular hole is centrally located across
the block length and located 10inches from the back of the block. The blocks used in this series
of tests were supplied by Redi-Rock International and were received at our laboratory on 9
August 2011 and designated as BIC-11-025.

Miragrid 10XT is a coated bi-directional grid composed of 100% polyester multifilament
yarn with a tensile strength of 9500 Ib/ft in the machine direction (based on ASTM D 6637
method of test and reported on the manufacturers’ website - www. tencate.com on 28 Novem-
ber 2011). The geogrid used in this series of testing was delivered as 12 inch wide (11 strands),
specimens from roll/lot # 000235307 received at our laboratory on 11 August 2011. The index
strength of roll/lot # 000235307 was 10,635 Ib/ft (test data supplied by TC Mirafi).

Apparatus and general test procedure

The method of test used in this investigation follows that reported by Bathurst and Simac
(1993) and recommended by the NCMA (Simac et al. 1993) and ASTM D 6638. A brief de-

Bathurst, Clarabut Geotechnical Testing, Inc. 28 November 2011
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) Block Project # BCGT211021
and Miragrid 10XT Series BCGT3108

seription of the apparatus and test methodology is presented here. The test apparatus used to
perform the tests is illustrated in Figure 1. The test apparatus allows tensile loads of up to
35,000 pounds to be applied to the geogrid while it is confined between two block layers. The
facing block was laterally restrained and surcharged vertically. A strip of geogrid reinforce-
ment 12 incheswide (11 longitudinal strands)was passed through the block and both ends were
attached toroller clamps. The connection detail and roller clamp arrangement is illustrated in
Figure 2. A photograph of the Redi-Rock Positive Connection (PC) Block system and the rec-
ommended geogrid connection configuration is shown in Figure 3. The hollow slot portion of
the block was infilled with a 3/4 inch, 100% crushed limestone aggregate and lightly com-
pacted. Figure 4illustrates the particle size distribution of the infill used in this test series. Two
wire-line LVD'T(s) were connected to the lower grid to measure grid displacement at the back
of the block. Wall heights were simulated by placing one block over the interface and applying
an additional surcharge load using the vertically-oriented hydraulic jack shown in Figure 1.
Gum rubber mats were placed over the top block to ensure a uniform distribution of vertical
surcharge pressure. The connection force was applied at a constant rate of displacement (i.e.
0.75 inch/minute) using a computer-controlled hydraulic actuator. The load and displace-
ments measured by the actuator and the IVDT(s) were recorded continuously during the test
by a microcomputer/data acquisition system. All blocks used in the tests were visually in-
spected to confirm that they were free of defects. Fach test was continued until there was a
sustained loss in connection load due to grid rupture. Following each test, the block was re-
moved and the grid examined to confirm failure modes. Avirginspecimen of grid was used for
each test.

The only variable in this series of connection tests was the magnitude of surcharge load.
Test program

The surcharge loads used in the test program are given in Table 1. Also tabulated are the
failure loads observed for each test.

Test results
A summary of tensile loads at peak capacity is given in Figure 5.

The peak connection capacity between Redi-Rock Positive Connection (PC) Block units
and Miragrid 10XT for walls between 228 and 4707 Ib/ft normal load, ranged between 79 and
90 of the index tensile strength of the specimen of Miragrid 10X T used in this investigation
(10,635 1b/ft - value reported by manufacturer for material used in this investigation).

Two repeat tests were performed and results in Figure 5 illustrate that there is minor vari-
ability in connection capacity between nominal identical tests. The variability is 2.5% and
hence within the + 109 of the mean peak load criterion required by the NCMA. Thisvariabil-
ity is likely the result of small differences in the setting up of the blocks and laying out of the
geogrid reinforcement. The trend in data for peak connection loads has been plotted using a

linear curve.
Bathurst, Clarabut Geotechnical Testing, Inc. 28 November 2011
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) Block Project # BCGT211021
and Miragrid 10XT Series BCGT3108

All tests ended in rupture of one or more longitudinal geogrid members. There was evi-
dence of slippage of the grid within the concrete block-grid interface in all tests. Grid straining
and slippage caused abrasion of longitudinal members as the geogrid was pulled across the
concrete surfaces,

Implications to Redi-Rock Positive Connection (PC) Block design and construction with Mi-
ragrid 10XT geogrid

The long-term design connection capacity in the field must be less than the peak capacity
envelope determined in this test series for the same method and quality of construction. The
NCMA Segmental Retaining Wall Design Manual (First Edition, 1993) recommends that the
design connection capacity at a given surcharge load for a critical wall structure be the lesser of
the peak capacity divided by aminimum factor of safety (not less than 1.5) or the capacity based
on a 3/4 inch displacement criterion. The design curve in Figure 6 has been selected based on
peak capacity load data only.

The design capacity envelope illustrated in Figure 6 should be used with caution. The actu-
al design capacity envelope should be lower if the quality of construction in the fieldis less than
that adopted in this controlled laboratory investigation and/or lower quality concrete is used in
the manufacture of the blocks. For example, the interface concrete surfaces should be free of
debris before placement of grid and blocks in order to minimize abrasion to the grid and to
maximize the frictional resistance that is developed at the conerete block-grid interface.

Itisveryimportant that production blocks have uniform dimensions so that there is no step-
ping at the block joints that can lead to non-uniform frictional resistance at the block-grid in-
terface, pinching of the grid at the block edges and possibly fracture of the concrete units.

Summary of conclusions

A laboratory testing program was carried out to evaluate the mechanical/frictional connec-
tion performance of Redi-Rock modular block facing units in combination with Miragrid
10XT. The following conclusions can be drawn:

1. The peak connection capacity between Redi-Rock Positive Connection (PC) Block units
and Miragrid 10XT geogrid for walls between 228 and 4707 Ib/ft normal load, ranged be-
tween 79 and 90% of the index tensile strength of the specimen of Miragrid 10XT vsed in
this investigation (10,635 Ib/ft - value reported by manufacturer for material used in this
investigation).

2. The trend in data for peak connection loads has been plotted using a linear curve. In addi-
tion, some variability in strength values was observed between nominal identical tests due
tosmall differences in setting up of the blocks and laying out of the geogrid reinforcement.

3. Care must be taken during the installation of Redi-Rock Positive Connection (PC) Block
units in order to prevent accumulation of soil and rock debris at the concrete block-grid

Bathurst, Clarabut Geotechnical Testing, Inc. 28 November 2011
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Redi-Rock Positive Connection (PC) Block Project # BCGT211021
and Miragrid 10XT Series BCGT3108

interface surfaces. This debris may significantly reduce the capacity of the Redi-Rock fac-
ing unit-grid system.

4. The design envelope in Figure 6 is based on an interpretation of test data as recommended
in the NCMA Segmental Retaining Wall Design Manual (First Edition, 1993). The choice
of design connection strengths may vary from site 1o site and quality of construction in the
field may require lower design values than those taken from Figure 6.

= —

P. Clarabut
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) Block Project # BCGT211021
and Miragrid 10XT Series BCGT3108
Table 1:

Test Program:
Redi-Rock Positive Connection (PC) Block unit - Miragrid
10XT polyester geogrid connection

Test normal load peak horz. peak tensile observed failure mode
number (Ib/ft) load (Ib/block) | capacity per
single strip
(Ib/t) (note 2)
1 1990 18091 9046 Rupture
2 228 16903 8452 Rupture
3 1147 17178 8580 Rupture
4 20067 18731 9365 Rupture
5 2918 17726 8863 Rupture
6 3830 19188 9594 Rupture
7 2067 18000 9000 Rupture
8 4707 18091 9046 Rupture

Note: 1) The geogrid used in this series of testing were delivered as pre-cut. 12 inch wide (11

strands), specimens from roll/lot # 000235307 received at our laboratory on 11 August 2011.

The index strength of roll/lot # 000235307 was 10,635 Ib/ft (test data supplied by TC Mirafi).
2) The load recorded at the actuator is twice the value shown here.
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) Block Project # BCGT211021
and Miragrid 10XT Series BCGT3108
LEGEND
1 Redi-Rock block 6 guide rail 11 platform
2  geogrid 7  LVDT clamp 12 wire-line LVDT
3 loading platen 8 surcharge actuator 13 computer controlled
4 roller clamps 9 loading frame hydraulic actuator
5 lateral restraining system 10 spacers 14 stiff gum rubber mat
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Figure 1: Schematic of connection test apparatus
showing Redi-Rock Positive Connection
(PC) Block units and Mirafi geogrid
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) Block Project # BCGT211021
and Miragrid 10XT Series BCGT3108

O A

To Actuator
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Geogrid  Redi-Rock block

l

Moving clamp

N
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To Actuator

Figure 2: Schematic of connection detail and
clamp arrangement
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Figure 3: Photograph of the Redi-Rock Positive Connection (PC) Block
system and Miragrid 10XT geogrid
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) Block Project # BCGT211021
and Miragrid 10XT Series BCGT3108
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Figure 4: Particle size distribution for 100% crushed
granular stone used in Redi-Rock Positive
Connection (PC) Block tests
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) Block Project # BCGT211021
and Miragrid 10XT Series BCGT3108
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Figure 5: Connection capacity versus normal load for
Redi-Rock Positive Connection (PC) Block
with Miragrid 10XT based on a 12 inch wide

strip of geogrid
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) Block Project # BCGT211021
and Miragrid 10XT Series BCGT3108
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Figure 6: Preliminary design capacity envelope for
Redi-Rock Positive Connection (PC) Block
units with Miragrid 10XT geogrid based on
a 12 wide inch strip of geogrid
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

peorgock  GEOGRID CONNECTION DESIGN PARAMETERS

05481 U3 31 SOUTH » CHARLEVOIX. I 4720 « B66-222-8400 « WWW.REDI-ROCK COM

Test Methods: ASTM D6638 & NCMA SRWU-1 Test Facility: Bathurst, Clarabut Geotechnical Testing, Inc.

Geogrid Type: Miragrid 20XT Test Date: December 16, 2011
Block Type: Positive Connection (PC) Block
CONNECTION STRENGTH TEST DATA™ MIRAGRID 20XT CONNECTION STRENGTH
Test | Normal Peak Observed 16,000 |
Na. | Load, Ibift | Connection, Ib/ft Failure % 14,000 - & ‘ - =
1 2,608 13,797 Rupture ; 12,000 [ L |
e | e S ® o | Tuttconn = 13,447 bt | |
3 1,654 13,934 Rupture ol g
4 2,521 14,299 Rupture _S 8,000
5 3,527 12,837 Rupture § 6,000 -
3] 4,302 13,797 Rupture §
7 2,573 14,345 Rupture = 4,000
8 5,196 13,706 Rupture & 2,000
0
Peak Connection (ayuage) = 13,837 Ib/ft 0 1,000 2,000 3,000 4,000 5000 6,000
Peak Connection (gsy contisencaievery = 13,447 1D/t ¥l Normal Load, Ib/ft
CONNECTION DESIGN DATA for use with AASHTO LRFD Bridge Design Specifications, 6th Edition (2012)
Miragrid 20XT Ultimate Tensile Strength (MARV) Tur= 13,705 Ib/ft
Ultimate Connection Strength Tuteonn= 13,447 Ib/ft
Ultimate Tensile Strength of Geosynthetic Test Sample T = 16,397 Ibift
Connection Strength / Sample Strength Tuiconn ! Tt = 0.82
Short-term Ultimate Connection Strength Reduction Factor () CR,= 0.80
Creep Reduction Factor
75-Year Design RFcprizs = 1.44
100-Year Design RF crno = 1.45
Durability Reduction Factor “/ RFp = 115
Long-term Connection Strength Reduction Factor
75-Year Design CRyrs = 0.56
100-Year Design CR 100 = 0.55
Nominal Long-term Geosynthetic Connection Strength
75-Year Design Taesy = 6,621 Ibfft
100-Year Design Tacio0 = 6,575 Ibift

{a) Tested with 3/4" clean crushed stone lightly compacted in the vertical core slot in accordance with Redi-Rock's typical installation recommendations.
(b) Because the geogrid connection is not normal load dependent and an expression of peak connection for use in design cannot be reliably determined
through linear regression, the peak connection results are analyzed as continuous random variables, The average value or sample mean is reported for
the test sample as well as a reduction based upon a 95% confidence interval calculated from the Student's t-test for n-1 degrees of freedom.

(z) Recommended CRu for design is based on a statistical best fit analysis of Tulteonn f Tlot values across all geogrid types tested

(d) Recommended value for 5 < pH <8, RF value of 1.3 recommendedfor45spH=s5and8spHs9.

The information eontained in this report has been carefully compiled by Redi-Rock International, LLC as a recommendation of peak connection capacity.
It is accurate to the best of our knowledge as of the date of its issue. However, final determination of the suitability of any design information and the
appropriateness of this data for a given design purpose is the sole responsibility of the user. No warranty of performance is expressed or implied by the
publishing of the foregoing laboratory test results. Issue date: May 12, 2014,
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) Block Project # BCGT211035
and Miragrid 20XT Series BCGT3139
Introduction

This report gives the results of a connection testing program carried out to evaluate the
mechanicalfrictional performance ofthe connection between Redi-Rock Positive Connection
(PCY™ modular conerete block units manufactured by Redi-Rock International, LLC and Mi-
ragrid 20XT" geogrid.

The test program was initiated in response to averbal authorization to proceed from Mr.
Jamie Johnson of Redi-Rock International. LLC received 29 November 201 1.

The tests were carried out at the laboratories of Bathurst, Clarabut Geotechnical Testing,
Inc. in Kingston, Ontario, under the supervision of Mr. Peter Clarabut.

Objectives of test program

The facing-geogrid connection between Redi-Rock concrete block units and Miragrid
20XT geogrid was investigated using a large-scale connection test apparatus.

The principal objective of the testing was to evaluaie the frictional/mechanical perform-
ance of these connections. A second objective was to make preliminary recommendations for
the selection of long-term tensile connection capacities tobe used in the design and analysis of
geogrid-reinforced soil wall systems that employ Redi-Rock blocks in combination with Mira-
grid 20XT geogrid.

Materials

The Redi-Rock Positive Connection (PC) Block units used in this investigation are solid
concrete blocks. The nominal dimensions of the blocks are 28 inches (toe to heel)by 18 inches
high by 46 inches long and weigh approximately 1625 1b per unit. Construction alignment and
wall batter is achieved by means of two dome-shaped concrete shear keys cast into the top sur-
face of the units. The Redi-Rock block system employs a rectangular hole in the block to me-
chanically attach the geogrid reinforcement. The rectangular hole is centrally located across
the block length and located 10inches from the back of the block. The blocks used in this series
of tests were supplied by Redi-Rock International and were received at our laboratory on 9
August 2011 and designated as BIC-11-025.

Miragrid 20XT is a coated bi-directional grid composed of 100% polyester multifilament
yarn with a tensile strength of 13,705 Ib/ft in the machine direction (based on ASTM D 6637
method of test and reported on the manufacturers’ website - www. tencate.com on 28 Novem-
ber 2011). The geogrid used in this series of testing was delivered as 12 inch wide (12 strands),
specimens from roll/lot # 31136431 received at our laboratory on 17 November 2011, The in-
dex strength of roll/lot # 31136431 was 16,397 Ib/ft (test data supplied by TC Mirafi).

Apparatus and general test procedure

The method of test used in this investigation follows that reported by Bathurst and Simac
(1993) and recommended by the NCMA (Simac et al. 1993) and ASTM D 6638. A brief de-
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seription of the apparatus and test methodology is presented here. The test apparatus used to
perform the tests is illustrated in Figure 1. The test apparatus allows tensile loads of up to
35,000 pounds to be applied to the geogrid while it is confined between two block layers. The
facing block was laterally restrained and surcharged vertically. A strip of geogrid reinforce-
ment 12 incheswide (11 longitudinal strands)was passed through the block and both ends were
attached toroller clamps. The connection detail and roller clamp arrangement is illustrated in
Figure 2. A photograph of the Redi-Rock Positive Connection (PC) Block system and the rec-
ommended geogrid connection configuration is shown in Figure 3. The hollow slot portion of
the block was infilled with a 3/4 inch, 100% crushed limestone aggregate and lightly com-
pacted. Figure 4illustrates the particle size distribution of the infill used in this test series. Two
wire-line LVD'T(s) were connected to the lower grid to measure grid displacement at the back
of the block. Wall heights were simulated by placing one block over the interface and applying
an additional surcharge load using the vertically-oriented hydraulic jack shown in Figure 1.
Gum rubber mats were placed over the top block to ensure a uniform distribution of vertical
surcharge pressure. The connection force was applied at a constant rate of displacement (i.e.
0.75 inch/minute) using a computer-controlled hydraulic actuator. The load and displace-
ments measured by the actuator and the IVDT(s) were recorded continuously during the test
by a microcomputer/data acquisition system. All blocks used in the tests were visually in-
spected to confirm that they were free of defects. Fach test was continued until there was a
sustained loss in connection load due to grid rupture. Following each test, the block was re-
moved and the grid examined to confirm failure modes. Avirginspecimen of grid was used for
each test.

The only variable in this series of connection tests was the magnitude of surcharge load.
Test program

The surcharge loads used in the test program are given in Table 1. Also tabulated are the
failure loads observed for each test.

Test results
A summary of tensile loads at peak capacity is given in Figure 5.

The peak connection capacity between Redi-Rock Positive Connection (PC) Block units
and Miragrid 20XT for walls between 802 and 5196 Ib/ft normal load, ranged between 78 and
87% of the index tensile strength of the specimen of Miragrid 20X T used in this investigation
(16,397 1b/ft - value reported by manufacturer for material used in this investigation).

Two repeat tests were performed and results in Figure 5 illustrate that there is minor vari-
ability in connection capacity between nominal identical tests. The variability is 2.5% and
hence within the + 109 of the mean peak load criterion required by the NCMA. Thisvariabil-
ity is likely the result of small differences in the setting up of the blocks and laying out of the
geogrid reinforcement. The trend in data for peak connection loads has been plotted using a

linear curve.
Bathurst, Clarabut Geotechnical Testing, Inc. 16 December 2011
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All tests ended in rupture of one or more longitudinal geogrid members. There was evi-
dence of slippage of the grid within the concrete block-grid interface in all tests. Grid straining
and slippage caused abrasion of longitudinal members as the geogrid was pulled across the
concrete surfaces,

Implications to Redi-Rock Positive Connection (PC) Block design and construction with Mi-
ragrid 20XT geogrid

The long-term design connection capacity in the field must be less than the peak capacity
envelope determined in this test series for the same method and quality of construction. The
NCMA Segmental Retaining Wall Design Manual (First Edition, 1993) recommends that the
design connection capacity at a given surcharge load for a critical wall structure be the lesser of
the peak capacity divided by aminimum factor of safety (not less than 1.5) or the capacity based
on a 3/4 inch displacement criterion. The design curve in Figure 6 has been selected based on
peak capacity load data only.

The design capacity envelope illustrated in Figure 6 should be used with caution. The actu-
al design capacity envelope should be lower if the quality of construction in the fieldis less than
that adopted in this controlled laboratory investigation and/or lower quality concrete is used in
the manufacture of the blocks. For example, the interface concrete surfaces should be free of
debris before placement of grid and blocks in order to minimize abrasion to the grid and to
maximize the frictional resistance that is developed at the conerete block-grid interface.

Itisveryimportant that production blocks have uniform dimensions so that there is no step-
ping at the block joints that can lead to non-uniform frictional resistance at the block-grid in-
terface, pinching of the grid at the block edges and possibly fracture of the concrete units.

Summary of conclusions

A laboratory testing program was carried out to evaluate the mechanical/frictional connec-
tion performance of Redi-Rock modular block facing units in combination with Miragrid
20XT. The following conclusions can be drawn:

1. The peak connection capacity between Redi-Rock Positive Connection (PC) Block units
and Miragrid 20X T geogrid for walls between 802 and 5196 Ib/ft normal load, ranged be-
tween 100 and 109% of the index tensile strength of the specimen of Miragrid 20XT used
in this investigation {16,397 Ib/ft - value reported by manufacturer for material used in this
investigation).

2. The trend in data for peak connection loads has been plotted using a linear curve. In addi-
tion, some variability in strength values was observed between nominal identical tests due
tosmall differences in setting up of the blocks and laying out of the geogrid reinforcement.

3. Care must be taken during the installation of Redi-Rock Positive Connection (PC) Block
units in order to prevent accumulation of soil and rock debris at the concrete block-grid

Bathurst, Clarabut Geotechnical Testing, Inc. 16 December 2011
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interface surfaces. This debris may significantly reduce the capacity of the Redi-Rock fac-
ing unit-grid system.

4. The design envelope in Figure 6 is based on an interpretation of test data as recommended
in the NCMA Segmental Retaining Wall Design Manual (First Edition, 1993). The choice
of design connection strengths may vary from site 1o site and quality of construction in the
field may require lower design values than those taken from Figure 6.

= —

P. Clarabut
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Table 1:

Test Program:
Redi-Rock Positive Connection (PC) Block unit - Miragrid
20XT polyester geogrid connection

Test normal load peak horz. peak tensile observed failure mode
number (Ib/ft) load (Ib/block) | capacity per
single strip
(Ib/t) (note 2)
1 2608 27594 13797 Rupture
2 802 27959 13980 Rupture
3 1654 27868 13934 Rupture
4 2521 28599 14299 Rupture
5 3527 25675 12837 Rupture
6 4302 27594 13797 Rupture
7 2573 28690 14345 Rupture
8 5196 27411 13706 Rupture
Bathurst, Clarabut Geotechnical Testing, Inc. 16 December 2011
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LEGEND
1 Redi-Rock block 6 guide rail 11 platform
2  geogrid 7  LVDT clamp 12 wire-line LVDT
3 loading platen 8 surcharge actuator 13 computer controlled
4 roller clamps 9 loading frame hydraulic actuator
5 lateral restraining system 10 spacers 14 stiff gum rubber mat
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Figure 1: Schematic of connection test apparatus

showing Redi-Rock Positive Connection (PC)
Block units and Mirafi geogrid
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Geogrid  Redi-Rock block
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Moving clamp

N

-
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Figure 2: Schematic of connection detail and
clamp arrangement
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Figure 3: Photograph of the Redi-Rock Positive Connection (PC) Block
system and Miragrid 20XT geogrid
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Figure 4: Particle size distribution for 100% crushed
granular stone used in Redi-Rock Positive
Connection (PC) Block tests
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Figure 5: Connection capacity versus normal load for
Redi-Rock Positive Connection (PC) Block
with Miragrid 20XT based on a 12 inch wide

strip of geogrid
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Figure 6: Preliminary design capacity envelope for
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peorgock  OLOGRID CONNECTION DESIGN PARAMETERS

05481 US 31 SOUTH « CHARLEVOIX NI 49720 « 866-222-8400 « WWWREDI-ROCK COM

Test Methods: ASTM D6638 & NCMA SRWU-1 Test Facility: Bathurst, Clarabut Geotechnical Testing, Inc.

Geogrid Type: Miragrid 24XT Test Date: February 29, 2012
Block Type: Positive Connection (PC) Block
CONNECTION STRENGTH TEST DATA" MIRAGRID 24XT CONNECTION STRENGTH
Test Normal Peak Observed 24,000 .
Na. | Load, Ibift | Connection, Ib/ft Failure % 21,000 4 < L * *
1 4,048 20,375 Grid Rupture ; 18.000 &
2 4,362 22,020 Grid Rupture = ‘ Tultconn = 20,193 Ib/ft
3 665 22,568 | Grid Rupture £ 15,000 !
4 2,538 20,832 Grid Rupture _S 12,000
5 1.713 21,746 Grid Rupture § 9.000 -
3] 5,248 21,837 Block & Grid §
7 2,539 18,913 Grid Rupture = e
8 4,063 21,015 BlockRupture & 3,000
0
Peak Connection (ayerage) = 21,163 Ib/ft 0 1,000 2000 3000 4,000 5000 6,000
Peak Connection (gsy contisencaievey = 20,199 1D/t L Normal Load, Ib/ft
CONNECTION DESIGN DATA for use with AASHTO LRFD Bridge Design Specifications, 6th Edition (2012)
Miragrid 24XT Ultimate Tensile Strength (MARVY) Tur= 27,415 Ibift
Ultimate Connection Strength Tuteonn= 20,199 Ib/ft
Ultimate Tensile Strength of Geosynthetic Test Sample T = 29,130 Ib/ift
Connection Strength / Sample Strength Tuiconn ! Tt = 0.69
Short-term Ultimate Connection Strength Reduction Factor ' CR,= 0.69
Creep Reduction Factor
75-Year Design RFcprizs = 1.44
100-Year Design RF crno = 1.45
Durability Reduction Factor “/ RFp = 115
Long-term Connection Strength Reduction Factor
75-Year Design CRyrs = 0.48
100-Year Design CR 100 = 0.48
Nominal Long-term Geosynthetic Connection Strength
75-Year Design Taesy = 11,423 b/t
100-Year Design Taeiony = 11,344 Ibift

{a) Tested with 3/4" clean crushed stone lightly compacted in the vertical core slot in accordance with Redi-Rock's typical installation recommendations.
(b) Because the geogrid connection is not normal load dependent and an expression of peak connection for use in design cannot be reliably determined
through linear regression, the peak connection results are analyzed as continuous random variables, The average value or sample mean is reported for
the test sample as well as a reduction based upon a 95% confidence interval calculated from the Student's t-test for n-1 degrees of freedom.

(z) Recommended CRu for design is based on a statistical best fit analysis of Tulteonn f Tlot values across all geogrid types tested

(d) Recommended value for 5 < pH <8, RF value of 1.3 recommendedfor45spH=s5and8spHs9.

The information eontained in this report has been carefully compiled by Redi-Rock International, LLC as a recommendation of peak connection capacity.
It is accurate to the best of our knowledge as of the date of its issue. However, final determination of the suitability of any design information and the
appropriateness of this data for a given design purpose is the sole responsibility of the user. No warranty of performance is expressed or implied by the
publishing of the foregoing laboratory test results. Issue date: May 12, 2014,
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) block and Project # BCGT211031
Miragrid 24XT Series BCGT3132B
Introduction

This report gives the results of a connection testing program carried out to evaluate the
mechanical/frictional performance of the connection between Redi-Rock Positive Connection
(PC)® modular concrete block units manufactured by Redi-Rock International, LLC and Mi-
ragrid 24XT" geogrid.

The test program was initiated in response to a verbal authorization to proceed from Mr.
Jamie Johnson of Redi-Rock International, LLC received 9 August 2011.

The tests were carried out at the laboratories of Bathurst, Clarabut Geotechnical Testing,
Inc. in Kingston, Ontario, under the supervision of Mr. Peter Clarabut.

Objectives of test program

The facing-geogrid connection between Redi-Rock concrete block units and Miragrid
24X T geogrid was investigated using a large-scale connection Lest apparatus.

The principal objective of the testing was to evaluate the frictional/mechanical perform-
ance of these connections. A second objective was to make preliminary recommendations for
the selection of long-term tensile connection capacities to be used in the design and analysis of
geogrid-reinforced soil wall systems that employ Redi-Rock blocks in combination with Mira-
grid 24XT geogrid.

Materials

The Redi-Rock Positive Connection (PC) Block units used in this investigation are solid
concrete blocks. The nominal dimensions of the blocks are 28 inches (toe to heel) by 18 inches
high by 46 inches long and weigh approximately 1625 1b per unit. Construction alignment and
wall batter is achieved by means of two dome-shaped concrete shear keys cast into the top sur-
face of the units. The Redi-Rock block system employs a rectangular hole in the block to me-
chanically attach the geogrid reinforcement. The rectangular hole is centrally located across
the block length and located 10 inches from the back of the block. The bottom blocks used
in this series of tests were supplied by Redi-Rock International and were received at our labo-
ratory on 9 August 2011 and designated as BIC-11-026 and BIC-11-027.

Miragrid 24XT is a coated bi-directional grid composed of 100% polyester multifilament
yarn with a tensile strength of 27.415 Ib/ft in the machine direction (based on ASTM D 6637
method of test and reported on the manufacturers’ website - www.tencate.com on § January
2012). The geogrid used in this series of testingwas delivered as 12inch wide (12 strands), spec-
imens from roll/flot # 031116222 received at our laboratory on 25 August 2011. The index
strength of roll/lot # 031116222 was 29,130 Ib/ft (test data supplied by TC Mirafi).

Apparatus and general test procedure

The method of test used in this investigation follows that reported by Bathurst and Simac
(1993) and recommended by the NCMA (Simac et al. 1993) and ASTM D 6638. A brief de-
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seription of the apparatus and test methodology is presented here. The test apparatus used to
perform the tests is illustrated in Figure 1. The test apparatus allows tensile loads of up to
70,000 pounds to be applied to the geogrid while it is confined between two block layers. The
facing block was laterally restrained and surcharged vertically. A strip of geogrid reinforce-
ment 12 incheswide (11 longitudinal strands)was passed through the block andboth ends were
attached to roller clamps. The connection detail and roller clamp arrangement is illustrated in
Figure2. A photograph of the Redi-Rock Positive Connection (PC) Block system and the rec-
ommended geogrid connection configuration is shown in Figure 3. The hollow slot portion of
the block was infilled with a 3/4 inch, 100% crushed limestone aggregate and lightly com-
pacted. Figure dillustrates the particle size distribution of the infill used in this test series. Two
wire-line LVDT(s)were connected to the lower grid to measure grid displacement at the back
of the block. Wall heights were simulated by placing one block over the interface and applying
an additional surcharge load using the vertically-oriented hydraulic jack shown in Figure 1.
Gum rubber mats were placed over the top block to ensure a uniform distribution of vertical
surcharge pressure. The connection force was applied at a constant rate of displacement (i.e.
0.75 inch/minute) using a computer-controlled hydraulic actuator. The load and displace-
ments measured by the actuator and the IVDT(s) were recorded continuously during the test
by a microcomputer/data acquisition system. All blocks used in the tests were visually in-
spected to confirm that they were free of defects. Hach test was continued until there was a
sustained loss in connection load due to grid rupture or concrete failure. Following each test,
the block was removed and the grid examined to confirm failure modes. A virginspecimen of
grid was used for each test.

The only variable in this series of connection tests was the magnitude of surcharge load.
Test program

The surcharge loads used in the test program are given in Table 1. Also tabulated are the
failure loads observed for each test.

Test results
A summary of tensile loads at peak capacity is given in Figure 5.

The peak connection capacity between Redi-Rock Positive Connection (PC) Block units
and Miragrid 24XT for walls between 665 and 5248 Ib/ft normal load, ranged between 68 and
77% of the index tensile strength of the specimen of Miragrid 24X T used in this investigation
(29.130 Ib/ft - value reported by manufacturer for material used in this investigation). The
trend in data for peak connection loads has been plotted using a linear curve.

Two repeat tests were performed and results in Figure 5 illustrate that there is some vari-
ability in connection capacity between nominal identical tests. The variability is 6.5% and
hence within the & 109 of the mean peak load criterion required by the NCMA. Thisvariabil-
ity is likely the result of small differences in the setting up of the blocks and laying out of the
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geogrid reinforcement. The trend in data for peak connection loads has been plotted using a
linear curve. The reduced connection capacity at lower surcharge loads maybe due to the com-
bined effect of lower surcharge pressure and more geogrid slippage.

Tests 6 and 8 ended in failure of the concrele blocks, all other tests ended in failure of the
geogrid reinforcement. There was evidence of slippage of the grid within the concrete block-
gridinterface in all tests. Grid straining and slippage caused abrasion of longitudinal members
as the geogrid was pulled across the concrete surfaces.

Implications to Redi-Rock Positive Connection (I’C) Block design and construction with Mi-
ragrid 24XT geogrid

The long-term design connection capacity in the field must be less than the peak capacity
envelope determined in this test series for the same method and quality of construction, The
NCMA Segmental Retaining Wall Design Manual (First Edition, 1993) recommends that the
design connection capacity at a given surcharge load for a critical wall structure be the lesser of
the peak capacitydivided by a minimum factor of safety (notless than 1.5) or the capacity based
on a 3/4 inch displacement criterion. The design curve in Figure 6 has been selected based on
peak capacity load data only.

The design capacity envelope illustrated in Figore 6 should be used with caution. The actu-
al design capacity envelope should be lower if the quality of construction in the field is less than
that adopted in this controlled laboratory investigation and/or lower quality concrete is used in
the manufacture of the blocks. For example, the interface concrete surfaces should be free of
debris before placement of grid and blocks in order to minimize abrasion to the grid and to
maximize the frictional resistance that is developed at the concrete block-grid interface.

Itisveryimportant that production blocks have uniform dimensions so that there is no step-
ping at the block joints that can lead to non-uniform frictional resistance at the block-grid in-
terface, pinching of the grid at the block edges and possibly fracture of the concrete units.

Summary of conclusions

Alaboratory testing program was carricd out to evaluate the mechanical/frictional connec-
tion performance of Redi-Rock modular block facing units in combination with Miragrid
24XT. The following conclusions can be drawn:

1. The peak connection capacity between Redi-Rock Positive Connection (PC) Block units
and Miragrid 24XT geogrid for walls between 665 and 5248 Ib/ft normal load, ranged be-
tween 68 and 77% of the index tensile strength of the specimen of Miragrid 24XT used in
this investigation (29,130 Ib/ft - value reported by manufacturer for material used in this
investigation).

a2

The trend in data for pe ak connection loads hasbeen plotied using a linear curve. In addi-
tion, some variability in strength values was observed between nominal identical tests due
to small differences in setting up of the blocks and laying out of the geogrid reinforcement.
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Redi-Rock Positive Connection (PC) block and Project # BCGT211031
Miragrid 24XT Series BCGT3132B

3. Care must be taken during the installation of Redi-Rock Positive Connection (PC) Block
units in order to prevent accumulation of soil and rock debris at the concrete block-grid
interface surfaces. This debris may significantly reduce the capacity of the Redi-Rock fac-
ing unit-grid system.

4. The design envelope in Figure 6 is based on an interpretation of test data as recommended
in the NCMA Segmental Retaining Wall Design Manual (First Edition, 1993). The choice
of design connection strengths may vary from site to site and quality of construction in the
field may require lower design values than those taken from Figure 6.

=

P. Clarabut
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) block and Project # BCGT211031
Miragrid 24XT Series BCGT3132B
Table 1:

Test Program:
Redi-Rock Positive Connection (PC) Block unit - Miragrid
24XT polyester geogrid connecticn

Test normal load peak horz. peak tensile observed failure mode
number (Ib/fty load (Ib/block) | capacity per
single strip
(Ibfft) (note 2)
1 4046 40751 20375 Grid Rupture
2 4362 44040 22020 Grid Rupture
3 665 45137 22568 Grid Rupture
4 2538 41665 20832 Grid Rupture
5 1713 43492 21746 Grid Rupture
6 5248 43675 21837 Grid and Block Rupture
7 2539 37827 19914 Grid Rupture
8 4063 42030 21015 Block Rupture
Bathurst, Clarabut Geotechnical Testing, Inc. 29 February 2012
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) block and Project # BCGT211031
Miragrid 24XT Series BCGT3132B
LEGEND
1 Redi-Rock (PC) Block 6 guide rail 11 platform
2  geogrid 7  LVDT clamp 12 wire-line LVDT
3 loading platen 8 surcharge actuator 13 computer controlled
4 roller clamps 9 loading frame hydraulic actuator
5 lateral restraining system 10 spacers 14 stiff gum rubber mat
T 9
8
5ft
2\ 3
. 14
12 E x L
* l:l 7 -— 1
18 o B
| 5—=: o 11
R [=—=t 14 inch stroke
wire-line
displacement
device
I1
. ———
i "N !
19 T P o 1 [ 12 inch
inch specimen width
¥ “ 1
o
T
]

Figure 1. Schematic of connection test apparatus

showing Redi-Rock Positive Connection (PC)
Block units and Mirafi geogrid
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) block and Project # BCGT211031
Miragrid 24XT Series BCGT3132B

1O N

To Actuator

o7

Geogrid  Redi-Rock PC Block

l

Moving clamp

N

-

To Actuator

Figure 2. Schematic of connection detail and
clamp arrangement
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) block and Project # BCGT211031
Miragrid 24XT

Series BCGT3132B

e . B

I
|

:
|
1
l

o 8 MR R R

Figure 3: Photograph of the Redi-Rock Positive Connection (PC) Block
system and Miragrid 24XT geogrid
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) block and Project # BCGT211031
Miragrid 24XT Series BCGT3132B

#4 sieve 3/4"
100 | .
90 ' /

80

70

g i/

40

20 /

10

percent finer than (%)
3

1 5 10 30 50

particle size (mm)

Figure 4: Particle size distribution for 100% crushed
granular stone used in Redi-Rock Positive
Connection (PC) Block tests
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) block and Project # BCGT211031
Miragrid 24XT Series BCGT3132B

Redi-Rock / Miragrid 24XT

e peak
25000
A
A A A
L
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= peak capacity
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=
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@
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@
© 10000-
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©
(1]
=
S 5000
Q

0 T T T T T T T T T T T
0 1000 2000 3000 4000 5000 6000

normal load (Ib/ft)

Figure 5: Connection capacity versus normal load for
Redi-Rock Positive Connection (PC) Block
with Miragrid 24XT based on a 12 inch wide

strip of geogrid
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APPENDIX: 1.2.6A UNIT-GEOGRID CONNECTION TEST REPORT

Redi-Rock Positive Connection (PC) block and Project # BCGT211031
Miragrid 24XT Series BCGT3132B

Redi-Rock / Miragrid 24XT

e peak
25000
A
A A A
& 2
20000 A
15000

|

10000- design envelope based on a
1.5 factor-of-safety applied to
peak connection capacity

5000-

connection capacity (Ib/ft)

0 T T
0 1000

5000 3000 4000 5000 6000

normal load (Ib/ft)

Figure 6: Preliminary design capacity envelope for
Redi-Rock Positive Connection (PC) Block
units with Miragrid 24XT geogrid based on a
12 wide inch strip of geogrid
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REDI-ROCK PC IN-BLOCK INSTALLATION DAMAGE TESTING MAY 6, 2013

INTRODUCTION

This report summarizes the test procedure used to evaluate installation damage to Mirafi XT geogrid
strips when installed in a Redi-Rock Positive Connection (PC) block.

The Redi-Rock Positive Connection block is a precast concrete segmental retaining wall block that can be
used to design and construct gravity or mechanically stabilized earth (MSE) retaining walls. When used
for a MSE wall, a 12" wide strip of geogrid is passed through a vertical core slot in the PC block. The
geogrid strip extends horizontally into the reinforced zone on both the top and bottom of the block,
{Figure 1) Following installation of the geogrid strip through the PC block, the vertical core slot in the
block is filled with stone backfill. Hand tamping is used to compact and consolidate the stone in the slot,

Figure 1 - PC Block with Geogrid Strip

Forthis testing, a praocedure was developed to quantify damage to the geogrid strips due to compaction
of the stone core fill in the PC block. Any in-block installation damage to the geogrid will reduce the
connaction strength of the geogrid strip and the Redi-Rock PC block.

A series of tests was performed at the Redi-Rock International equipment manufacturing facility in
Charlevaix, M| where strips of Mirafi geogrid were installed in PC blocks. Crushed stona core fill was
placed in the vertical caore slot of the PC hlocks. The stone was then consolidated with standard, heavy,
or very heavy compaction effart. Following compaction of the stane, the geogrid strip samples were
exhumed, labeled, and sent to TenCate Geosynthetics for wide width testing at their materials lab in
Cornelia, GA.

A comparison of the wide width tests from geogrid strips installed in the block and undamaged contral
strips is used to quantify a reduction in strength of the geogrid due to the installation and compaction of
the crushed stone core fill in the PC block.
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REDI-ROCK PC IN-BLOCK INSTALLATION DAMAGE TESTING MAY 6, 2013

MATERIALS

Redi-Rock Positive Connection (PC) blocks were used in these tests, The blocks are 18" high, They
measure 46.125" along the face (widest part of the block), and are 28” from the outside of the face
texture to the back of the block. {Figure 2)

40" (1016 mm)

‘;/i'

P
(1972 mm) 4, :

FACE TEXTURE VARIES ')\\\(/' *287 (711 mm)

Figure 2 - PC Block Dimensions

The geogrid reinfarcement used in these tests was Miragrid 5XT, 10XT, and 20XT manufactured by
TenCate Geosynthetics. The geogrid is factory cut into 12" wide strips for use with the Redi-Rock PC
Systerm. The Miragrid 5XT was from lot 031142598... The Miragrid 10XT was from lot 031142157, test
roll 000254429 with a reported tensile strength of 10,505 Ib/ft {153.3 kN/m) ultimate and 4,180 Ib/ft
{61.0 kN/m) at 5%. The Miragrid 20XT was from lot 031143300...

The stone used for infill was crushed limestone, |t was visually graded as angular material with a soil
classification of GP {poorly graded gravel). The LA Abrasion testing for this material demonstrated a 27%
loss. Full details are provided in Appendix A.

The compactor used for the very heavy installation compaction tests was a Stone Model 552 vibratary
plate compactar rated to deliver 5,100 1b (22.70 kN) eccentric force and operate at 5,400 Hz,

Tests were performed in a steel test frame, The frame measures 547 {1.37 m) wide and 64" {1.62 m)
long and is 24” {0.6 m) deep. The sides and ends of the frame are removable. {Figure 3)
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REDI-ROCK PC IN-BLOCK INSTALLATION DAMAGE TESTING MAY 6, 2013

Figure 3 - Test Frame and Plate Compactor

TEST DESCRIPTIONS
Tests were performed on different geogrid materials and with different levels of compaction effort.

In the first series of tests, 10XT geogrid was installed in a Redi-Rock PC block, the vertical core slot was
filled with crushed limestone, and heavy compaction effort was applied. The heavy compaction effort is
assumed to be equivalent to the maximum amount of compaction which would be encountered in a
field installation. The heavy compaction effort exceeds the amount recommended by Redi-Rock for
proper installation.

Crushed stone was placed in the bottom 4” {100 mm) of the test frame. Two Redi-Rock PC blocks were
placed along one side of the frame. A strip of Mirafi 10XT geogrid was installed in each block. Crushed
stone core fill was then placed in the slot behind the geogrid. One block was filled approximately 8"
{230 mm) with stone. The stone was compacted with 20 medium blows with a large steel “spud” bar.
These are the odd numbered test specimens in Appendix B. The second block was filled with 12" (300
mm) with stone. The stone was compacted with 12 medium blows with a large steel “spud” bar.
(Figure 4) These are the even numbered test specimens in Appendix B. The stone in both blocks
consolidated approximately 0.75” (19 mm) during the compaction with the steel bar. The blocks were
filled the rest of the way with stone. The stone was compacted with 15 medium blows with a wood
post. (Figure 5} The stone consolidated approximately 17 (25 mm) during the compaction with the
wood post.
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REDI-ROCK PC IN-BLOCK INSTALLATION DAMAGE TESTING MAY 6, 2013

Figure 4 - Compaction with "Spud" Bar Figure 5 - Compaction with Wood Post

Following compaction of the stone the geogrid sample was exhumed. The top 4" (100 mm) of stone was
removed by hand. A hook and chain was attached to the lifting ring in the top of the PC block and a
forklift was used to lift the block out of the test frame. (Figure 6) With the block suspended in the air, it
only took a small amount of effort to dislodge the stone and cause it to fall freely from the slot in the
block. The geogrid sample was then removed from the block, labeled, and set aside for wide width
tensile testing. Aseparate control specimen was taken from the geogrid roll after every set of tests for
baseline measurements of geogrid strength.
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REDI-ROCK PC IN-BLOCK INSTALLATION DAMAGE TESTING MAY 6, 2013

Figure 6 — Exhuming Geogrid from Block

In the second series of tests, 5XT geogrid was installed in a Redi-Rock PC block, the vertical core was
filled with crushed limestone, and standard compaction effort was applied. The standard compaction
effort is assumed to be equivalent to the compaction which would be encountered in a field installation.

Crushed stone was placed in the bottom 4” {100 mm) of the test frame. Two Redi-Rock PC blocks were
placed along one side of the frame. A strip of Mirafi 5XT geogrid was installed in each block. A 6" (150
mm] thick layer of crushed stone was then placed in the vertical core slot. The stone was compacted
with 10 medium blows with a large steel “spud” bar. The stone consolidated approximately 1" (25 mm)
due to the compaction. A second layer of stone 6" (150 mm) thick was placed in the vertical core slot
and then compacted with 10 medium blows with a large steel “spud” bar. The second lift of stone
consolidated approximately 0.5” (13 mm) due to the compaction. A third layer of stone 6” (150 mm)
thick was placed in the vertical core slot and then compacted with 10 medium blows with a large steel
“spud” bar. The third lift of stone consolidated approximately 1.5" (38 mm) due to the compaction.

Following compaction of the stone, the geogrid sample was exhumed following the same procedure
used for the first series of 10XT tests. A separate control specimen was taken from the geogrid roll after
every set of tests for baseline measurements of geogrid strength.

In the third series of tests, 20XT geogrid was installed in a Redi-Rock PC block, the vertical core was filled
with crushed limestone, and standard compaction effort was applied. The tests for the 20XT geogrid
were performed following the same procedure as used for the 5XT tests. The stone lifts, compaction
effort, and visually identified consolidation were the same as the 5XT tests.
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REDI-ROCK PC IN-BLOCK INSTALLATION DAMAGE TESTING MAY 6, 2013

In the fourth series of tests, 10XT geogrid was installed in a Redi-Rock PC block, the vertical core was
filled with crushed limestone, and very heavy compaction effort was applied. The very heavy
compaction effort is assumed to be greater than any compaction which would be encountered in a field
installation. The results from these tests are intended to provide an indication of the upper boundary of
installation damage to geogrid strips from compaction of stone in the PC block.

Crushed stone was placed in the bottom 4" (100 mm) of the test frame. Two Redi-Rock PC blocks were
placed along one side of the frame. A strip of Mirafi 10XT geogrid was installed in each block. Crushed
stone was then placed in the slot behind the geogrid. The blocks were filled approximately 12” (300
mm) with stone. The stone was compacted with 40 very heavy blows with a large steel “spud” bar. The
blocks were then filled the remaining 8” (200 mm}) with stone. The stone was compacted with 15 very
heavy blows with a sledgehammer. (Figure 6) The stone was further compacted with 6 passes of a
vibratory plate compactor on the top of the PC blocks. (Figure 7) Note: it was very difficult to
maneuver the plate compactor between the knobs on the top of the PC block. (Figure 8) Consequently,
this compaction is not expected in field installations.

Figure 9 - Limited Maneuvering Room on Top of Block
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REDI-ROCK PC IN-BLOCK INSTALLATION DAMAGE TESTING MAY €, 2013

Following compaction of the stone, the geogrid sample was exhumed following the same procedure

used for the first series of 10XT tests. A separate control specimen was taken from the geogrid roll after
every set of tests for baseline measurements of geogrid strength.

RESULTS

Wide width tensile tests were performed on the geogrid test specimens at the TenCate materials
laboratory in Cornelia, GA. Tests were performed in accordance with ASTM D6637 (Method B). The
detailed results are included in Appendix B. The results are summarized in Table 1.

Table 1 - Wide Width Tensile Testing Summary Results

Geogrid Baseline 5amples  Compaction Installed Samples Percent of Reduction Factor
Maximum Load Effort Maximum Load Strength Retained for In-Block
(Ibfft) (b1t} Installed/Baseline Installation
Samples Damage, RFyy g ocin
SXT 4,992 Standard 4,964 0.994 1.006
10XT 10,322 Heavy 9,882 0.957 1.045
Very
10XT 10,276 9,125 0.888 1.126
Heavy
20XT 15,988 Standard 15,086 0.944 1.060

Tests with standard compaction effort consistent with Redi-Rock’s installation recommendations show a
strength reduction from less than 1% to 6%. Based on this testing, a reduction factor from 1.01 to 1.06
should be applied to connection test results which were performed without the inclusion of stone core
fill in the vertical core slot in the PC block. This reduction factor will account for the reduction in
strength of the geogrid due to in-block installation damage. Note: connection tests which include stone
core fill already incorporate the impact of this strength reduction in the test results.

Tests with heavy and very heavy compaction effort show a strength reduction of 4.5% to 12.6%. Based
on this testing, an upper boundary for the reduction factor for the inclusion of stone core fill in the
vertical core slot should range between 1.10 and 1.15.

If a Redi-Rock PC System wall is proposed using a stone core fill material or compaction effort which is
different from that used in the existing Redi-Rock connection tests, in-block damage testing similar to
the procedure used in this report should be considered to determine appropriate installation damage
reduction factors. The resulting reduction factors should be applied to connection tests for the geogrid
and Redi-Rock PC block which were performed without the inclusion of stone core fill in the vertical core
slot.
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REDI-ROCK PC IN-BLOCK INSTALLATION DAMAGE TESTING

SUT {"a.%a)/ "0 =" vyL
01T
L6'T g /%g=") €L

(wiw) 3215 3|20 4
or

&

b

30]d 3ZI$-3|21HEd 3ANENWNY |I0S T wn_...h

{wiwy 22
() %q

(ww) *g

D9

wHapy Ag Suissed Juaniag

08

DOT

(18ABID papeso Al100d) 49

(£8ZQ LSV uohedyisse|) |1os

(jensip) JeinSuy

(88+Z20 W1SY) Auenduy

Lz (ss07 94) LoISRIgY <.__
Ol (W) ﬁu,k._,n__
T guiysepn Agssoq|
[4 9¢'z 20N
v SLy t ON
ST 56 W-gfg
9t SET w-z/T
¥6 61 Ul-¢/€
oot St u-t
0ot SLE u-g
(joneigy asie0D) {LL) ‘on|
TadA] ZIG AAIIG LT~

wam Aq Buissed %

Supysa] a8eweq uonie|elsu] §o0|g-u] WalsAs Jd 10} Pasn Auolsawi] paysniy

K10

Redi-Rock Positve Connection Retaning Wall Svstern

366

g
5
[



APPENDIX: 1.2.6B IN-BLOCK INSTALLATION DAMAGE REPORT

APPENDIX B

WIDE WIDTH TENSILE TESTS

Redi-Rock Positive Connection Retaining 'Wall System K11

REDKROCK 367




IN-BLOCK INSTALLATION DAMAGE REPORT

: 1.2.6B

APPENDIX

MAY 6, 2013

REDI-ROCK PC IN-BLOCK INSTALLATION DAMAGE TESTING

| | | | | | | [poor  fsoor | = |
| 3666 [ssE°66 [55°66 [%E00T  [E00T  [%000T  [%b'66 |2%1r'66 1 paufElay wWadkad |
5601 %L1 5 %5T Yl E %6 € %0°E 1T %1Z [(s5)
4 11 640 L] 650 % ZED t 50T uoueEnag pepuels
ros trE'y <€ 0otz 65T FEQ'T <01 [ ros'y ANy
504 DEE'Y L0 1012 ST 50°T 50T Il 096'F mo.H
9oL sEE'y Tz7E 86T 9T prT'T 40T TEL i00's Is
6TL 9267 9ZE TEZ'L 29T EST'T £01 TEL ET0'S “m
foos £6L'T oTE [ 09t 60T 601 SEL t50's |13
't S16'y 5TE 851z 95T 850°T 50t S'EL b0's la (sas31
S'0L CER'Y |g0e orr'e 'St 0%0°1 501 Tl 196y Is e duso)
oze SELE 19t G 86 60L ss8'k v uone) sy
(& 196y LTE vp2't 69T SST°T 0T 9t ov0's £ paepLEIS)
+'89 SB9'F 3 860'7 S'ST 550°T 70T 2'¢9 s1L'y 4 sding 1 s
[ €18 T FEL'Z 95T £90°T 80T 8L 168’7 T
i) (W) /N ) [ fadran) (%) /) (g | sequnn | wopeagnuap
MOTIE 0T 18 %S 1E %518 ®T e T yeaugie pea peo uawpads ajdwes
peoy peo] prol peoy POl pec vopeFuo | woweeyy | wnwpery
UCRIRUIT FUIY IR
401 %0'T e %1E HS'E |%s€ %EE %01 5%0'T ACD
£19 STTw ¥'ST (T4 S'ST 050°T oot 9'89 oo’y unijelyiads
3 aw T L9 1 BE 00 3 B uouenag plepuels
Ts DEE'y s ' a1 680°T <ot £ 65T ANy
| £58' i ESL'? 15T EL0'T £01 81L 726’y S
269 £8L'y POE T80’z ST Ef0°T o1t £EL 1z0's v [s1uam insean
600 T98'r LTE ELT'T 09T 960°T S01 6IL BE5'F 3 auyaseg)
oce v9z'7 9T 62T 66 S 6t I sdils 1x S
ST 268"y TzE GET'T 9T i 901 SEL EE T
(L] {sa) (N} (1] fests/iny) sl (%) e/ nx} (&b Jaquiny UOREDLUIP)
HOT e 0T 1e %5 18 %5 . T e st Heaig 38 pecl peo]  fuswpads 3|duwes
peo) peoq peo ped pedl peo uoreaFuoiy | whwsep Lunwsey
UDIIEIG SRR
£ palsa) s o Jagquuny uonIedwe’ pIRpUElS SUDIRYRISU|
Lt H{ur} PN uawpads 1xS pudeswy adh) puosn
TESDE YO ‘B0 "a1e3us) uoEI OTLBE 1N "HOA3) By TR0 EUISIU) J20U-pay ptlelii:sle ]
ETOZ 'ET |y Hunsa) puioss ET0Z 'ST YHEW Ausa ) uoneyelsy|

(@ pouiar '££900 WESY) Tulsal 3)suIL UIPIM SPIAL
aunpadold Bunsa) aleweq uMe|Elsu| woysn]
SyNSay 1531 JISUAL LRI, 20 aSewen U2 E35 U) UO0HISUU0T HI0(E-1| LONI3UL0T SARS0G JI04-|pay

K12

Redi-Rock Positve Connection Retaning Wall Svstern

368

g
5
[




MAY 6, 2013

369

IN-BLOCK INSTALLATION DAMAGE REPORT

: 1.2.6B

APPENDIX

REDI-ROCK PC IN-BLOCK INSTALLATION DAMAGE TESTING

el
| | [ | | | [ Jswor  Jseo1r | 2y | <
| |%% 26 [vss |wrse  [xrse |56 [#soor [wese  [wese | pauEEy uadiad |
[#TE2 %TET HO'ET %978 Eardld %02 [35'ST %6 T Ea MO
6tz vO6'T LLB GIE) [ZE (i 98T b o6z UD[IEAB] PIEPLETS
50zT 652'8 TS T65'E 662 6¢0' 0zt vr1 7886 aesany
6Es _hmm_m T'EE ziT'7 [zoz £6LT 19T '6ET ﬁ_m o1
A ove's (Ed VES'T [csz 2287 £V vt S16%6 le
a-BeT LEV'E <09 wEY |ee BIET 50T SSKT 186 le
7 8eT B v09 i TEE 227 i B 1696 |
5zeT BL0'E TL5 oT6'E 67E ¥E2'2 50T E'EvT EBES £l
B R qZ5 ST9E 00 £502 EZT B [EsTo1 5
F62T v98's 055 TLL'E BB SO1'7 91T FirT 20101 3
626 cag'y 0'6E TL9'7 LT 08 87T GET 0,76 aE
9°6ET ra5'e L09 B8y e 65E'T il 5'6rT 05€'01 eg
R LEY'E 185 ozo'y TEE 9L’ 20t B 9% K4
S PET rIz'6 5% T8L'E S1E 9517 ETT OEFL BET'DT & sduIs 1x 01
6 05T EBE'S 0°85 TL6'E LEE BEZ'T 1L £ PT £50°01 T
{winigh {aa) [ [ (uifh) (3/at) %] fu/nt ffan | sequny usiieanuap)
07 1 507 18 8618 wee T e %z e jealg 18 peoq pesy uawisads ajdues
pED] pec P peo] peo] peECT uoneduo3 | wnwew | wnwpepy
VO30 UIE
pees [saa %96 59°6 [=ez %8°T B Wz T %zz O
Zzot Do, 55% 0it'e losr 00E'T 00T EEES Joos’s uoeIyEads
3 i1e S 09 T 13 Er0 B 6L UDIE[A3(] PIEPUETS
tit 056's 5 B £ 20T 61T st ZTE'DT aleiany E
@
6'STT PRE'L vay 0BT _lm.mm 6107 97L PE0T s =
EEE SEYE <09 i 21 917 1L E0TDT t (swawainseap o
TszT 6v3'3 S¥S PEL'E TIE TET'T LTt 96501 g awjazeq) W
Z9ET JoEE® £15 676 E G1E B 61T SEG 0T z SIS 1% 0T o
EEET EET'S 095 LEB'E TTE LEE'T ETT 8 LPT BT1'0T T W
{fnig) () ey ) [T (347ai) 7] Tusfns) ) | enwnn | usieaynuapl =
%07 e %01 18 %5 1e wg e ST HE® HEDIF 1B peoy peo udwads ajdwey o
peay pec P peo peo pee uonefuoy | winwexep | wowxep m
LOOAIG ALY 2
=
L iparsa | sqid Jo saquin uozedwsoy Aveay ‘uduepersu| %
SE°L HE RS 1¥0T puSesn :adhy puiicag @
TESDHE WD 'EREWIGT eI UOREIDT OTEET I FION2HEY] “TEURREURI) 20| Pay WoRERe] W
€102 'GT-TT UEW Bupisag pudoan E10Z 'p [pIBi - g2 Aenagay ‘Bupisa) uopegeisy| =2
A
|8 PoUIRY *LE990 INLSV Bupsal 3|isuag yIpim 3P _m
UNpaaedd Buksa ] SSewWeD) UoHE]EISY) WDIEN] L=
SIMS3Y 1531 HISURL YIPIA 2RIV, 25EWe LOOR|RISY| WORIIULOD] ¥I0|g-U| UDHIAUU0T aMUSDd YI0U-1pay M

g
5
[




IN-BLOCK INSTALLATION DAMAGE REPORT

: 1.2.6B

APPENDIX

MAY &, 2013

REDI-ROCK PC IN-BLOCK INSTALLATION DAMAGE TESTING

| _ _ | _ _ _ | S S |
%666 Jwees  |wommr  |wmowny  [wEeor  [x€s0r  [wco8 | BT |see88 | paueay umag |
36 2EY =06 0T 546 0T B o Era | BN AOD
B Oy ) &t IEE = ZET B 03 UCRENSC PIRRURES
EOET EC6'E 509 B9y LVE 08E'T 96 _mm— S{1's afeany
g65 L60'T LEE LOE'2 56 LEET gsl's (18
B TL PI6't £0r 09L'E i3] T'EEL BEL'G &
FLET (276 £L5 L26'E € eI £0T BOFT SHa'6 £
19 GeT' T5E F0v'e 56 0'TeT v93'6 i
et L56'S 595 r68's gIE 6T'T 90T TLET 7686 2
LTET vE0'E 0ss 0LL'E 01 Ter'e 90T SPET LIT'E S
61T [{54] 565 2:0'y ove 0EE'Z ot G STE'8 i (s3sal
G 526 0T ELE 6 0'6ET 9256 g unjediie)
S5 66 LEE BOE'T I'6 EEE 8306 =t uonE|RISU|
9'L9 629t £°8E 529'C +'E vETT 6LT'8 2z fneay Aiap)
€85 ze6' SEE 962z ! B viv's ez sduis 1X 0T
B EGE'T £E5 €59’ S0E EG0'Z Tzl sTeT 1696 1
[ talran) furdne) d/q) {wifneg) (B [E7] Tt ffq | sequny | uoneaynuap
HOT e %OTie %5 1e e e % e w%E e yeaug e peol peoy uaw zads Ijdweg
peoy peoy peo peoy peon peon _._nx.«mﬂ_._n__m LLINERRNE |y L Kegy
uarIANa AUILIEN
WS B [%18 B %6'E %EE FEE'S _mﬁ B s8]
2201 000'L S5 0TT'E 06T 0DE'T 0T 9'EET 005°8 USNENIAAS
£ 0¥ v T0E T (L] t (4 551 UOIRIARL PURpURYS
DET 626'8 L) TOL'E (13 LLr'e (43 05T 9Le'01 aZeany
TEET 1Zl's 05 S06'E TEE 59T LTT £ 05T FIEDL 01
T TET S00'6 T ERG LTE ELT'T Tzt 78T it 0T 5 [s1uawainseayy
SEL 05T'6 795 058'E TZE we'e £TT CELD ZEODT & auyzsed)
9 EET EST'S G55 618t LiE (o't STL BrT 62007 L SHHIg LXK 0T
B [A5] £9r Tit'e 162 BEO'Z 671 6051 EFE DL El
(us/ni) ] [ [ e (/) L] (wrn} () | awny | usnenpiusp
wOT 38 %OT 18 %G e G e T 18 W IE jeaug I8 peoq ped uaw sads apduwes
peOY pecy peo peay peo) pecy uouzfuoy | wnusew | wmwixegy
Lo AUIIERN
£ paysal sy 40 Jagquinp uoipedwny Aseay Aap, wonejeysy|
T () Lppi uawpads LeqT prdenpy -adh) pudoag
TESQE WO "Bi@io] ‘aejua) wonen DETLBY | DALY ‘JEUOHEUIEI YI0y- oy u

ET0Z 'ST-TT WueW

Bunsay pulioan

ET0Z "t yoseln - BZ MEnigay

Hunsa ] vonejesy|

|6 PoysaN "LES90 INLSY) FURsoL SISUL YIPIM PV
1 ASELWEQ L0IR|EISU| WOISND
SUFTERL Ea) B8R | LIpi SE i SER G LORBIEIL) DOBEULGT 30| UBIIIULGT AMIS0 Y- pay

aunpasold B

K14

Redi-Rock Positve Connection Retaning Wall Svstern

370

g
5
[




MAY &, 2013

371

IN-BLOCK INSTALLATION DAMAGE REPORT

: 1.2.6B

APPENDIX

REDI-ROCK PC IN-BLOCK INSTALLATION DAMAGE TESTING

gl
| _ _ | _ | _ loso'r  lesor | 3y | =
[esoor  [wecor  [wees  |wi66  [%r66  [%e66 %816 |%bbs  |%vwe | paUeIay ad |
—xw.m WUE ®BT'E 4TS %EE __x_m.m REL [%ET %®ET ADD
l6ra [ 157 73 [T53 El3 780 q [ UDHE ARG PUEPUETS
G SPE'ET 518 S85'S TGk £ (i 0zz 980'ST =8 1any
907 HHT'YT 292 B 575 565'E 701 TS 6EL'VT ot
16T PEL'EL 08 LEv's Lk 992'E 1 TS ZEF'ST 6
E'val 9TE'EL 508 ars's g8 TEE'E LT 6B0C ETE¥T B
00T 201 'ET T'E8 PEG'S FEl B0V Tt VOIT S0T'ST s
0981 8L'Cl 8L sLe's it (233 rEl ST LEE'ST 9 [s15aL
851 £BS ET B0t ETIT 951’51 5 uonIEdwog
T°9RT T84Tt L'BL S65'S i 9ET°E BZT LRIT 1L9'ST t uoe|esul
o°esT £ELED 9'18 ¥ES'S FEl EGE'E 13 8T 058'FT £ piepuels)
BT PEV'EL 98 0s9's 0os STV'E BOL LT EBY'RL 4 seliars 1x07
| ER 65 'ET 118 855'S st L9F'E 9Tl £97T E0S'ST T
(/) (ral) feet/n) (Hraqn {uafnes) (s %) (uur/p) (il | aequiny | usneynusp
%O 18 %07 1 9455 e 96 18 i e FTal qEaIg o] peay uaals spdweg
peo] peay peo peCc] peoq peay uoieducig [ wnwixepy | wnwpegpy
UOI3NE Suly3epy)
0T w0z HiYE 50'E %Iy | =R HS'E %ET 28T ACD
19 STLY [ 0% T 551 090'T 001 989 0DL'F [EETEES
3 607 [ 83T 4 ST Eb'D ¥ BT LOREIAG] PIRPLRIS
£61 022'Er <] _NS‘m [ TLE'E [ 3 B86'ST e any
5
55T YTE'ET TER £E9'S (3 B vzl FTET 166'ST s B
P561 06€'€1 rE8 orL's 605 98t'E vzr FOET 1g'st v [GUETETI e ol
fgaat LTF'ED 578 059's Tos SEF'E BTI 0ezE BE9'ST E 2uyseq) =
rrogt TO0'TT Sl Log's £ SOT'E (K4 bRET ra0'at r4 sduag 1xot WQ
8251 807 '€l e s £8b BLE'E 6'ZT LBET LEr'9T T £
[ (4 et fran {uifne) [l %/ ] g | sequny | uoneaypuap =
%01 18 %0112 9518 %5 1e % e %Ie Heaug 1e peot peay  |uewpads F|ehies =
pea pea peo peoy peat peal uopeduoiy | wnwixes | wnuixep 5
U230 3UjYIe) 5
8 PSIS3L SOIY 40 saquiny ucnoedwo) prepuels UOHLe| EIsL| %
6L [utl yipn uswisds IX0E prdeaw sadh ) prliosn o
TESOE WD 'Bljawiog 'ajequal uonede DZZEF | "ioaajiey] ‘|euagewiaiuy jaoy-pay ‘uapesn] =
ET0T 21 pdy Hujisa) pudosn ETOE ‘ST uhew Hupsa ) uone| eS| D...ua
A
{8 POLIRIN "LE99Q WLSY) BuNsal apsuay) yipim apia nm
NpE20Ud Ju)is3) aTEwer uone|EIsU WoISN] L
[nsy 153 F(ISUS L YIPI SpiA, AERLIRG UDIE(EISU) 011I3UL07 FI0E-U] LGIIBLLET SANSO 4 {R0U-IpaY M

g
5
[




APPENDIX: 1.2.7 REINFORCEMENT PULL-OUT TEST REPORT

APPENDIX:

1.2.7 REINFORCEMENT PULL-OUT TEST REPORT

REDKROGK

Prepared for:

TenCate Geosynthetics
365 South Holland Drive
Pendergrass, Georgia 30567

FINAL REPORT

PULLOUT TESTING

MIRAGRID 3XT, 8XT, 10XT AND 20XT
GEOGRIDS IN SILTY SAND AND
AASHTO #37 STONE

Prepared by:

SGI TESTING SERVICES, LLC

4405 International Blvd., Suite B-117
Noreross, GA 30003

Project Number SGI19008

20 November 2019

372



APPENDIX: 1.2.7 REINFORCEMENT PULL-OUT TEST REPORT

CAVEAT

The reported results apply only to the materials and test conditions used in the
laboratory testing program. The results do not necessarily apply to other materials or
test conditions. The test results should not be used in engineering analysis unless the
test conditions model the anticipated field conditions. The testing was performed in
accordance with general engineering testing standards and requirements. This testing

report is submitted for the exclusive use of the client to whom it is addressed.
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1. INTRODUCTION

SGI Testing Services, LLC (8GI) conducted a laboratory testing program to
evaluate the pullout resistance of four Miragrid geogrids in two types of seils. The
sample preparation procedures and testing conditions used in the testing program
were specified by Dr. Laura Spencer, P.E. of TenCate Geosynthetics. All of the
pullout tests were conducted at SGI located in Norcross, Georgia, United States.

2. TEST MATERIALS

Two types of malerials were used in this testing program. Descriptions of these
materials are given below:

o Reinforcement Material: Miragrid 3XT, 8XT. 10XT. and 20XT geogrids; and

o Soil Material: silty sand and AASHTO #57 stone. Particle size analysis,
compaction, and direct shear testing were conducted on the two soil materials and

the test results are presented in Appendix A.

Miragrid 3XT, 8XT, 10XT, and 20XT geogrid samples were provided by TenCate
Geosynthetics. Silty sand and AASHTO #57 stone were provided by SGL

3. PULLOUT TEST EQUIPMENT

The pullout testing device used in this testing program had plan dimensions of 2
ft by 5 ft and an overall depth of 12 inch. Normal (vertical) stresses were applied to the
testing specimen by using dead weight for low normal stress tests or six hydraulic
cvlinders for high normal stress tests, and pullout (horizontal) loads were applied to the
test specimen through two hydraulic cylinders. The schematic diagrams of the pullout

testing device are shown in Figures 1 and 2.

SGI19008. REPORT.2019.06 1 2019.11.20
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4. TEST METHOD AND PROCEDURES

The pullout tests were performed in accordance with the ASTM D 6706,
“Measuring Geosynthetic Pullout Resistance in Soil". For each pullout test, the test
specimen was set up in accordance with the following procedures and tested under the
speecific conditions as described below:

o For test series #1 to 4, AASHTO #57 stone was placed in the lower half of the
pullout box and nominally compacted under dry conditions to form a 6-inch
(150-mm) thick laver. For test series #3 to 8, silty sand was placed in the lower
half of the pullout box and compacted by hand tamping to form a 6-inch (150-
mm) thick layer. The silty sand was compacted to approximately 95% of the
maximum dry unit weight at optimum moisture content (OMC),

e For each pullout test. a geogrid specimen was placed on top of the compacted
soil as shown in Figures 3 and 4. The front end of the geogrid specimen was

connected 1o the pullout loading harness;

o Two "tell-tale” wire gages were connected at selected locations. Displacements
of the geogrid specimen at these tell-tale locations were measured by using
LVDTs;

e For test series #1 to 4, AASHTO #57 stone was placed in the upper half of the
pullout box and nominally compacted under dry conditions to form a 6-inch
(150-mm) thick layer. For test series #5 to 8. silty sand was placed in the upper
half of the pullout box and compacted by hand tamping to form a 6-inch (150-
mm) thick layer. The silty sand was compacted to approximately 95% of the

maximum dry unit weight at optimum moisture content (OMC),

e A load cell was then attached to the pullout loading harness to measure the
pullout load of the test specimen at the specimen clamp. An LVDT was fixed to
the specimen clamp to measure the total pullout displacement at the specimen
clamp.

SGI19008. REPORT.2019.06 2 2019.11.20
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o A specific normal stress was then applied to the test specimen through dead
weight (steel plates) for low normal stress testing or hvdraulic cylinders for high

normal stress testing; and

e Afier application of the normal stress, the geogrid specimen was subjected to
pullout loading by displacing it at a constant displacement rate of 0.04 inch/min
(1 mm/min) as measured at the specimen clamp. The geogrid specimen was

pulled until the pullout failure occurred,

Completed pullout test setups are shown in Figures 5 and 6 (normal stress applied by
using dead weight ) and Figure 7 (normal stress applied by using hydraulic cylinders).

s. PULLOUT TEST RESULTS

Eight series of pullout tests were performed in this testing program. For each
pullout test series, the test conditions and test results are presented on a summary page
in Appendix C. The summary page includes:

» Pullout foree versus displacement figure;

o Pullout resistance versus normal stress figure; and

o Atable that summarizes test conditions, maximum pullout resistance, coefficient
of interaction (Cj), and failure mode.

The maximum pullout resistance is defined as maximum pullout load divided by the
initial width of a geogrid test specimen as follows:

P - Pmax
max W (1
where:
P = maximum pullout resistance (1bs/ft);
Fox = maximum pullout load (Ibs); and
W = initial width of the geogrid specimen (ft).
SGI19008 REPORT.2019.06 3 2019.11.20
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The coefficient of interaction (C;) was calculated using the equation as follows:

o P
" AL Yo, lang +c) @

where:

Fox = maximum pullout load;

L, = initial embedded length of the geogrid specimen;

W = imitial width of the geogrid specimen;

an = total normal stress applied to the geogrid specimen;

s = residual total-stress friction angle of soil; and

i = residual total-stress cohesion of soil.

The residual shear strength parameters (¢ and ¢) of the silty sand and AASHTO # 57
stone used in calculating direct sliding coefficients were determined from direct shear
testing. and are presented in Appendix A.

For each pullout test, the geogrid specimen was pulled until the pullout failure
or tensile failure (rupture) occurred. The geogrid specimen was considered to be in the
pullout failure mode when the tell-tale gage attached to the rear end of the geogrid
specimen displaced at least 0.5 inch (12.5 mm) at the completion of the test, and pullout
load decreased or remained constant with increasing pullout displacement.

SGI19008. REPORT.2019.06 4 2019.11.20
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6. CLOSURE

SGI appreciatez the opportunity to provide laboratory testing services to
TenCate Geosynthetice. S8hould you have any questions regarding this report, or if you
require additional information, please do not hesitate to contact the undersigned.

Sincerely,

Zehong Yuan,Ph.D., P.E.
Laboratory Manager

SGI9008. REPORT. 2019.04 3 20181120
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Figure 3. Miragrid 3XT geogrid placed on compacted silty sand.
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Figure 4. Miragrid 8XT geogrid placed on compacted AASHTO #57 stone.

SO 9008 REPORT.2N 2,06 g 2019.11.20

REDKROGK

381



APPENDIX: 1.2.7 REINFORCEMENT PULL-OUT TEST REPORT

2019 8GI Testing Services

Figure 5. A completed setup of pullout test at low normal stress (130 psf) by using dead
weight.

SO 9008 REPORT.2N 2,06 2 2019.11.20

REDKROCK 382




APPENDIX: 1.2.7 REINFORCEMENT PULL-OUT TEST REPORT

12019 8GI Testing Services

Figure 6. A completed setup of pullout test at low normal stress (250 psf) by using dead
weight.
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Figure 7. A completed setup of pullout test at high normal stress by using six hydraulic
cylinders.

SGI19006. REPORT.2019.06 11 2019.11.20
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Figure 8. Abrasion and rupture of 10XT geogrid ribs at the completion of pullout test # 3C
at 1200 psf.

SGI19006. REPORT.2019.06 1z 2019.11.20
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Figure 9. Abrasion damage to 20XT geogrid MD and CMD nibs and junction falure (i.e.,
tupture of CMD ribs) at the completion of pullout test # 4C at 1250 pst.
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SGITESTING SERVICES, LLC
DIRECT SHEAR TESTING (ASTNM D 3080)
AMASHTO No. 57 aggregate nominally compacted under dry condition
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APPENDIX B

SUMMARY OF
PULLOUT TEST RESULTS

REDKROCK 393




APPENDIX: 1.2.7 REINFORCEMENT PULL-OUT TEST REPORT

TENCATE GEOSYNTHETICS
GEOSYNTHETIC PULLOUT TESTING (ASTM D 6706
TEST SERIES N 1! Miragnid 3XT geogrid iLot # 20190331-3-2) in MD within AASHTO #3537 stone  nondnally compacted
under dry conditions
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TENCATE GEOSYNTHETICS
GEOSYNTHETIC PULLOUT TESTING (ASTM D 6706
TEST SERIES N, 20 Miragrid 8XT geogrid dLot # 20190808-1-2) in MD within AASHTO #3537 stone  nondnally compacted
under dry conditions
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DATE REPORTEL 1OFEE/ 2005
" \ FICHRE MO 2
PROJECT INO, SU11 9008
TESTING SERVICES,
\ ) sGi L DOCUMENT NO.
FILE MNO.

P1500E-01F. pullautxle

REDKROCK 395




APPENDIX: 1.2.7 REINFORCEMENT PULL-OUT TEST REPORT

TENCATE GEOSYNTHETICS
GEOSYNTHETIC PULLOUT TESTING (ASTM D 6706
TEST SERIES N 3 Miragid 10X T geogdd (Lot # 20190429-2-1) in MD within AASHTO #37 stone  nominally compacted
under dry conditions
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TENCATE GEOSYNTHETICS
GEOSYNTHETIC PULLOUT TESTING (ASTM D 6706
TEST SERIES N 4 Miragrid 208 T geogdd (Lot # 201 90220-1-2) in MD within AASHTO #3537 stone  nominally compacted
under dry conditions
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TENCATE GEOSYNTHETICS
GEOSYNTHETIC PULLOUT TESTING (ASTM D 6706

TEST SERIES NO, 8 Mirngrid 3XT geogrid (Lot # 2019033 1-3-Z) i1 MD within silty sand compacted to spproximately 93% of mx standard Prostor density
A OME +/n 296 ( e = 98 pef, OMC = 2096)
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TENCATE GEOSYNTHETICS
GEOSYNTHETIC PULLOUT TESTING (ASTM D 6706}
TEST SERIES NO. 6 Mirnarid SXT geoarid (Lot # Z0190508-1-2) in MD within silty sand compacted to spproximately 95% of max standard Proctor density
AL OME +i= 296 e = 95 pef, OMC = 2096)
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TENCATE GEOSYNTHETICS
GEOSYNTHETIC PULLOUT TESTING (ASTM D 6706}
TEST SERIES NO. 7 Mirnarid 10T aeogrid (Lot # 20190420-2-1} in MD within silty sand compacted to approximately $3% of max standard Proctor density
A OME +i= 296 frupe = 95 pef, OMC = 2096)
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TENCATE GEOSYNTHETICS
GEOSYNTHETIC PULLOUT TESTING (ASTM D 6706}
TEST SERIES NO. § Mirnarid 20T aeogrid (Lot # 20190220-1-2) in MD within silty sand compacted to approximately $3% of max standard Proctor desity
A OME +i= 296 frupe = 95 pef, OMC = 2096)
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CAVEAT

The reported results apply only to the materials and test conditions used in the
laboratory testing program. The results do not necessarily apply to other materials or
test conditions. The test results should not be used in engineering analysis unless the
test conditions model the anticipated field conditions. The testing was performed in
accordance with general engineering testing standards and requirements. This testing

report is submitted for the exclusive use of the client to whom it is addressed.
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©2019 5GI Testing Services
1. INTRODUCTION

SGI Testing Services, LLC (8GI) conducted a laboratory testing program to
evaluate the shear strength of interfaces between four Miragrid geogrids and two
types of soils. The sample preparation procedures and testing conditions used in the
testing program were specified by Dr. Laura Spencer, P.E. of TenCate Geosynthetics.
All of the interface direct shear tests were conducted at SGI located in Norcross,
Georgia, United States.

2. TEST MATERIALS

Two types of materials were used in this testing program. Descriptions of these
materials are given below:

o Reinforcement Material: Miragrid 3XT, 8XT, 10XT, and 20XT geogrids: and

o Soil Material: silty sand and AASHTO #57 stone. Particle size analysis,
compaction, and direct shear testing were conducted on the two soil materials and

the test results are presented in Appendix A.

Miragrid 3XT, 8XT, 10XT, and 20XT geogrid samples were provided by TenCate
Geosynthetics.  Silty sand and AASHTO #57 stone were provided by SGIL.

3. INTERFACE DIRECT SHEAR TEST EQUIPMENT

The interface direct testing device used in this testing consisted of an upper and
lower shear box, The upper shear box measured 300 mm by 300 mm (12 in. by 12 in.) in
plan and 75 mm (3 in.) in depth. The lower shear box measured 300 mm by 350 mm (12
in. by 14 in.) in plan and 75 mm (3 in.) in depth. Normal (vertical) stresses were applied
to the testing specimen by using dead weight for low normal stress tests or an air
bladder system for high normal stress tests, and shear loads were applied to the test
specimen through an antomatically-controlled motor system.

SGI19008. REPORT.2019.07 1 2019.11.20
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©2019 5GI Testing Services
4. TEST METHOD AND PROCEDURES

The interface direct shear tests were performed in accordance with the ASTM
Standard Test Method D 5321, “Determining the Coefficient of Soil and Geosynthetic
or Geosyathetic and Geosynthetic Friction by the Direct Shear Method”. TFor cach
interface direct shear test, the test specimen was set up in accordance with the following
procedures and tested under the specific conditions as described below:

e For test series #1 to 4, silty sand was compacted into the lower shear box by
hand tamping to approximately 95% of maximum standard Proctor dry unit
weight at optimum moisture content. For test series #5 to 8 AASHTO #57

stone was nominally compacted in the lower shear box under dry conditions;

o A peogrid specimen was trimmed from the as-received geogrid sample and
placed on the compacted soil and attached to the lower shear box. The geogrid
specimen was oriented so that the direction of shearing was parallel to the

machine direction of the geogrid specimen;

e Tor test series #1 to 4, silty sand was then placed on top of the geogrid into the
upper shear box, and compacted by hand tamping to approximately 95% of
maximum standard Proctor dry unit weight at optimum moisture content. For
test series #5 to 8, AASHTO #37 stone was nominally compacted in the upper
shear box under drv conditions;

o A specific normal stress was applied to the test specimen by using dead weight
for low normal stress tests (500 psf), or through an air bladder system for high
normal stress tests: and

o Afier the application of the normal stress, the test specimen was sheared at a
constant shear displacement rate of 1 mm/muin. (0.04 mn/min.). Shearing was
continued until a minimum total shear displacement of 64 mm (2.5 in.) was

achieved.

SGI19008. REPORT.2019.07 2 2019.11.20
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©2019 5GI Testing Services
5. INTERFACE DIRECT SHEAR TEST RESULTS

Eight series of interface direct shear tests were performed in this testing
program. For each test series, the test results are presented in a summary page in
Appendix B. The summary page includes:

o Shear force versus displacement figure:

e Shear strength versus normal stress figure; and

e A table that summarizes test conditions, peak and residual shear strengths, and
direct sliding coeflicients at peak and residual shear strengths.

The coefficient of direct sliding (Cpg) was calculated using the equation as follows:

% T
- o, tang +¢
where:
Ti = peak or residual interface shear strength at en;
Gn = total normal stress applied to the test interface;
= peak or residual total-stress friction angle of soil; and
¢ = peak or residual total-stress cohesion of soil.

The shear strength parameters (¢ and c) of the silty sand and AASHTO # 57 stone used
in calculating direct sliding coefficients were determined from direct shear testing, and

are presented in Appendix A.

SGI19008. REPORT.2019.07 3 2019.11.20
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6. CLOSURE

SGI appreciatez the opportunity to provide laboratory testing services to
TenCate Geosynthetice. S8hould you have any questions regarding this report, or if you
require additional information, please do not hesitate to contact the undersigned.

Sincerely,

Zehong Yuan,Ph.D., P.E.
Laboratory Manager
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Figure 1. 10XT geogrid placed on top of compacted silty sand.
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Figure 2. Silty sand placed in the upper shear box on 10XT geogrid.
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Figure 3. Silty sand/Miragrid 10XT geogrid contact surface at the compaction of a
shear test with geogrid "bonded” to silty sand and "geogrid prints” on silty sand.
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SGI TESTING SERVICES, LLC
DIRECT SHEAR TESTING (ASTM D 3080)
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SGITESTING SERVICES, LLC
DIRECT SHEAR TESTING (ASTNM D 3080)
AMASHTO No. 57 aggregate nominally compacted under dry condition
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APPENDIX: 1.2.8 SOIL-GEOSYNTHETIC INTERFACE SHEAR TEST REPORT

TENCATE GEQSYNTHETICS
INTERFACE DIRECT SHEAR TESTING (ASTM D 5321)
Upper Shear Box: Silty sand compacted to approximately 95%¢ of max standard Proctor density at oplimuem moisture content againat
Miragrid 33T geogrid in MD { Lot # 20090331-3-2_ direction of shearing parallel to M) spainst
Lower Shear Box: Silty sand compacted to approzimately 95% of max standard  Proctor density at optimum moisture content
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HNo. Box Size]  Sress Ente Stress | Time | Stress | Time Ta oy g d tp [ % € ™ L4 Drirect Slidng
fnxin) | (psh) niming | (pef) | by | Gped) | (et | pen) | o o) (cheg) ipfy | qdepy | ipsh | ip=f ip=h) Cpp Cop
1A 12 % 12 300 004 3 = 300 24 29 203 - 332 090 090
1B 12 x 12 1000 04 = z 1000 4 95 155 - 32 195 30 o 5 625 092 0.95
1< 12 x 12 2000 004 - - 2000 24 916 193 - 1311 1155 091 .94

NOTE:

{1y Sliding e, shear Taihue) ocomred st the soil-geopsid interface in eacl test

{20 The tegorted total- ot ess pesamete s of fii ction angle and adhesion wers determined fion s best-fit line doawn theough the test data Cantion shoold be e dzed in using theze srangty
parsmeters for applicoti ons imvelving nomnal stresses outade the range of the dreses covered by the test series. The large-dspl scement (LI shear sirength wos coloulated using the shear
force meazued st the end of the test.
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APPENDIX: 1.2.8 SOIL-GEOSYNTHETIC INTERFACE SHEAR TEST REPORT

Lower Shear Box: 5i

TENCATE GEQSYNTHETICS
INTERFACE DIRECT SHEAR TESTING (ASTM D 5321)

Upper Shear Box: Silty sand compacted to approximately 95%¢ of max standard Proctor density at oplimum moisture content againat
Miragrid 8T geogrid in MD { Lot # 2001908(8- 1-X, direction of shearing parallel to M) spainst
ty sand  compected to approximately 95% of max standard  Proctor density at optimun moisture content

3500 5000
o
idog)
o —24  —IB —zc 4000 20
P
2500
5 g 0O Pesk
B Sk ﬁ, 3000 (= 8 #5]
N — e (Pesk)
g 5 L inear (LD}
g 1w B 2000
E &
1000
1000
500
o T T T T T T o T T T T
oo 0.4 0.8 1.z L& 0 2.8 o 1000 2000 3000 4000 S000
Displacement (in.) MNormal stress (psf)
Tast Shesr Normsl Shear Saaking Consolidation Soil Compacion Soil Shear Strenpth Parameters Shest Qfenglhm Coefficient of
HNo. Box Size]  Sress Ente Stress | Time | Stress | Time Ta oy g d tp [ % € ™ L4 Drirect Slidng
gnxim)| (psh) niming | (pef) | by | e | (et | pen) | o o) (cheg) ipfy | qdepy | ipsh | ip=f {p=t) Cpp Cop
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NOTE:
{1y Sliding e, shear Taihue) ocomred st the soil-geopsid interface in eacl test

force meazued st the end of the test.

{20 The tegorted total- ot ess pesamete s of fii ction angle and adhesion wers determined fion s best-fit line doawn theough the test data Cantion shoold be e dzed in using theze srangty
parameters for applicoti ons imvelving nomal streszes otz de the ramge of the sreses covered by the test series. The large-digpl scement (LI shear strength wos coloulated using the sher
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APPENDIX: 1.2.8 SOIL-GEOSYNTHETIC INTERFACE SHEAR TEST REPORT

TENCATE GEQSYNTHETICS
INTERFACE DIRECT SHEAR TESTING (ASTM D 5321)
Upper Shear Box: Silty sand compacted to approximately 95%¢ of max standard Proctor density at oplimum moisture content againat
Miragrid 10XT geagrid in MDD ( Lot # 20090420-2-1, direction of shearing parallel to MY agamst
Lower Shear Box: Silty sand compacted to approsimately 95% of max standard  Proctor density at optimum moisture content
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Test Shesr Mormsl Sheat Soakiig Consolidation ail Compaciion Soil Shear Strength Parameters Shesr Qfenglhm Coefficient of
HNo. Box Size]  Sress Ente Stress | Time | Stress | Time Ta oy g d tp [ % € ™ L4 Drirect Slidng
fnxin) | (psh) niming | (pef) | (s | ped) | (et | pen) | o o) (cheg) ipefy | qdemy | ipsh | ip=f {p=t) Cip Cop
3A 12 % 12 9400 004 3 = 200 24 930 0.1 - 665 353 0.88 .93
L] 12 x 12 1800 04 = z 1800 4 528 204 - 32 195 30 &0 1201 1079 091 0.9
el 12 x 12 3600 004 - - 3600 24 915 195 2175 1995 088 $.92
NOTE:

{1y Sliding e, shear Taihue) ocomred st the soil-geopsid interface in eacl test
{20 The tegorted total- ot ess pesamete s of fii ction angle and adhesion wers determined fion s best-fit line doawn theough the test data Cantion shoold be e dzed in using theze srangty

parameters for applicoti ons imvelving nomal streszes otz de the ramge of the sreses covered by the test series. The large-digpl scement (LI shear strength wos coloulated using the sher
force meazued st the end of the test.
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APPENDIX: 1.2.8 SOIL-GEOSYNTHETIC INTERFACE SHEAR TEST REPORT

TENCATE GEQSYNTHETICS
INTERFACE DIRECT SHEAR TESTING (ASTM D 5321)
Upper Shear Box: Silty sand compacted to approximately 95%¢ of max standard Proctor density at oplimum moisture content againat
Mirsgrid 205 geagrid in MDD ( Lot # 200190220-1-1, direction of shearing parallel to M) agamst
Lower Shear Box: Silty sand compacted to approzimately 95% of max standard  Proctor density at optimum moisture content
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Test Shesr Mormsl Sheat Soakiig Consolidation ail Compaciion Soil Shear Strength Parameters Shesr Qfenglhm Coefficient of
HNo. Box Size]  Sress Ente Stress | Time | Stress | Time Ta oy g d tp [ % € ™ L4 Drirect Slidng
gnxim)| (psh) niming | (pef) | (s | Gpef) | (et | pen) | o o) (cheg) ip) | Gdemy | gt | ips® {p=f) Cisp [«
44 12 x 12 9400 004 3 = 200 24 837 192 i &70 572 089 095
4B 12 x 12 1800 04 = z 1800 4 540 13 - 32 195 30 &0 1224 1070 0% .96
4 12 x 12 3600 004 - - 3600 24 o3 4 19.6 - 22040 2055 LR 0.95
NOTE:

{1y Sliding e, shear Taihue) ocomred st the soil-geopsid interface in eacl test
{20 The tegorted total- ot ess pesamete s of fii ction angle and adhesion wers determined fion s best-fit line doawn theough the test data Cantion shoold be e dzed in using theze srangty

parameters for applicoti ons imvelving nomal streszes otz de the ramge of the sreses covered by the test series. The large-digpl scement (LI shear strength wos coloulated using the sher
force meazued st the end of the test.
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APPENDIX:

1.2.8 SOIL-GEOSYNTHETIC INTERFACE SHEAR TEST REPORT

TENCATE GEQSYNTHETICS
INTERFACE DIRECT SHEAR TESTING (ASTM D 5321)

Upper Shear Box: AASHTO #57 stone compacted to approximately 9526 of max standard Procter denzity at optimum moisture content against
Miragrid 33T geogrid (Lot # 200100331-3-2_ direction of ehearing parallel to M) spainst
Lower Shear Box: AASHTO #37 stone compacted toapproximately 95%6 of max standard Proctor density ab optimum meisture content

{1y Sliding {i e, sheat Taihuey ocomred st the gravel- geogi d interface in esch test.

{20 The tegorted total- ot ess pesamete s of fii ction angle and adhesion wers determined fion s best-fit line doawn theough the test data Castion shoold be e dzed in using theze srangty
parsmeters for applicoti ons imvelving nomnal stresses outade the range of the dreses covered by the test series. The large-dspl scement (LI shear sirength wos coloulated using the shear
force meazued st the end of the test.
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NOTE:
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APPENDIX:

1.2.8 SOIL-GEOSYNTHETIC INTERFACE SHEAR TEST REPORT

TENCATE GEQSYNTHETICS
INTERFACE DIRECT SHEAR TESTING (ASTM D 5321)

Upper Shear Box: AASHTO #57 stone compacted to approximately 9526 of max standard Procter denzity at optimum moisture content against
Miraprid 8T geogrid (Lot # 2001 00808-1-2, direction of ehearing parallel to M) soainst
Lower Shear Box: AASHTO #37 stone compacted toapproximately 95%6 of max standard Proctor density ab optimum meisture content

{1y Sliding {i e, sheat Taihuey ocomred st the gravel- geogi d interface in esch test.

{20 The tegorted total- ot ess pesamete s of fii ction angle and adhesion wers determined fion s best-fit line doawn theough the test data Castion shoold be e dzed in using theze srangty
parsmeters for applicoti ons imvelving nomnal stresses outade the range of the dreses covered by the test series. The large-dspl scement (LI shear sirength wos coloulated using the shear
force meazued st the end of the test.
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APPENDIX:

1.2.8 SOIL-GEOSYNTHETIC INTERFACE SHEAR TEST REPORT

TENCATE GEQSYNTHETICS

INTERFACE DIRECT SHEAR TESTING (ASTM D 5321)

Upper Shear Box: AASHTO #57 stone compacted to approximately 9526 of max standard Procter denzity at optimum moisture content against
Miragrid 105 T geogrid (Lot # 20190420-2-1, direction of shearing parailel to MY against
Lower Shear Box: AASHTO #37 stone compacted toapproximately 95% of max standard Proctor density ab optimum meisture content

{1y Sliding {i e, sheat Taihuey ocomred st the gravel- geogi d interface in esch test.

{20 The tegorted total- ot ess pesamete s of fii ction angle and adhesion wers determined fion s best-fit line doawn theough the test data Castion shoold be e dzed in using theze srangty
parsmeters for applicoti ons imvelving nomnal stresses outade the range of the dreses covered by the test series. The large-dspl scement (LI shear sirength wos coloulated using the shear
force meazued st the end of the test.
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APPENDIX:

1.2.8 SOIL-GEOSYNTHETIC INTERFACE SHEAR TEST REPORT

TENCATE GEQSYNTHETICS
INTERFACE DIRECT SHEAR TESTING (ASTM D 5321)
Upper Shear Box: AASHTO #57 stone compacted to approximately 9526 of max standard Procter denzity at optimum moisture content against
Miragrid 200 geogrid (Lot # 201 90220-1-2, direction of shearing parailel to MY against
Lower Shear Box: AASHTO #37 stone compacted toapproximately 95% of max standard Proctor density ab optimum meisture content
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oo 0.4 0.8 1.2 LG 20 24 18 o 5O 1600 2400 3200 4000
Displacement (in.) MNormal stress (psf)
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{1y Sliding {i e, sheat Taihuey ocomred st the gravel- geogi d interface in esch test.
{20 The tegorted total- ot ess pesamete s of fii ction angle and adhesion wers determined fion s best-fit line doawn theough the test data Castion shoold be e dzed in using theze srangty
parameters for applicoti ons imvelving nomal streszes otz de the ramge of the sreses covered by the test series. The large-digpl scement (LI shear strength wos coloulated using the sher
force meazued st the end of the test.
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APPENDIX: 1.3.4 COPING OPTIONS

APPENDIX: 1.3.4 COPING OPTIONS

Top of Wall Step Options

Stack bricks under back corner of Cormner Garden
block to keep block supported prior to backdilling

Grade drops along back and
end of Comer Garden block

Alternate Garden Block Placement

Sawcut and remove inslde edge of
Comer Garden block and fill with topsoil

Grade drops along side of
Comer Garden block

Comer Garden block at end
of each row {Typical)

This drawing Is for reference only. Determination of the sultablity andfor manner of use of any detalis contained In this document |s the sole responsibiitty of
the design engineer of record. Final project designs, including all construction details, shall be prep by a fessional engi using the actual
conditions of the proposed site.

DRAWH BY: JRJ TITLE: &
== Top of Wall step Options | REDIROCK
ik 06-22-2015 05481 US 31 SOUTH, CHARLEVOLX, M| 49720
S, 1011 FLE 1 Top of Wall Step Oplions 062215.dwg s e e e
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APPENDIX

: 1.3.4 COPING OPTIONS

Freestanding Blocks with Cap at Top of Wall

Secure cap block to freestanding block with polyurethane sealant.
Optional shear lugs cast into cap block or rebar ties that can be
embedded in site-cast concrete (with garden block) are also avallable.

Setback = 0" {0 mm} on Freaestanding blocks

Sathack = 2 74" (73 mm) whan 10" (254 mm) knob usad
Setback = 1 %" (41 mm) when 7 %" {180 mm) knob used

Setback = 1 %" (41 mm) when 10" (254 mm) knob used

(Optional) Freestanding blocks can be secured
fo retaining blocks with J-Bolt connection

Back View

Freestanding blocks used where block is exposed and

textured surfaca is requirad on both sides of wall
\\ /

One-component, highly flexible, non-priming, gun grade, high performance elastomeric polyurethane sealant shall have movement
of plus or minus 25% per ASTM C719, tensile strength greater than 200 psi (1.4 MPa) per ASTM D412, and adhesion to peel on
concreta greater than 20 PLI per ASTM C784. Apply sealant in one and one half-inch (1.5") (38 mm) diameter round “hersay kiss"
shaped dollops located in two rows at the top of the Freestanding blocks at 8% (203 mm) on center.

This drawing Is for referanca only. Determination of the sultablity andfor manner of use of any detalis contained In this document |s the sole responsibiity of
the design engineer of record. Final project designs, including all construction details, shall be prepared by & licensed professional engineer using the actual
conditions of the proposed site.

JRJ

T e | cwaTwoival | BEDIROCK

05481 US 31 SOUTH, CHARLEVOD(, M| 49720

101 =3 Freestanding Blocks with Cap al Top of Wall 062215.dwg | & s amm o
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APPENDIX: 1.3.4 COPING OPTIONS
CAST-IN-PLACE COPING

NON-WOVEN GEOTEXTILE OR

GEOMEMBRANE BARRIER

BETWEEN CAST-IN-PLACE CAST IN PLACE COPING REINFORCEMENT

COPING AND TOP OF WALL (DESIGN BY OTHERS) (DESIGN TO PROJECT

(TYP.) REQUIREMENTS)

5" (TYP)
!
HEIGHT VARIES ALONG WALL
14" (MIN) TO 32" (MAX)
SECTION A-A SECTION B-B
(JUST BEFORE STEP DOWN (JUST AFTER STEF DOWN
ON TOP OF WALL) ON TOP OF WALL)
SEG‘I‘!ONgFVgEI«:G
A B EXPANSION JOINT
" MATERIAL BETWEEN
COPING SECTIONS
ELEVATION VIEW

DRAWN BY: JRJ TITLE:
il Cast-In-Place Wall Coping BE"M"”K
P mﬂ; 05481 US 31 SDUTH CHARI.E\:'DIX Mlm
TR 10f1 FL% 11 Cast-In-Place Wall Coping 062215.dwg bl poor
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APPENDIX: 1.3.5 TRAFFIC BARRIERS

APPENDIX: 1.3.5 TRAFFIC BARRIERS

Cast-in-Place Moment Slab Traffic Barrier - Flat Grade Installation

Cast-in-place traffic barrier
{Texas T551 railing shown)

FINAL DESIGN MUST

Steel ties per traffic barier design

#4 (13) bars at 6 (152 mm) O.C. minimum ADDHESS SITE DRAINAGE
Cast-in-place moment slab

300" (9.1 m) Sections
#5 (#16) bars at 8" (203 mm) O.C., top and bottomn

i . \%\\ f 80" Minimum / r :E: — ‘pmmj

R (O i

(533 mm)
AASHTO No. 57 stone
3
— [ Transversa reinforcement #4. (#13) bars at
] 11.5" (292 mm) O.C., top and bottom
Dowels at contraction and expansion joints
fal
"\ 1" (25 mm) Expandead golystyrana foam
\ {Low density, 0.75 Ib/ft® 0.12 kN/m®)
Expansion joints shall be provided in moment slab every Caontraction joints shall be provided in moment slab avery
90'-0" (27.4 m). Expansion joint shall be dot standard 300" (9.1 m) between expansion joints. Contraction joint shall
detail. Typical features shown for reference. be dot standard detall, Typical features shown for reference.
Formed joint with low Sawed joint with hol-poured,
modulus, hot-poured, rubber-asphalt sealent
rubber-asphalt joint
sealing compound Provide greass or sleava
~ E T S bond breaker on one side
1% (38 mm) dia. x 18" (457 mm) . 7
EXPANSION JOINT  A36 galvanized or epoxy coated ~ CONTRAGTION JOINT L%B(ﬁh""m‘ "";;:mf;w )
smoath dowel bar centered smooth dowel bar centered
verlically in slab at 12 (305 mm) vertically in slab at 12* (305 mm)
O.C. along expansion joint 0.C. along expansion joint

Materials
Concrste for cast-in-place barrier and moment slab shall be dot standard structure mix. Minimum 28 day compressive strength
shall be 4,000 psi (27.8 mpa) or higher as specified. Reinforcing steel shall conform to ASTM A706 or AASHTO M31 Grade 60

(420 MPa).

Design

Moment slab shown is dimensioned based on an equhralent static hnad of 10,000 Ibs (44.5 kN) per NCHRP Report 663. Moment
slab reinforcement shown s based on AASHTO LRFD cifications, 5th edition, 2010, TL-4 loading detalled in
Table A13.2.1.

The selection and use of this detal, while designed in accordance with generally accepted enginearing principles and practices,
is the sole responsibility of the registered professicnal engineer in charge of the project.
This drawing Is for reference only. Determination of the wmlhmmwdmdawmh contained In this document Is the sole responsibility of

the design engineer of recond. Final projact desig g all details, shall be bya angineer using the actual
conditions of the proposed site. i

S "™ Cast-In-Place M t Slab
| e Moo | REDHROCK

e 1071 FLE g Cast-In-Place Moment Slab Traffic Barrier - Flal 062215.dwg giieiol o
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APPENDIX:

1.3.5 TRAFFIC BARRIERS

Cast-in-Place Moment Slab Traffic Barrier - Sloping Installation

Cast-in-place traffic bamier
(Texas T551 railing shown)

Steel ties per traffic barier design
#4 (#13) bars at 6° (152 mm} O.C. minimum

FINAL DESIGN MUST
ADDRESS SITE DRAINAGE

Cast-in-place moment slab
300" (8.1 m) Seclions
#5 (#16) bars at 8" (203 mm) O.C., top and bottom

I 8'-0" Minimum § |
| 2" (51 mmy) ‘
d cover Pavement
i Y ! - - . - . i
i : oa’mm&m o f O. o m‘(mmm)
g # a a “ ol “minimum
210" AASHTO No. 57 stone
(864 mm) B

T i Transverse reinforcement #4 (#13) bars at
I ‘I ) 11.5" (292 mm) O.C., top and bottom
— o Dowels at confraction and expansion joints
78]
\""\ 1" (25 mm) Expanded polystyrene foam
\ {Low density, 0.75 Ib/ft® 0.12 kN/m®)

Expansion joints shall ba providad in moment siab every
90'-0" (27.4 m). Expansion joint shall be dot standard
detail. Typical features shown for reference.

Contraction joints shall be provided in moment siab every
300" (9.1 m) between expansion joints. Gontraction joint shall
be dot standard detail. Typical features shown for reference.

___—— Formed joint with low Sawed joint with hot-poured,
modulus, hot-poured, ruhbar-imah sealent
rubber-asphalt joint

= ~ = _ sealing compound z - 3 = Provide grease or sleeve
p i bond breaker on one side
1%" (38 mm) dia. x 18" (457 mm " 9
EXPANSION JONT M40 gavanbed o opy cmied  CONTRACTION JOINT  JEg(88,mm) i x 18 457 )
smooth dowel bar centered smooth dowel bar centered
vertically in slab at 12* (305 mm) vertically in slab at 12" (305 mm)

Materials " M
Concrete for cast-in-place barrier and moment slab shall be det standard structure mix. Minimum 28 day compressive strength
shall be 4,000 psi (27.8 mpa) or higher as specified. Cast-In-Place level up concrate shall be manufactured in accordance with
ASTM C94. Minimum 28 day compressive strength shall be 3,500 psi (24.1 MPa) or higher as specified. Reinforcing steel shall
conform to ASTM A708 or AASHTO M31 Grade 60 (420 MPa).

Design

Moment slab shown Is dimensicned based on an equivalent static load of 10,000 Ibs (44.5 kN) per NCHRP Report 663. Moment
slab reinforcement shown is based on AASHTO LRFD Bri i cificalions, 5th edition, 2010, TL-4 loading detalled in
Table A13.2.1.

The selection and use of this detail, while designed in accordance with generally accepted engi
is the sole responsibility of the registerad professional engineer in charge of the project.
mhmmlsfwmﬁmnwmm Determination of the sultablity andfor manner of use of any detalls contained In this document Is the sole responsiblity of

design engineer of record. Final project designs, including all construclion details, shall be prepared by a licensed professional engineer using the aclual
conditions of the proposed site.

ng pr e

DRAWN BY: TITLE:

o Cast-In-Place Moment Siab | DML DML
TR 06-22-2015 Trafﬁc Barner - Sloping Grade 05481 US 31 SOUTH, CHARLEVOIX, M| 49720
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APPENDIX:

APPEN

1.3.6 SLIP JOINTS

DIX: 1.3.6 SLIP JOINTS

Pipes Installed Perpendicular Through Wall

Control joint (if needed)

Remova only the minimum
number of blocks required to
fit pipe through wall

Concrete collar
(Cast-in-place around pipe)

I i LAY, (R

1 "-— - i ] & ]
Pipe protruding through wall / \
(48" (1.22 m) diameter
Leveling pad or lower courses

concrete pipe shown) st kst

Use adequate measures fo
address scour, runoff, and
othar issues at base of wall

Plan View

Concrets collar

Non-woven geotextile fabric
{Cast-in-place around pipe)

(AASHTO M288 Survivabllity Class 1)
360° around pipe and behind collar

Pipe protruding through wall — N

(48" (1.22 m) diameter
cencrete pipe shown)
Use adequate measures to
address scour, runoff, and \
other issues at base of wall H
1] p—|
Section View

This drawing Is for reference only. Determination of the sultabliity andfor manner of use of any detalls contalned In this document |s the sole responsiblitty of
the design engineer of recond. Final preject designs, including all construction details, shall be prepared by & licensed professional engineer using the actual
conditions of the proposed site.

a— " Pipes In_sr’ﬁ:-l‘ljc-ildg ﬁxﬁndicular BE"M”GK

06-22-2015 05481 US 21 SOUTH, CHARLEVOLX, M| 49720

10f1 =4 Pipe Installed Perpendicular Through Wall 062215.dwg | 0 s i o
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APPENDIX: 2.1.3 OBSTRUCTIONS

APPENDIX: 2.1.3 OBSTRUCTIONS

Manhole or Large Obstruction in Reinforced Soil Zone

Threaded rod cast into
biock (Typical)

SBtructural beam (2 steel
channels shown)

Hooked rod with threaded
end cast inie block (Typical)

Block Detail

Structural beam

Steel structural elements o Threaded rod
be sized and galvanized per (Typical)
engineer for 8 c
ria“:uir!!rl'le!rlll:."aj.‘.:t a Manhole or other

large obstruction

Structural tube or pipa (Typical}

Top View

This drawing |s for reference only. Delermination of the sultabliity and/or manner of usa of any detalls contalined In this ¢ Ia the 2o ity of
the design engineest of ecord. Final projeat all detalls, ahall ba bya i using the actual
canditions of the propossd sits.

=2 "mairoee FEDRRUCK

05481 US 21 SOUTH, CHARLEVOLX, M| 45720
B 1011 FLE 5 Manhola In Relnforoed Soll Zone 062215.dwg e Dk el i
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APPENDIX: 2.1.3 OBSTRUCTIONS

Light Pole Base or Concrete Pile in Reinforced Soil Zone

Light pole basa or concrata plle
Maximum diameter = 32" (.61 m)
Spacing = 46 %" (1.17 m) centers

Geogrid strips installed every other row of blocks
(25% covaraga ratio)

3D View from Back

Thie drawing |8 for raference only. Determmination of the sultabllity andor manner of use of any detalis contained In this document s the sole respansibility of
m{;ﬂﬁew of mal."F nal project designe, including all construction detalls, shell be prepsared by a licensed professional sngineer uaing the al
ng of the proposed

05481 US 21 SOUTH, CHARLEVOILX, M| 49720

ST eeiormerer | REDRROCK

08222015
1of1 FLE: 4 Vortical Conerate Pl In Rainforcad Soll Zona 0B2215.8W0 | T s ok o
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APPENDIX: 2.1.3 OBSTRUCTIONS

Utilities in the Reinforced Soil Zone

— Keop sufficient separation to meet max geogrid slope and clearance requirements

Lﬁ". { Maintain 3" (76 mm) minimum
J— B between geogrid and pipe
& - v
| o 4H Wrap pipa joints with non-wovan gaotaxtils fabric
' n] ( '4":'_'“”“‘) (AASHTO M288 Survivability Class 2)
] (Minimum) 48" (1.22 m} wide minimum centered on joint
el v
i Hy Storm drain or sanitary sewer pipe
[ v installed paraliel to wall
ﬂ _
\— AASHTO No. 57 stone (or equivalent)
8" {152 mm) minimum around pipe
Install geogrid strips above and below pipe
Storm or Sanitary Sewer Pipe
— Keap sufficient separation to meet max geogrid slope and clearance requirements
7t
\{E\. Maintain 3" (76 mm) minimum
| = between geogrid and pipe
i - J1v (K:[
i ) {Minimum} "Dry" Utilities installed parallel to wall
T
— } ] Install geogrid strips above and below pipe

"Dry" Utilities (Electric, Gas, Telecommunications)

Redi-Rock International follows the recommendations of FHWA GEC 011 and
discourages placing pipes or other horizontal obstructions behind the wall in
the reinforced soil zone. Placing pipes in this zone could lead to maintenance
problams and potential wall failure.

This drawing Is for referanca only. Determination of the sultablity andfor manner of use of any detalis contained In this document |s the sole responsibiity of
the design engineer of record. Final project designs, including all construction details, shall be prepared by & licensed professional engineer using the actual

conditions of the proposed site.
DRAWH BY: JRJ TITLE: L ]
REFDVEDET: IR Utilities in Reinforced Soil Zone BE"M”CK
ohE: 06-22.2015 05481 US 31 SOUTH, CHARLEVOLX, M| 49720
= 1071 =3 Utilties in Reinforced Soil Zone 082215.dwg T
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

IDEA PROGRAM PME GRAVITY WALL SYSTEM SUBMITTAL SECTION 2.2

ERS DESIGN EXAMPLE
PROBLEM 1

h==12 ft
Momni=1
=514 deg
f:=0 deg

REDKROGK

=0 b i

LIVE LOAD SURCHARGE
0, =250 2
ft

EOUNDATION SOTL INFILLA PVELING PAD SOTL

- I g b
=30 deg #57= 40 deg
&= 20 deg 5= 26.67 deg
-

=
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

i) TH Y. F ! HTO BRI | AN

DESIGN CONDITION: STRENGTH |

LOAD FACTORS RESISTAMCE FACTORS

Ver mon=0.9 Harizantal Earth Pressure - =09 Sliding (Block on LP and LP
T Active an foundation sail )

Fer,mer = 1.3

Vew mini= 1.0 Vertical Earth Pressure Owverturning: LUse B0% of block infill weight,

Vew maei=1.35

Vig=1.78 Live Load Surcharge

EXTERNAL STABILITY

FINDING THE WEIGHT OF THE WALL

* The weight of the wall and the location of the center of gravity is based on the average infilled unit weight
for each block size.

* Although this wall will requira the construction of a leveling pad from a crushed aggregate, it will not be
included as parf of the stability analysis. IUs properties in lerms of weight and intemal angla of friction will
not be used in the resistance companents for sliding and overlurning,

s The back of the wall is defined starting a the back of the first block and then drawing a line from the top
back of this block to the top back of the last {top) block. This allows for some soil wedges that sit on top
of the retained structure to be included in the waight calculations.

RICCE BIOCK HEIGHT WINTH ARFA" INFUMNIT 'uPl'FIﬁH'I'h WEIGHT COGx LG

NAME Mo () () {Rey) ip=f) {1/ i) ]

R-28T & 1.5 2,312 3.5 110 55 2100 11.25

R-418 5 I.5 235 5063 FX3-RA vk o) 2475 q.75

R-4181 4 1.3 337 5083 12380 G741 2.342 L]

H-41584 1 L5 2375 5.063 139 86 EX7.041 2,00 8.5
F-7236HC 2 3 fi 18 18377 2785 3,200 4.5
R-9h3AHC 1 3 B 24 1124 AT 4 %504 1.5

Lum FA6_28q

a. Cross sactional area of the infilled block. It dossn't

|SOILWEDGE AREA® WEIGHT ©£OGx  COG: consider soil wedges located above the top block.
H:' ‘z;;] ;:‘;:; 1[_::_33 II? b. Infilled unit wmgh? is a waighted average r:-I' the _
1 045 4TET2 441 9813 GD.-.IC;TIE .;:Id :hIIIE In.I'III Egﬁlragﬂte‘E F::EEWUE it
weights. The following values are used:
e e e Concrate: 143 PCF and Infill Aggregate 100 PCF.
i e | i e T Infill is considered to be the material in the
[ : : : - rid slot-core and the sides of the blocks.
Sum £86.453 geog
c. Weight based on the infill unit weight per unit
For Cwerturning Calculations length of wall.
BLOCK. 0% INFUNITWEIGHT  WEIGHT |
MAME {pcf) [ibyfE) d. For avartuming calculations the block's infill-
R-28T 10%.16 TR0 aggragate unit weight is taken to be 80% of
R-a1nd 12708 £18.09 100 PCF.
R-11M 122.08 61303
Lo M E1E Mate: COG valuas are measured from the front
H-Taae 2.1t 18308 bottom of tha first block. An example calculation is
| B-S636HC 100466 21584 | presented in the fqliwl.ring pages.
urn S 050
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

EXAMPLE CALCULATIONS

Example calculation to determine the weight of the block per unit length of the blockiwall

* The sample calculations are for the R-41M block.

Finding concrete to soil material ratios wsing volumes
&
Pregrue = 1.50 Block height =
Wigyyi=3.375 ft Block width - Frant to back
Tpgppai= 3844 fit Block front face length i

gl 1158

Vi = Ngern® Waasne* lragg = 1946 ft' II N, o TR

Voerota = 15,65 ft' Average value from in-house volume tests, . I|

Vit waoges ™= 1.724 fi'  Wedges shown in gray,

Ci= M =0.804
Vlﬂfﬂ.'

V.
§ o OLWRIRS ) DRBE
Tatai

Finding the average unit weight of the block assuming 143 PCF for concrete and 100 PCF for the infill
aggregate for the soil wedges.

Ity Ib I
Vean = C~143—,]+($~1UD—-]=123-35—
1) [ it ﬂs ﬁ"’

Finding the weaight per unit length of the wall

Apsine=Pren-Waane=5.063 f  Cross sectional area of the block,

Ly gapyr=1H Unit length of the blockiwall, [ —

Wy = Vs Anames Ly o= 627,042 10 e Hh -

Example calculation/notes to detarmine tha canter af gravity

The Center of Gravity ({COG) for aach block I calculated as a wekghted average using the gesmaltric
COG and the weight for each material assuming an infilled block, The geometric canters are calculated
using 30 medels of the block in AutaCAD,

REDKROCK 437




APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

COG, pitit cancreee = 1.708 ft Cﬂﬁx_m,"_mmz 1.125 ft

Wit matut concrets == 2240 1b Wi marne mewi=173 1

CDG T (CDGI_ Rdf'.l'__l:ﬂﬂl’_l‘ﬂfﬂ" ww_ﬂdf”__tﬂnﬂ'ﬁ'ﬁ:l + I:CDGI_RdfM_m’ﬂ.l'. w?ﬁfﬁ:_ﬁ"'l”_.ﬂm‘:l s 1 655 n
RTINS =1,
; Wriia maiad sansreie + Whst Raet iniw

The COG for each soil wedge is the geometric COG determined using AutoCAD.

Once the COG values are determined for each bock and soil wadge, the COG for the wall is calculated
as a weighted average of these values, For further reference, please see the genaral equation below,

iCDGMxt_ e mrghtnw_i_n}' + E{Coslwﬂgn_ in" H‘rﬁ'lighfw_ r_n}I

COG, =
- Weight,.,

Using the tables and the general equation shown in the previous pages to find the
total weight of the wall and it's canter of gravity.

Wipess 7= 7016.384 % Wiaages = 886.453 %
Ib

Woar = Whiochs + Wsages = T902.837

COG, =3.452 #

COG,=4.931 ft
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

FINDING THE FORCES ACTING OM THE WaALL: ACTIVE EARTH PRESSURE

* For the analyzis of this example a linear back of wall is approximated in accordance with what AASHTO
shows for prefabricated modular walls with iregular surfaces. (AASHTO Figure 3.11.5.8-2)

* Aclive aarth pressure calculations are carried out using Coulomb's methods as shown in AASHTO
Section 3,11.5.3

FINDING Ka
f=o
8:=68534 deg
| o
K i (6-+4) _ = 0.481
H : sin (g + &)« sin {¢.—
(Ei'l'l {'H]' = l:sin {B_ﬁr]}] 1+ T {¢ r} : {'?r ﬂ}
gin (8- 6,) - sin (8 + f)
8=z
EINDING THE ACTIVE EARTH PRESSURE RESULTANT.
ga=h-y,=1620 £ u,-.;.,}q,,
" _“ W
O, =0, K, =T46.096 1;
ft
o= h b
E, = g =447B.575 53 E
Z.,=[1]-h=a#
S Y Ea
Xeo:=8 ft— (tan (90° — 8)) - (Zc,) =6.427 ft ‘ V
Honmzontal and Vertical Components av=yh O~ Ovka
P i ]
i 20pat -

E .= E, - c08 (5, + 90 deg — 6} = 3054 959 ";

E,,=E,-sin {8, +90 deg— 6) =3272.148 12 "’
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

FINDIMNG THE FORCES ACTING ON THE WaLL: LIVE LOAD SURCHARGE

FINDIMNG THE LIVE LOAD SURCHARGE RESULTANT.

uLL:;qLL-K,,:ﬁﬁ.ma:—;

b
LE=g, -h=1381659 —
L ft oy =250psf

1
Zygi= [—2-] h=6ft

Xi:=8 ft— (tan (90" —8)) - (Z,) =5.641 fi

Horizontal and Vertical Components

LS,:= L5 cos (5,+90 deg - §) =542.889 ‘%’

LS, =LS sin (5,+90 deg— &) = 1000.922 j:
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

CHECHKING FOR SLIDING

+ For the analysis of this example the load faclors used will be the maximum values from the range
provided in AASHTO for loading forces and minimum values (i applicable) for resisting forcas.

* Although this wall will requira the construction of a leveling pad from a crushed aggregata, it will not be
included as part of the stability analysis. It's properties in terms of weight and intermal angle of friction will
not be wsed in the resistance components for sliding and overiurning,

Driving fiorces:

b
Fy= I:"‘"EH_mr' -nh} + {ns. LSI‘P:I =6232.494 F

Resisling lorcas:
* The reduction coefficient of friction is a welghted average of the two different materals used at the

sliding surface. Precast concrata composes 22% of the sliding surface while aggregate core infill
compases T8%.

Hean saee=0.80 Reduction coefficient of friction for precast concrete on foundaticn soil

Mgy so0°= 1.0 Reduction coefficient of friction for aggregate caore infill on foundation soil

Mg = 0,956

b
A=y I:{VEI."_mw‘ Wm\'} F {FEH max Ewl] + (*’LS‘ LE\-’}:‘ +lan |:¢'."]| * Hywwighted = 7241863 F

Sliding Capacity Demand Ratic (COR):

R
CDR_“::Fr:LWE 0K
d

CHEEING FOR OVERTLIRMIMNG

+ For avertuming calculations a maximum of 80 percent soil infill weight inside the blocks will be used in
the resisting forces consistent with AASHTO's guidelines in Section 11.11.4.4, AASHTO doesn't have a
resistance facter for overtumning so we use 1.0

Driving momants:
My== ({Vers mas * Ean} * Zea} + (Vi - LS} - Zy 5} = 28230.087 I

Resisting moments:

Watets mcns’=495.05 5

Woai maucar = Whissis_reccea + Wuﬁge:=?331-5n3' {:_

M= 1.0« ({{Vew min* Wost_redhiceat) * COGy) + ({¥en mas* Eur) * Xga) + ((¥i5° LS.} - Xy 5)) = 66995.654 Ib
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

Overlurning Capacity Demand Ratio (COR):

M
COR gy = H’ =237 QK

a

INTERMNAL STABILITY

» Checking intermal stability about tha bottorm of Block 2.

FINDING THE WEIGHT OF THE WALL

MOCK  DUXK  WOGHT  WIDTH  ANCA" N UNITWOKGITY WO C0Gx €oGE |
HAME He. {tt] L2 ] i1 et LT {rt] (M)
R-FAT [ 1.5 2513 1.5 Hi AR5 1R 35
R-41M 5 L5 3373 e o= 13338 AIT.01 23: BT
F-4IM 4 L3 3.37% E0G3 1:3.36 BaT.0a1 204 5325
R 4L 3 L3 3.373 U063 123.36 LET.031 1.95% .75
F-T23HC ! 3 & 13 113.77 204780 3 13
Sum 4312088
wnrxfnec ';;Ez' "'::?:;r Eﬁg“ Df:;’ 3. Cross sectional area of the infilled block. It doesn't
a ri - iy : consider soil wedges located above the top block.
X P | R 1A | S b, Infilled unit weight is a weighted average of tha
d SR R e e concrete and the infill aggregate’s respective unit
1 2971 571 443 3.3 . s
= = weights. The following values are used:
Concrete: 143 PCF and Infill Aggregate: 100 PCF.
Infill iz consldered o be the materal in the
ELOCK 200 INF UNIT WEISHT WEIGHT gaogrd slot-core and the sides of tha blocks.
HAME 1=ty 1Ib\.f1'|:|
- Ll 105t <. Weight based on the infill unit weight per unit
fAie 1m.08 i langth of wall.
F-&1F 130 5 B2 e
wlii LB el d. For overturning calculations the biock's infill-
S R i aggregate unit weight is taken to be 80% of
100 PCF.
Mote: COG values are measured from the front
battom of the first block.
Wipess o= 4313.084 12 Wiipon_nr'=552.5 12
2 fi - ft
_ _ ib
Woan inr™= Whiaoks i+ Wasagas e = 4856.484 5 )
COG, jp=2.716 ff
COG, = 3.B52 ft
B,y =71 505"
L
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

FINDING THE FORCES ACTING OM THE WaLL: ACTIVE EARTH PRESSURE

B,=71.625 deg
sin (B + ) ;
L . i {¢ +E} sin .|:¢ 13} >
) ) 0@, el ¥ |
(Slﬂ I:E.-m-} ; (5“1 {ﬁ'm e ﬁf}:']l [1 + J sin {ﬁ.u = 5;]' «5in {ﬂ‘w + ,ﬁ}
E I T ACTIV RT R R

* Mote: The height of the wall for internal analysis is 9FT

Biei=8 ft

G, o=y ¥ = 1215 %

Ty o™= Ty i~ Mg ml=513'1ﬂ4£
L 2 L 1w

Fi
E, g —“-";—"“ = 2308.967 %

1
£y iti= (E] =31t
XE«_ pei=0 ft— {lan {QU' - Emr:':' - [EEB_ |'r||} =5.003 it

Hoerizontal and Vertical Components

Ean im'=Eq iy-c0s {5,490 deg - 8,,) = 1664.427 %
; ih
Eqy int= Ey i~ 50 (5,4 90 deg— 8,,,) = 1600.316 S

FINDING THE LIVE LOAD SURCHARGE RESULTANT:

[a]
Oy =0y KB_,-,,r: 106.577 ?

LS =Ty~ fie = 950,182 %
1
Ly g = (-2'] h=4.5 1t

g =8 = {tan (807 — 8, 1)« (2, ) =4.505 ft
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

Honzontal and Verdical Components

LS, yyi= LS, + 08 (8, + 90 deg — 6,,) = 684 95 %

LS, ;= LS,y-5in {8, + 90 deg— 6,,) = 658 566 %

CHECKING FOR SLIDING

Driving forces:

i
Ff = {rEH_.m' E.:h_.d:' + |:!"Ls A Lsh_mr} =3635.303 "

Resisling forcas:

: 10" KNOB INTERFACE SHEAR CAPACITY
Ewvaluate the interface shear capacity from the curve ) ]

ganerated from full scale blocks testing. The following are
peak shear values. Since the wall section has a combination 10000

TRIKD

of XL Hollow Core blocks and solid blocks the lower -1
maximum inierdace shear curve is used for simplicity i
purposes, The XL Hollow Core blocks interface shear - g
capacity is larger making this analysis more conservative. § o e ] ! !
R
S, inr=6081 1B 5 VR R P o aam 0w iamo mow
ft ft Hormad Losdl b

Fricion =44 dag  Angle of the first part of the curve

th
5o 1= ({ (Ve min* Wisa i) + (¥er mar® Eaw i) + {¥15° LS, o)) * 18 (Bricsin) ) + {Sp_ i * @) = 13585.467 i

M= 1 Reduction coefficiant of friction. Based on full scale |ab testing of block to block interface
shear,
b
By jge= e (S e ) = 12226924 =

Sliding Capacity Demand Ratic (CDR):

- Rrw it
CORs === =3.309  OK

o_inf
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

CHECKING FOR OVERTURNING

Dving momants:

My = {(¥ew s Bt int) * Zea i) + {W¥es* LSy b+ Zpg g} = 12134 508 1b

Resisting moments:

wbu'm'.b_mn‘l.rcnn‘_l.nr =4079.21 l;—

b
Wik rmeuced int™= Whichs mouced it + Wondpes m=49631.71 Il

l’I":Ilr_i\m' =1.0. [I:{FEV_MWI .- wﬂuﬂ_wn'mn'_mr} . CDGx_l'nr} g {,IIYEH_FIH.V‘ EW_IHT::I ¥ x-Eu_a'l{:I T l:{ FLS'LS%'_l'nr} "'XLS_ n!:l} =24T82.7 Ib

Owerturning Capacity Demand Ratio (COR):

COR .= M”’"—2454
=2 oK
el

Mote:
Al other interfaces should be checked for sliding and overtuming. Bearing capacity and slope stability were
nat required in this example, but sheuld be checked for extemnal stability,
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

IDEA PROGRAM PMB GRAVITY WALL SYSTEM SUBMITTAL SECTION 2.2

ERS DESIGN EXAMPLE
PROBLEM 2

h=105 R

Mo =1 1
wi=514 deg
B :=26.565 deg

RETAINED SOIL
y=135 12

=
#,=34 deg

d.=25.5 deg

-

REDKROGK

=125 12
=

;=30 deg

5= 20 deg

It
CF = —2
ft

INFILL/LEVELING PAD SOIL
=100 22

ft
$yi=40 deg

5,:=26.67 deg
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

I T Y FHW. TO ER I N

DESIGN CONDITION: STRENGTH |

LOAD FACTORS RESISTAMCE FACTORS

Ver min="0.8 Horizontal Earth Pressure - =09 Sliding (Block on LP and LP
S e Active an foundation sail )

VEH max =1,

Vev miai= 1.0 Wertical Earth Pressure

Vev mae = 1.35 Overturning; Lse 80% of block infill weight,

EXTERMNAL STABILITY

FINDING THE WEIGHT OF THE WALL

+ The weight of the wall and the location of the center of gravity is based on the average infilled unit weight
for each block size.

+ Although this wall will require the construction of a laveling pad from a erushed aggregate, it will not be
included as part of the slability analysis. s properties in terms of weight and internal angle of friction will
nat be used in the resistance companents for sliding and overturning.

* The back of the wall is defined starting a the back of the first block and then drawing a line from the top
back of this block fo the top slope. The location of intersection with the top slope is defined by drawing a
vertical line from the back of the top block until it intersects with the top slope. This allows for some soil
wedges that sit on top of the retained structure to be included in the weight calculaticns.

BLOCK  BLOCK HEIGHT WIDTH - AHEA"  IME UNITWEIGHT®  WEIGHT® COGE toGe

MAME  HWo. it} LS 1 ) ik b1 L] 1Fi}

Fi-25T 5 L5 2311 35 11 385 L3965 9,75

R-4181 4 1.5 Sl S63 135.86 GIT.041 344 B35

H-41m1 3 1.3 .30 2003 pFER -] b4l d.10E S
R-7236HE | 2 1 (3 18 13,77 2047.35 3,209 4.5
R-3636HC 1 E & L 112.6 0zA 3,964 1.5
Sam R3AS.343

I 3 " N 1
e L e oG S L e a, Cross sectional area of the infilled block, It doesn't

ale [fe2) {Ibfi) R [F} consider soil wedges located above the top black,
5 LM 1Mz 586 10.889
A 161 161 3.71 9,652 br. Infilled unit waight i a weaighted average of tha
3 1511 1511 AS585 B.14F concrete and the infill aggregate’s respactive unit
2 1078 2974 4931 G.E3T weights. The following values are used:
1 1EET 867 G.04E  A0aT Concrete: 143 PCF and Infill Aggregate: 1040 PCF,

Infill iz considerad to be the material in the

[Sum 10504 geogrid slot-core and the sides of the blocks.

For Cvarturning Calculations

¢. Weight based on the infill unit weight per unit

BLOCK B0 INF LINIT WEIGHT WEIGHT length of wall
NAME pcf) ({17
B-23T 105,16 358,06 d. For overturning calculations the block's infill-
F-A1M 172,08 1503 | aggregate unit weight is taken to be 80% of
R-41M 12208 618,03 | R ECK

R-T23EHC 103.17 1857.06

Mate: COG values are measured fram the franl
bottom of the first block. An example calculation is
presented in the following pages.

R-9636HC 100,56 2415.84
Sum SaTT.02
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

EXAMPLE CALCULATIONS

* The sample caloulations are for the R-41M black.

Finding concrete to soil matenial ratios using volumes

i _ =
Hearner= 1.50 Black height ||' -'II_
Weyno=2.375 it Block width - Front to back | |
g = 3.844 fi Black front face length f" !

Vit ™= Mranm = Weaan - lpaan= 1946 it |

W

[upn

i=15.65 ' Avarage value from in-houge voluma tasts.

Voo wengas '=1.724 ft* Wedges shown in gray

v,
C =8 GhrhGTilE —0.804
VTquI

g Voo wetpss _ o nooe
HII‘l:l'l'.‘a'ﬂ.l

Finding the average unit weight of the block assuming 143 PCF for concrete and 100 PCF for the infill
aggragate for the soil wedges,

/. ]

¥ratm = [C-143 —\] il (S-ﬂ}l] £] L
ﬂ'n; &:!-

= 123.86 >
ﬂJ

Finding the weight par unit length of the wall o

Arapne= Py Wiy =0.063 ft'  Cross sectional area of the black.

Ly panae=1 1t Unit length of the blockiwall,

W? ROM= YRamm® "q'ﬁ"ﬁl-'l" Li' RdiM= 627.042 Ib

The Centar of Gravity (COG) for each block is calculated as a weighted average using the geometric
C0OG and the weight for each material assuming an infilled block, The geometric centers are caloulated
using 30 models of the block in AutoCAD.
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

COG, rm concrate'=1.T08 ft COG, pying =1125

W:l'nm'_Rd:lM_mr.m i=2240 Ib Wrarm'_RdrH_m =173 Ib

COB; figinit= {CDGx_HATH_mM' Wmm‘_mm_m:' + {CDGI_H‘ﬂM_LnM" wrnmmeu_mm'::' — 1 666 fit

Wit menat_concrate + Woiame mered

The COG for each soil wedge is the geometric COG determined wsing AutoCAD.

Once the COG values are determined for each block and soil wadge, the COG for the wall is calculated
as a weighted average of these values. For further reference, please see the general equation below.

@{CGGHWH i) n‘wﬁhtﬁm_? njl +£{C{;Gmuhr 1n® Wim'ghtm, 1 .'I}

COG = Weight
Wi
Y
ﬂ - -Id.‘\r
wmi
) !
v 3
[

Using the tables abave to find the lotal weight of the wall and it's center of gravity.

Wipous = 6389.343 12 Wippogasi=1050.4 22
1 ft
W, o= W, L
= Wi+ Wndges= 7439.743 2
COG,:=3.485 ft
COG,:=4.594 ft
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

FINDING THE FORCES ACTIMG ON THE WaALL: ACTIVE EARTH PRESSURE

* For the analysis of this example a linear back of wall is approximated in accordance with what AASHTO
shows for prefabricated modular walls with irregular surfaces. (AASHTO Figure 3.11.5.9-2)

* Aclive sarth pressure calculalions are carried out using Coulomb's methods as shown in AASHTO
Section 3.11.5.3

FINDING Ka

8:=67.408 deg

sin (8+¢,) !

=0.85
oz, sin (¢, + 5} +sin ($,— 8} |°
(EIH e ﬁr}ﬂ (1 +\’ sin (8- 5} +sin {8+ 8]

Kn::

\
-\

FINDING TH Tiv T TANT:

The retained height of soil is defined by the difference in elevation between the bottom and top of the line
that defines the back of the wall. Because the wall has a top slope this haight will not be the same as the
total height of the wall. The variable h, will be used to define this value, which is messured using AutoCAD.

hei=11.674 ft

0,:=h,«y;,= 1575.99 %

o, =0, K,=1339,558 12
ﬂ2

T, h,
E.Ii=_”_

h=t e

=T7819.001 =
ft

¥ %] oh,=3.891 ft

Xe,i=8 ft— (tan {90° - 6)) - (2.} =6.381 ft

Oy i.Ka

=5 ovper B~
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

Horzontal and Vertical Components

E.,i=E,-cos (5,+ 90 deg— 6) = 5222 698 %

E,,i=E,-sin {5,+ 90 deg - 6) :5&13.953%

CHECKING FOR SLIDING

* For the analysis of this example the load factors used will be the maximum values from the range
provided in AASHTO for loading forces and mimimum values (if applicable) for resisting forces.,

* Although this wall will require the construction of a laveling pad from a crushad aggregate, it will not be
inzluded as part of the stability analysis. It's propearties in terms of weight and internal angle of friction will
not be used in the resistance components for sliding and overturning.

Diniving forces:

[}
Pd-:= vEH_mx* = TE34 047 F

Resisting forces:
* The reduction coefficient of friction is a weighted average of the two different materials used at the

sliding surface. Precast concrete composes 22% of the sliding surface while aggregate core infill
composes §8%.

Hepn sor=0.80  Reduction coefficient of friction for precast conerete on foundation soil
oot sap==1.0 Reduction coefficient of friction for aggregate core Infill an foundation soil

“wgnm 1=10.956
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

b
Fo= Py ({_FE'..-’_rmr' Wmﬂ F {FEH_m! ¢ Ew}:l -tan |:¢.l'} g ”anhrnd = 8031.575 ?

Sliding Capacity Demand Ratio (COR):

R
CORg = F’ =1.025 QK

o

CHECKING FOR OWVERTURMING

+ For overturning calculations a maximum of 80 percent soil infill weight inside the blocks will be used in
the resisting forces consistent with AASHTO's quidelines in Section 11.11.4.4, AASHTO doasn't have a
resistance factor for overtuming so we use 1.0

Dnving moments:
Md = {F.Elf_m.ux . EM:I - EE, = 3{”3‘3&? .'h

Resisting moments:

Whiacks_motuceas= BBTT.02 %

Ib
Wi reaucen ™= Witaens_mouced + Wisgpes = 8927 42 B

'“""r‘= 1.0- ({{VEU_mn d wmv_mﬂrmd} " CDGx} b {{YEH_M' nl.-_} = xE.u}:l =T8837.391 Ib

Cwerturning Capacity Demand Ratio (COR):

CORGy = M
oy = M,

=2619 QK

1 if Y
+ Checking internal stability about the battom of Block 2,

EINDING THE WEIGHT OF THE WALL

BLOCK  BLOCK HEIGHT WIDTH AREA' INF UNITWEIGHT®  WEBGHT' oG £0Gz

MAME Moo (®)  {ft)  [f*3) ipefl [1b/ft) ift} !

F-281 3 13 1.212 i3 110 383 1 b5

R-41M 4 1.5 3375 5.063 12386 BL0A1 207 5.25

R-4111 3 15 | 975 | 508 123,86 B27.041 1037 .75
F-T236HC 2 3 & 13 11377 2047.86 2908 15
Sum 36RG, 543

SOILWEDGE AREA’ WEIGHT COGx  COG:
He. iftr2) {lb/ft) i) ift}

4 L3 176 2312 7.882

3 1.585 1585 243 6,652

2 1467 1467 4299 5144

1 4911 L1 4,631 3.637
Sum 768,58
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

For Cverturming Caloslations

a. Cross sectional area of the infilled block. It doesn't

BLOCK BO% INF UNIT WEIGHT' WEIGHT ider sail | d i bl
NaME i i/t | consider soil wedges located above the lop block
R-28T 105.15 368.06 b. Infilled unit weight is 8 weighted averzoe of the
R-418 122,08 518.03 concrete and the infill aggregate's respective unit
A-41 12208 518.03 weights. The following values are used:
R-7235HC 103.17 1657.05 | Concrete: 143 PCF and Infill Aggregate: 100 PCF.
Sum 345118 Inflll is considered to be the materal in the

geogrid skot-core and the sides of the blocks.

c. Weight based on the infill unit weight per unit

Maote: COG valuas are maasurad from the length of wall.
Mo oot e MRt e d. For overfurning calculations the block's nfill-
aggregate unit weight is taken to be 80% of
100 PCF.
Wiy o= 3686.243 12 W oo o= 768.9 2.
= ft = ft
/4] |
Woan it = Whinoks it + Worndges = 4456.843 - .
Wanint
COG, jy=2.T18 ft | N\ b eeeT
COG, jnyi=3.493 ft
i By
& i

EINDING THE FORCES ACTIMG O THE WALL: ACTIVE EARTH PRESSURE

By:=70.172 deg
Ky = 5 (6ur+6) —0.771
b : 3. [ sin (g, +8)-sin{$-F) |

{ﬁm I:Blmj oy (Emr_ ﬁ,:l}} [1 N ‘|||II sin (gm — a.g « 5 {8, + .:;}

FINDING THE ACTIVE EARTH PRESSURE RESULTANT.
* Mote: The tofal height of retained soil is found to be 8.667FT
A = 8.667 ft

8, ai= by g ¥, =1170.045 %

':F,g_mr’: v_id ~ KP_,:HIZ 902432 %
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

.
E, =2 Tt _ 3910.905 %

1
Leg ™= [?) B g =2.889 ft

‘ull.l?\.u_mr‘= 6 ft— {tEIr‘I EW g Emr}} o {zEu_mr} =4.954 ft

Horzontal and Vertical Components

Eun o= Ex €08 (8,490 dog—B,,) =2749.551 2

Eyy in?=Ey ng-5in (8, +90 deg—8,,} =2781.213 %

CHECKING FOR SLIDING

Drriving forces:
[[e]
Pd'_ ni = FEH_mr' al‘.'__.?nf= 4124'32? F

Resisting forces:

. , 10" KNOB INTERFACE SHEAR CAPACITY
Evaluate the interface shear capacity from the curve

generated from full scale blocks testing. The following are
paak shear values. Since the wall section has a combination
of XL Hollow Core blocks and solid blocks the lower
maximum interface shear curve is usad far simplicity

Shas Capacity BT
@

purposas, The XL Hollow Core blacks interface shear 7
capacity is larger making this analysis more conservative. 4000 La ! !
[
2000 1 I | :
8, = 6061 i 8, mari= 11276 b k- 4000 BODD 1RO G000 2O
- ft - ft Normal Load. ki

B =44 deg  Angle of the first part of the curve

b
S'-_, = ({(YE\.-’_M L Wma'r_l-ﬂr} #* ('l"'EH_m.n" 'E-'h'_ﬂ-':I} +tan tﬁmbﬂ]} + (SF_"“"" IFJ] =13787.503 F

=1 Reduction coafficient of friction. Based on full scale lab testing of block to block interface
shear.

1b
R it= 9 (Sp Hi) = 12408.753 =2
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APPENDIX: 2.2.1 GRAVITY WALL EXAMPLE CALCULATIONS

Sliding Capacity Demand Ratio {CDR):

R,
CDRgy jne= P’-"" =3009 QK

a_int

CHECKING FOR OVERTURNING

Drriving moments:
Ma'_mr"= l:'l"EH_max' E.u.h_nnr::' . zEn_lnI =11815.181 Ib

Resisting moments:

Ib
Woncks moueg o= 3461.18 3

b
wwu’-' reduced il i wblhl:lcs redused int T W L1 |nr=4231 .08 F

M, 2= 1.0 {({Vev: min= Wian maucen e - COGy i} + {(Vers maw+ Eaw int) = Xew_mg) ) =32185.215 Ib

Cwverturning Capacily Demand Ratio (CDR):

[y
CDR g, 1= M’--*"' =2701 QK

o _int

Mote:
All ather interfaces should be checked for sliding and overturning. Bearing capacity and slope stability were
not required in this example, but should be checked for external stability
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

Present DaveiTimne: Wed Jun 08 15:30:12 2022 CUsers\dandel\DreskiopdDEA MSE Wall Design ExansplesiProb

S TN e TR Ve R R e TR Forn WA o RS W SRE R oo TR o U G R L SRS Tor o WP e LR W R R o AR Vow MY o U0 L SR W Torm HTRT T G Uy m VR Fra M T

MSEW -- Mechanically Stabilized Earth Walls Example Problem 1

LI W

I_MS2Review BENp

AASHTO 2017-2020
Example Problem 1

MSEW+: Update # 2021.14

PROJECT IDENTIFICATION

Title: Example Problem 1
Project Number:

Client: Redi-Rock International
Designer: Daniel Cerminaro

Station Number:

Description:

IDEA Submittal Example Problem | ERS MSE Wall with Extensible
Reinforcement

Company's information:

Mame: Redi-Rock International
Street: 2940 Parkview Dr

Petoskey, MI 49770

Telephone #: 616-655-1503
Fax #:
E-Mail: danieli@redi-rock,.com
File path and name: Ci\Users'daniel'Desktop'IDEA'MSE Wall Design Examples'P.....
..... lem 1_MS2Review . BENp
Original date and time of creating this file: Wed Aug 11 14:31:01 2021
PROGRAM MODE: ANALYSIS
of a SIMFLE STRUCTURE
using GEOGRID as reinforcing material.
Example Problem | Page | of 11
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

MSEW -- Mechanically Stabilized Earth Walls E
h

eTime: Wed Jun 08 15 22022 Coilsers\dansel TheskiopdDEA MSE Wall Design Examples T

iple Problem |
lerm 1_MS2Reviow BEN

SOIL DATA
REINFORCED SOIL
Unit weight, 135.0 Ib/ft *
Design value of internal angle of friction, ¢ EEN
RETAINED SOIL
Unit weight, ¥ 1200 Ih/ft
Design value of internal angle of friction, & 30.0°

FOUNDATION SOIL {Considered as an equivalent uniform soil)

Equivalent unit weight, ¥ cauiv. 120.0 Ib/ft *
Equivalent internal angle of friction, 30.0°
Equivalent cohesion, ¢ i 0.0 Ib/fi *

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS
Ka (internal stability) = 0,2827 {if batter is less than 107, Ka is calenlated from eq. 15, Otherwise, eq. 38 is utilized)
Inclination of internal slip plane, w=62.00°  ({see Fig. 28 in DEMO 82,
Ka (external stability) = 0.2973  {eq. 17 is utilized to calculate Ka for all batters)
{ For external stability user specified 8 = 20,007 )
BEARING CAPACITY

Bearing capacity is controlled by general shear,
Bearing capacity factors {calculated by MSEW): Nc = 30.14 N y=22.40

SEISMICITY

Not Applicable

Example Problem | PageZof 11
Copyright © 19932021 A[m.\ﬂ_.‘\ Engineering. [nc_ ) ) N ] ) ) ) Li_rmseuuu_lbel MSE_W-4DI 12
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

MSEW -- Mechanically Stabilized Earth Walls sample Problem |
Presen Diate/Time: Wod Aug U3 14:49:38 2022 (CiLsers danief Deskiog IDEAMSE Wall Design ExamplestPrablem | Tinal_Review 05112022 BEND
e i PR e A i DAL o P . ik it LB B It S0 P P Ut WS e G e it BT i 5 e 1 V8

INPUT DATA: Geogrids
(Analysis)

DATA Geogrid Geogrid Geogrid Geogrid Geogrid
tvpe #1 fype #2 type #3 type #4 fype #5

Tult [h/f] a500.0 Q500.0 13705.0 13705.0
Durability reduction factor, RFd 1.15 1.15 1.15 1.15
Installation-damage reduction factor, RFid 10 .10 1.10 110
Creep reduction factor, RFe 1 .44 144 .44 | .44 NIA
CDR for strength N/A N/A N/A N/A
Coverage ratio, Re 0.250 f1.500 0.250 (1500
Friction angle along geogrid-soil interface, p 2835 28.35 2835 2835
Pullout resistance factor, F* 0.80tand  O80tand 080and  0.80-tand  N/A
Scale-effect correction factor,  « 1.0 1.0 1.0 1.0

Variation of Lateral Earth Pressure Coefficient With Depth

I K /K
z K /Ka )00 10 20 30
0 f 1.00
33 M 1.00 Ll
6.6 ft 1.00 '
9% f 1.00
3.1 f 1.00 3
16.4 ft 1.00
19.7 fi 1.00 16.4
26.2
128
Example Prabicm | Pagcof 11
Copyright © 1998-2021 ADAMA Engineering. Inc. ] e o ) )  License number MSEW-401112
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

MSEW -- Mechanically Stabilized Earth Walls Example Problem |
i i o B R e o S PO S s e e e e S
INPUT DATA: Facia and Connection (according to revised Demo 82)
(Analysis)
FACIA type: Facing enabling frictional connection of reinforcement (e.g.. moedular concrete blocks, gabions)
Depthv/height of block is 2.33/1,50 fr, Horizontal distance to Center of Gravity of block is: 1.13 fi,
Average unit weight of block is: Y= 120.00 1b/ft
Top of wall
7/ Hd To-static / Tmax Z/Hd 0.00
025
0.00 b0
0.25 1.00 han
0.50 1.00 075
0.75 .00 100
L 1 1.00 0,90 0.580 0.70 060 0.50
To-static / Tmax
Connection strength, T-1ot, is related to user specified T-lot
Geogrid Type #1 Geogrid Type #2 Geogrid Type #3 Geogrid Type #4 Geogrid Type #5
N-1  Tult-conn N-2  Tult-conn N-3  Tult-conn N-4  Tult-conn N-5  Tult-conn
0.0 BOR 100 0.0 BOR .00 0.0 13447.00 0.0 13447.00
GOOOLD  B6E100 GOOD.0 B6R1.00 24485 1344700 60000 13447 .00 WA
10000001 .8681.00 10000001 .8681.00 10000001.13447.00  10000001.13447.00
10000001 8681.00 10000001 8681.00 10000001.13447.00  10000001.13447.00
10000001 %681.00 10000001 .8681.00 TOCOOCOT 1344700 10000(K1 .1 3447.00
Geogrid Type #1 CGieogrid Type #2 Geogrid Type #3 Geogrid Type #4 Geogrid Type #5
=4 CRu =3 CRu =4 CRu =4 CRu =4 CRu
0.0 082 0.0 082 0.0 (.82 0.0 (.82
2575.1 (.82 2575.1 (.82 2575.1 (.82 2575.1 (.82 NA
4291845.90.82 4291845.90.82 4291845.90.82 4291845.90.82
429184590 82 42918459082 4291 845.90.82 4291845.90.82
429184590 42 429184590 82 429184590 82 4791584590 82
g = Confining stress in between stacked blocks [Ib/ft 2]
@ CRult = Te-ult / Tult
3 CRer = Tere / Tult
DA T A (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5
Product Name 10XT 25% 10XT 50% 20XT 25% 20XT 500 N/A
Connection strength reduction factor, RFd 1.15 1.15 1.15 1.15 MNIA
Creep reduction factor, RFe N/A N/A N/A N/A NIA
Example Preblem | Page 4 of 11
C'_upyrig]it J_':' I'JIJS-_202| AD;’\M_.‘\ Engineering. [nc Li_tmse 11urr_1ber MSE_W-MJI 112
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

T T e e e T e T T e e e e e
MSEW -- Mechanically Stabilized Earth Walls Example Problem |
Present DabeTime: Wed Ao 03 144938 2022 il sers domicl Dieskiop IDEA'MSE Wall Design Examples'Problom |_Final_Beview (803N BERNp

i U Ve L L T 1 B G P Y o L L7 Y- U B e B i 1 o8 A S 1 Ui

INPUT DATA: Geometry and Surcharge loads (of a SIMPLE STRUCTURE)

Design height, Hd 30,00 [f] { Embedded depth is E = 2.00 fi. and height above top of finished
bottom grade is H = 28.00 ft }

Soil in front of wall is Horizontal.

Batter, o 5.0 [deg]
Backslope, [ 0.0 [deg)
Backslope rise 0.0 [fi] Broken back equivalent angle, 1= 0,007 (see Fig. 25 in DEMO #2)

UNIFORM SURCHARGE
Uniformly distributed dead load is 0.0 [Ih/ft 2], and live load is 250.0 [Ib/ft 7]

ANALYZED REINFORCEMENT LAYOQOUT:

SCALE:
02468 10[f]
("= ™" |
Example Prabicm | PageSof 11
) (‘op}'n'ghté} J‘J!JS=20_2] ADAMA Engineering. Inc. ] ] ) ) ) Li_n:mse number MSEW-401112
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

MSEW -- Mechanically Stabilized Earth Walls Example Problem 1
e e W IR iR PEARE Pl Dol freprgtlen | el By QR R
AASHTO 2017-2020 — Load and Resisting Factors
INTERNAL STABILITY
Load factor for vertical earth pressure, EV: Y-k 1.35
Load factor for earthquake loads, EQ: Vo-rw 1.00
Load factor for live load surcharge. LS: Yp-Ls 1.75
(Same as in External Stability),
Load factor for dead load surcharge, ES: pelis 1.50
(Same as in External Stability).
Resistance factor for reinforcement tension [ Static Combined static/seismic
Geogrid: 0.90 1.20
Resistance factor for reinforcement tension in connectors [ Static Combined static/seismic
Geogrid: 0.90 1.20
Resistance factor for peosynthetic pullout [ 0.90 1.20
EXTERNAL STABILITY
Load factor for vertical earth pressure, EV Static Combined Static/Seismic
Sliding and Eccentricity Vv 1.00 YeEg 1.00
Bearing Capacity Yok 1.35 e 1.35
Load factor of active lateral earth pressure, EH Vern 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply Fyp and Py ): (¥ pen )EQ 1.50
Load factor for earthquake loads, EQ (multiplies Py and Py ) V¥ opEg 1.00
Resistance factor for shear resistance along common interfaces Static Combined Statie/Seismic
Reinforced Soil and Foundation ' 1.00 1.00
Reinforced Soil and Reinforcement ¢ | 1.00 1.00
Resistance factor for bearing capacity of shallow foundation Static Combined Static/Seismic
b 0.65 0.65
Example Problem | Pagcbhof 11
Copyright © 19932021 A[m.\ﬂ_.‘\ Engineering. Inc ) ) ) N ] ) ) ) Li_rmseuuu_lbel MSE_W-4DI 12
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

MSEW -- Mechanically Stabilized Earth Walls Example Problem 1
D e e AR e P iV e i AP Bk e S B e et B B A i e e
ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 3,79, factored bearing load = 6084 1h/fi®,
Foundation Interface: Direct sliding, CDR = 2,494, Eccentricity, oL = 0.0277, CDR-overtuming = 6,15
GEOGRID CONNECTION
CDR Geogrid Pullout Direct  Eccentricity Product
#  Elevation Length Type [connection strength resistance  shding el name
[ft] [ft] # strength] CDR CDR CDR
1 0.00 27.00 3 1.23 1.368 20413 2768 0.0277  20XT 25%
2 1.50 27.00 4 1.28 1418 200073 2,737 0.0225 20XT 50%
3 300 27.00 4 1.34 1490 19817 1862 0.0176  20XT 50%
4 4.50 27.00 4 1.42 1.570 19.369 3.000 0.0131  20XT 50%
5 .00 270 4 1,50 1.659 18.761 3151 00090 20XT 50%
[ 27.00 4 1.59 1.759 18,138 3320 0.0052  20XT 50%
7 900 27.00 4 1.69 1872 17.507 1508 0.0018  20XT 50%
b 1050 27.00 4 180 2000 16.867 3719 000012 20XT 50%
9 1200 2700 4 1.94 2.147 16.216 1.958 -0.0038  20XT 50%
10 1350 27.00 4 2.09 2318 15.552 4.230 00061 20XT 50%
11 1500 27.00 4 227 2517 14,870 4544 -0L00sD 20XT 50%
12 1650  27.00 4 2.49 2.755 14.166 4.909 -0.0095  Z0XT 50%
13 1800 2700 2 1.89 2,109 13.433 5338 -0.0107  10XT 50%
14 1950 2700 2 201 2.354 12.661 5,852 00014 TOXT 530%:
15 2100 27.00 2 239 2.663 11.828 6.477 00118 10XT 50%
16 2250 27.00 2 275 3.067 10,922 7.253 00118 10XT 50%
17 2400 27.00 2 325 3615 4,895 8244 000014 T0XT 50%
18 2550 27.00 p 395 4.400 B.666 9.553 -0.0107  1OXT 50%
19 2700 27.00 2 5.05 3.623 T7.068 11.361 00095 10XT 50%
200 2850 27.00 2 ®13 b.052 5437 14.021 -0L00ED TOXT 50%
21 2950 27.00 1 7.05 T.852 1.524 17.545 -0.0067  1OXT 25%
Example Problem | Page 7of 11
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

T WA T LT T TP T ST T ML e B T SR T e e M Ve SRR T O T WP Tt R Vemee SR T LR Trnam WL T TR T ST e DR Ve TR, e VR 1 P WTH o D e T

MSEW -- Mechanically Stabilized Earth Walls Example Problem |
l‘r\.sn.m Din. 'Tm Wed augm 144938 NJZ’ ’J_\xrs dmldﬂuklep' IDlJ\ \H[ W.III Dr_slgu E: txru'llm thh:m I I mﬂl Review. mwzz BERp
s i v e e e £ aic v unie i

SRR i W o TR Yo 1 Vo S E 1 o W b I Moo BB e e ATH e WAL Vs M L

BEARING CAPACITY for GIVEN LAYOUT - Using AASHTO 2017-2020 method

STATIC SEISMIC UNITS
{Water table does not affect bearing Lapacttyi

Factored bearing resistance. q-n 23073 NiA [T/t *]
Factored bearing load, oy 60845 NiA [kt 2]
Eccentricity, ¢ 030 NIA [ft]
Eccentricity, e/l 0011 MNIA

CDR caleulated 379 NIA

Base length 27.00 NIA [ft]

Unfactored applied bearing pressure = (Unfactored B) /[ L - 2 * (Unfactored e) |
Unfactored R = 11638259 [Ib/ft], L =27.00, Unfactored ¢=0.20 [f], and Sigma=4373.86 [Ib/ft *]

SCALE:
02468 10[f]
("= ™" |
Example Prabicm | Pagc Rof 11
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

MSEW -- Mechanically Stabilized Earth Walls Example Problem 1

Present DaseTimme: Wod Aug 03 |4-49:38 2022 Clsers damicf Deskiop IDEAMSE Wall Design ExamplesiProblem 1_Final_Beview (55012022 BENp
i S i U1 Vs AP i GAE Wi T Sl N U BT o . Vi Vi PR o BT e Y U P S T e W i U Vs PR

DIRECT SLIDING for GIVEN LAYOUT  (for GEOGRID reinforcements)

Along reinforced and foundation soils interface: CDR-static = 2.494

# Geogrid Geogrid CDR CDI. Geogrid
Elevation Length Static Seisn ic Type # Product name
[fi] [fi]
1 000 27.00 2.768 NIA 3 20XT 25%
2 L50 27.00 2.737 NIA 4 20XT 50%
3 3.00 27.00 2862 NIA 4 20XT 5ra
4 450 27.00 3.000 N/ 4 20XT 50%
3 600 27.00 3151 NIA 4 20XT 50%
6 750 27.00 3320 MIA 4 20XT 5%
T 900 27.00 3508 NiA 4 20XT 50%
& 10350 27.00 3719 NiA + 20XT 50%
9 12.00 27.00 3958 MIA 4 20XT 5%
10 13.50 27.00 4.230 NIA 4 20XT 50%
11 15.00 27.00 4.544 NIA 4 20XT 50%
12 16.50 27.00 49048 NIA 4 20XT 5ra
13 18.00 27.00 5338 N/ 2 [OXT 50%
14 19.50 27.00 5.852 NIA 2 1OXT 50%
15 21.00 27.00 6477 MIA 2 1OXT 50Ko
16 22.50 27.00 7.253 NiA 2 [OXT 50%
17 24.00 27.00 8.244 NiA 2 1OXT 50%
18 2550 27.00 9553 NiA 2 THOXT 50¢4%
19 27.00 27.00 11.361 NiA 2 TOXT 50%
200 28.50 27.00 14.021 NIA 2 1OXT 50%
21 2550 27.00 17.545 NIA 1 1OXT 25%

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation: e/L static = 0.0277; Overturning: CDR-static = 6.15

#  Geogrid Geogrid e/l elL Geogrid
Elevation Length Static Seismic Type # Product name
[fi] [f]
1 000 27.00 0.0277 NiA 3 20XT 25%
2 150 27.00 00225 MNIA 4 20XT 54
3 300 27.00 0L.0176 NIA 4 20XT 50%
4 450 27.00 L0131 N/A + 20XT 50%
5600 27.00 (0,00%0 NIA 4 20XT 500
6 750 27.00 0.0052 NiA 4 20XT 50%
T 9.00 27.00 L0018 NiA L 20XT 50%
® 10.50 27.00 -0.0012 MNIA 4 20XT Ko
9 12.00 27.00 -0.0038 NIA 4 20XT 50%
10 13.50 27.00 -0.0061 NiA < 20XT 50%
11 1500 27.00 -0.0080 NIA 4 20XT 5070
12 1650 27.00 -0.0095 NIA 4 20XT 50%
13 18.00 27.00 -0.0107 NiA 2 TOXT 50M%%
14 1950 27.00 -0.0114 N/A 2 HOXT 50¢4
15 2100 27.00 00118 NiA 2 [OXT 50%
16 2250 27.00 00118 NiA 2 HOXT 50
17 24.00 27.00 -0.0114 MNIA 2 1OXT 5(Fa
18 25.50 27.00 -0.0107 NIA 2 [OXT 50%
19 27.00 27.00 -0.0095 NiA 2 1OXT 50%
200 2850 27.00 -0.0080 MIA 2 THOXT 5064
21 29.50 27.00 -0.0067 NIA 1 10XT 25%
Example Problem | Page 9 of 11
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS
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MSEW -- Mechanically Stabilized Earth Walls Example Problem 1
D e e AR e P iV e i AP Bk e S B e et B B A i e e

RESULTS for STRENGTH

Live Load included in caleulating Tmax
# Geogrid Factored Factored  Tmd Specified Actual Specified Actual
Elevation LTDS Tmax minimum calculated  minimum calculated Product
CDR CDR CDR CDR name

[fi] [b/ft] [T/ fi] [1b/f1] Static Static seismic seismic
1 000 16928 12376 NIA NIA 1.368 NiA N/A 20XT 25%
2 .50 33K56 23882 WA NIA 1.41% N/A N/A 20XT 50%
3 3.00 33856 22723 NIA NiA 1.490 NiA N/A 20XT 50%
4 450 33856 2156.4 NIA N/A 1570 N/A N/A 20XT 50%
5 .00 EXT X 20404 WA NIA 1.639 M/A MN/A 20XT 50%
6 7.50 3385.6 1924.5 NIA N/A 1.759 NiA N/A 20XT 50%
T 9.00 3385.6 1808.6 N/A N/A 1872 N/A N/A 20XT 50%
] 10.50 33850 16492.6 MNIA NA 2000 M/A MN/A 20XT 50%
9 12.00 3385.6 1576.7 NIA NiA 2.147 NiA N/A 20XT 50%
10 1350 33856 1460.8 NIA NIA 2318 NiA N/A 20XT 50%
11 1500 33K56 13448 WA NIA 2,517 N/A N/A 20XT 50%
12 16.50 33856 12289 NI/A N/A 2.755 NiA N/A 20XT 50%
13 18.00 23468 1130 NIA N/A 2109 N/A N/A 10XT 50%
14 19.50 23468 GoT.0 MN/A NIA 2354 M/A MN/A 10XT 50%
15 21.00 2346.8 B81.1 NIA N/A 2.663 N/A N/A 10XT 50%
16 22.50 2346.8 T65.2 N/A N/A 1067 NiA N/A 10XT 50%
17 2400 2346.8 6493 MNiA NiA 3615 MN/A MNIA 10XT 50%
18 2550 2346.8 5333 NIA NiA 4.400 NiA N/A 10XT 50%
19 27.00 2346.8 4174 NIA NIA 5.623 N/A N/A 10XT 50%
20 2850 33468 2593 WA NIA 9.052 N/A N/A 10XT 50%
21 29.50 1173.4 149.5 NIA N/A 7.852 NiA N/A 10XT 25%

RESULTS for PULLOUT

Live Load included in calculating Tmax
NOTE: Live load is not included in calculating the overburden pressure used to assess pullout resistance,

Factored: Stat./Seis,

#  Geognd Coverage  Tmax Tmd Le La Avail Static  Specified  Actual Avail Seism. Specified Actual
Elevation  Ratio Pullout, Pr  Static Static Pullout, Pr - seismic  seismic
[fi] [Th/fi] [Ib/ft] (see NOTE][ft] [1b/fi] CDR CDR  [Ib/t] CDR CDR

1 000 0.250 12376 NiA 2700 000 252632 N/A 20413 N/A N/A N/A
2 L50 0,500 2388.2 MN/A 2633 067 479383 N/A 0073 NIA N/A MIA
3 300 0.500 22723 NiA 2567 133 450308 N/A 19817 N/A NIA NIA
4 4350 0.500 21564 N/A 2500 200  41767.0 0 N/A 19360 N/A N/A N/A
5 .00 0.500 20404 MN/A 2433 267  38280.1 MNIA 18,761 MNiA MN/A M/A
6 7.50 0.500 1924.5 N/A 2367 333 349057 NA 18,138 N/A NfA N/A
T 900 0.500 1808.0 N/A 2300 400 3lo622  N/A 17507  NiA NiA N/A
& 1050 0,500 1692.6 N/A 2234 406 285497 N/A 16,867  N/A NIA H/A
9 12.00 0.500 1576.7 NiA 2167 533 255680 N/A 16.216  N/A NIA N/A
10 1350 0.500 1460.8 NiA 2000 600 227173 N/A 15552 N/A N/A N/A
11 1500 0,500 13448 MN/A 2034 H.66 1944975 WN/A 14870 N/A MN/A MN/A
12 16.50 0.500 1228.9 NiA 1267 733 174086 N/A 14.166  N/A NIA NIA
13 18.00 0.500 11130 N/A 1900 800 149500 N/A 13433 N/A N/A N/A
14 1950 0.500 o0 MN/A 18,34 566 126236 MNIA 12,661 MNiA MN/A MN/A
15 21.00 0.500 BE1.1 N/, 17.67 933 104219 NA 11.828  N/A NfA N/A
16 2250 0.500 T65.2 N/A 17.01 999 83376 N/A 10,922 NiA N/A N/A
17 24.00 0,500 6493 MN/A 16.34 1066 64243 N/A 9,895 MNiA MN/A MN/A
18 2550 0.500 5333 NiA 15.67 11.33 4621.8 NiA B.666 NiA NIA N/A
19 27.00 0.500 4174 NiA 15001 1199 29503 N/A 7.068 NIA N/A N/A
20 2850 0.500 2593 MN/A 14.34 12.66 14097 NIA 5437 WA MN/A WA
21 29.50 0.250 149.5 NIA 13.90 13,10 227.7 N/A 1.524 NiA N/A N/A
Example Problem | Page [Dof 11
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

MSEW -- Mechanically Stabilized Earth Walls

Present DateTione: Wed fug 03 14:45:38 2022
iy WA i AR Vi SR b WS Vv T Yoo i
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Example Problem 1
Csers damict Deoskiop IDEAMSE Wall Design ExsmplcsiProblom | Final_Review GS012022 BENp
A AP P o A PR . e L i B i 5 e 01 V85

RESULTS for CONNECTION (static conditions)
Live Load ineluded in caleulating Tmax

#  Geognd Connection Reduction  Reduction  Available Available CDR [elid
Elevatiorforce, To  factor for  factor for  connection Geogrid connection Gieogrid Product
[fi) [Ibiit] cotnection conmection strength strength, strength strength e

(shori-term {long-term Tavailable

strength)  strength) [Ihiti] Specified  Actual Specified  Actual

CRult CRer [Ibit]
I 000 238 0.82 0.57 6108 7524 N/A 123 N/A 20XT 25%
2 L350 2388 0.82 0.57 GI08 7524 N/A 128 N/A 20XT 50%
3 300 2272 .82 0.57 G108 7524 MN/A 1.34 N/A 20T 50
4 450 2156 0.82 0.57 6108 7524 N/A S 142 N/A 20XT 50%
50600 2040 0.82 0.57 6108 7524 N/A 150 N/A 20XT 50%
6 750 1924 082 057 G108 7524 N/A 1.59 N/A 20T 500
T 900 1809 0.82 0.57 G108 7524 N/A  L69 MN/A 20XT 50%
& 1050 1693 0.82 0.57 6108 7524 N/A 18D N/A 20XT 50%,
b 12.00 1577 .52 (L37 al08 7524 N/A 1.94 N/A 20XT 50
10 13.50 1461 0.82 0.57 6108 7524 N/A 209 N/A 20XT 50%
11 1500 1345 0.82 0.57 GI08 7524 N/A 227 N/A 20XT 50%
12 1650 1229 .82 0.57 G108 7524 N/A 249 N/A 20T 500
13 18.00 1113 0.82 0.57 4214 5215 N/A - LE9 NIA 10XT 50%
14 19.50 997 0.82 0.57 4214 5215 N/A 211 N/A 10XT 50%
15 21.00 HH] 082 057 4214 5215 N/A 239 N/A 10XT 50%:
16 2250 765 0.82 0.57 4214 5115 MN/A 275 MN/A 1OXT 50%
17 2400 649 0.82 0.57 4214 5215 MN/A 325 N/A 1OXT 500
18 2550 533 .52 (L37 4214 5215 N/A 393 N/A 10XT 50%,
19 27.00 417 0.82 0.57 4214 5215 N/A 505 N/A 10XT 500
20 2850 259 0.82 0.57 4214 5215 N/A B3 N/A 10XT 50%%
21 2550 149 .82 0.57 4214 5215 M/A TS N/A 10XT 253%

Example Problem |
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

MSEW -- Mechanically Stabilized Earth Walls
Present DateTione: Th Jan 09 11:57:06 2022
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

T AT o T T SRR T ST Ve BT T B T SR Toraen e e M Ve B R S HA T o W Ty W Vet PR P R Terien W T S R T S o R Trmm W e - T STH o U Vo

MSEW -- Mechanically Stabilized Earth Walls

Present DabeTione: Tha Jan €9 11:37.

sxample Problem 2
2022 Coilisersidamsel Doskiop IDEA MSE Wall Design Exampies\Problee 2_MS2Revicw BENp

SOIL DATA
REINFORCED SOIL
Unit weight, 135.0 Ib/ft *
Design value of internal angle of friction, ¢ EEN
RETAINED SOIL
Unit weight, ¥ 1200 Ih/ft
Design value of internal angle of friction, & 30.0°

FOUNDATION SOIL {Considered as an equivalent uniform soil)

Equivalent unit weight, ¥ cauiv. 120.0 Ib/ft *
Equivalent internal angle of friction, 30.0°
Equivalent cohesion, ¢ i 0.0 Ib/fi *

Water table does not affect bearing capacity

LATERAL EARTH PRESSURE COEFFICIENTS
Ka (internal stability) = 0,2827 {if batter is less than 107, Ka is calenlated from eq. 15, Otherwise, eq. 38 is utilized)
Inclination of internal slip plane, w=62.00°  (see Fig. 28 in DEMO 82,
Ka (external stability) = 0.5244  {eq. 17 is utilized to calculate Ka for all batters)
{ For external stability user specified 8 = 20,007 )
BEARING CAPACITY

Bearing capacity is controlled by general shear,
Bearing capacity factors {calculated by MSEW): Nc = 30.14 N y=22.40

SEISMICITY

Not Applicable

TG T R Tree e R Vreien UTT Vomar EBTR Ur i SRR Voo UEFSE Vyion VBT Ve R i G+ mioe VT Vo ST Vs R S W Vo URT o SR i ST o LRI Vi KIS Uy o S o ST Vo TR Vo R
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

MSEW -- Mechanically Stabilized Earth Walls ample Problem 2
Present Diate/Time: Wod Aug U3 15-18:58 2022 (C4iLsers danief Deskiog IDEAMSE Wall Design ExamplestPrablem 2 Tinal_Review 05112022 BENp
e e 0, G AP Y A R e A1 10 AP Vo P Gt 8 7 i S5 e . LB o B U o VTR Y Ul N 8 50 i A1 Vi

INPUT DATA: Geogrids
(Analysis)

DATA Geogrid Geogrid Geogrid Geogrid Geogrid
tvpe #1 fype #2 type #3 type #4 fype #5

Tult [h/f] a500.0 Q500.0 13705.0 13705.0
Durability reduction factor, RFd 1.15 1.15 1.15 1.15
Installation-damage reduction factor, RFid 10 .10 1.10 110
Creep reduction factor, RFe 1 .44 144 .44 | .44 NIA
CDR for strength N/A N/A N/A N/A
Coverage ratio, Re 0.250 f1.500 0.250 (1500
Friction angle along geogrid-soil interface, p 2835 28.35 2835 2835
Pullout resistance factor, F* 0.80tand  O80tand 080and  0.80-tand  N/A
Scale-effect correction factor,  « 1.0 1.0 1.0 1.0

Variation of Lateral Earth Pressure Coefficient With Depth

I K /K
z K /Ka )00 10 20 30
0 f 1.00
33 M 1.00 Ll
6.6 ft 1.00 '
9% f 1.00
3.1 f 1.00 3
16.4 ft 1.00
19.7 fi 1.00 16.4
26.2
128
Example Problem 2 Pagcof 11
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

MSEW -- Mechanically Stabilized Earth Walls

Present DateTime: Wed Aoy 03 153858 M22 Clsers damiel Deskiop IDEA'MSE Wall Design Examples'Problem 2 Final
o Ul Vi U Y SR T AW Vo AR b - i WAPH s U Y 0 Lo AT Yo WY o A Ko VT B o

o A | o M b AT Vi W B TR o WAL

Y T TR T ST e PR Ve R e T 1 Pt TR o D o T

ample Problem 2
cyicw (812022 BENG
A

T

INPUT DATA: Facia and Connection (according to revised Demo 82)
(Analysis)

FACIA type: Facing enabling frictional connection of reinforcement (e.g.. modular conerete blocks, gabions)
Depth/height of block is 2.33/1.50 fr, Horizontal distance to Center of Gravity of block is: 1,13 fi.
Average unit weight of block is; ve= 120,00 1b/ft 3

Top of wall
Z /1 Hd To-static / Tmax 7/ Hg ©.00 .
0.25
0.00 100
0.25 1.00 Al
050 1.00 0.75
.75 1.0 1.00
1.00 1.00

1.00 0,90 0.80 0.70 0.60 0.50
To-static / Tmax

Connection strength, T-1ot, 15 related to user specified T-lot

Geogrid Type #1 Geogrid Type #2 Geogrid Type #3 Geogrid Type #4 Geogrid Type #5
N-1 Tult-conn N-2  Tult-conn N-3 Tult-conn N-4  Tult-conn N-5  Tult-conn

0.0 BOE1.00 0.0 BOR1.00 0.0 13447.00 0.0 13447.00

60000 R6R1.00 OO0 B6R1.00 #4485 13447.00 60000 13447 .00) NiA

1 0000001.0.00 10000001.0.00 10000001.13447.00  10000001.13447.00

1 0000001.0.00 10000001.0.00 10000001.13447.00  10000001.13447.00

TOCOOOOT.000

TOMOOEO 0,00

TOMOOMOT 1344700

TOROO00T.13447,00

Gieogrid Type #1 Gieogrid Type #2 Geogrid Type #3 Geogrid Type #4 Gieogrid Type #5
[+ CRu o CRu a CRu o CRu s CRu
0.0 0.82 0.0 0.82 0.0 0.82 0.0 0.82

2575.1 042 2575.1 082 2575.1 (.42 2575.1 (.42 NIA

4291845.90.00
4291845.90.00
4291845.90.00

4291845.90.00
4291845.90.00
4291845.90.00

4291845.90.82
4291845.90.82
4291845.90.82

4291845.90.82
4291845.90.82
4291545.90.82

' 5 = Confining stress in between stacked blocks [1b/ft 2]
© CRult = Te-ult/ Tult
) CRer = Tere / Tult

D AT A (for connection only) Type #1 Type #2 Type #3 Type #4 Type #5
Product Name Miragrid .. Miragrid .. Miragrid .. Miragrid .. NiA
Connection strength reduction factor, RFd 1.15 1.15 1.15 1.15 MIA
Creep reduction factor, RFe WA N/A MNiA MIA NiA

Example Problem 2
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS
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MSEW -- Mechanically Stabilized Earth Walls Example Problem 2
Present DabeTime: Wed Ao 03 153858 2022 il sers donicl Dieskiop IDEA'MSE Wall Design Examples'Problom 2 TFinal_Beview (803N BERNp
L e AT 9 e Y o o 8 Yl o e e o P e B P s A 1 oL TR Py bt A e P8 LAY Y m i

INPUT DATA: Geometry and Surcharge loads (of a SIMPLE STRUCTURE)

Design height, Hd 30,00 [f] { Embedded depth is E = 2.00 fi. and height above top of finished
bottom grade is H = 28.00 ft }
Soil in front of wall is Horizontal.

Batter, o 5.0 [deg]
Backslope, 3 26,6 [deg]
Backslope rise 300 [fi] Broken back equivalent angle, 1= 26.57° (see Fig. 25 in DEMO 82)

UNIFORM SURCHARGE
Uniformly distributed dead load is 0.0 [Ib/ft ]

ANALYZED REINFORCEMENT LAYOQOUT:

SCALE:
02468 10[f]
e
Example Problem 2 PageSof 11
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

MSEW -- Mechanically Stabilized Earth Walls Example Problem 2
e e W PR iR PEARE Ol Dol e retlen el Ry QR R
AASHTO 2017-2020 — Load and Resisting Factors
INTERNAL STABILITY
Load factor for vertical earth pressure, EV: Y-k 1.35
Load factor for earthquake loads, EQ: Vo-rw 1.00
Load factor for live load surcharge. LS: Yp-Ls 1.75
(Same as in External Stability].
Load factor for dead load surcharge, ES: pelis 1.50
(Same as in External Stability).
Resistance factor for reinforcement tension [ Static Combined static/seismic
Geogrid: 0.90 1.20
Resistance factor for reinforcement tension in connectors [ Static Combined static/seismic
Geogrid: 0.90 1.20
Resistance factor for peosynthetic pullout [ 0.90 1.20
EXTERNAL STABILITY
Load factor for vertical earth pressure, EV Static Combined Static/Seismic
Sliding and Eccentricity Vv 1.00 YeEg 1.00
Bearing Capacity Yok 1.35 e 1.35
Load factor of active lateral earth pressure, EH Vern 1.50
Load factor of active lateral earth pressure during earthquake (does not multiply Fyp and Py ): (¥ pen )EQ 1.50
Load factor for earthquake loads, EQ (multiplies Py and Py ) V¥ opEg 1.00
Resistance factor for shear resistance along common interfaces Static Combined Statie/Seismic
Reinforced Soil and Foundation ' 1.00 1.00
Reinforced Soil and Reinforcement ¢ | 1.00 1.00
Resistance factor for bearing capacity of shallow foundation Static Combined Static/Seismic
b 0.65 0.65
Example Problem 2 Pagcbhof 11
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

MSEW -- Mechanically Stabilized Earth Walls Example Problem 2
D oA AR AP i e i AP B e S B e T B B e T e e
ANALYSIS: CALCULATED FACTORS (Static conditions)
Bearing capacity, CDR = 1.85, factored bearing load = 9205 Ih/fi?,
Foundation Interface: Direct sliding, CDR = 1.076, Eccentricity, /L =0.1551, CDR-overtuming = 2.17
GEOGRID CONNECTION
CDR Geogrid Pullout Direct  Eccentricity Product
#  Elevation Length Type [connection strength resistance  sliding el name
[ft] [ft] # strength] CDR CDR CDR
1 0.00 25.00 3 1.13 1.256 20324 1.194 0.1551  Miragrid 2..
2 1.50 2500 4 1.17 1.20% 200129 1.161 01398 Miragrid 2.,
3 300 25.00 4 1.23 1.358 20,017 1.191 0.1250  Miragrid 2.,
4 4.50 25.00 4 1.29 1.425 19.744 1.224 01105 Miragrid 2..
5 .00 25.00 4 1.35 14498 14,342 1.259 0.0965  Miragrid 2.,
[ 25.00 4 1.42 1.579 18.940 1.296 0.0828  Miragrid 2..
7 900 25.00 4 1.51 1669 18.547 1.335 0.0694  Miragrid 2..
8 1050 25.00 4 1.0 1.770 18164 1.376 0.0564  Miragrid 2.,
9 12.00  25.00 4 1.70 1.884 17.794 1.420 0.0436  Miragrid 2.,
10 1350 25.00 4 1.82 2.014 17.427 1.467 0.0311  Miragrid 2.,
11 1500 25.00 4 1.95 2.163 1700859 1.517 00187 Miragrid 2.,
12 16.50 2500 p 1.45 1619 16.773 1.570 0.0064  Miragrid 1.,
13 1800 2500 2 1.58 1.760 16.485 1626 -0.0059  Miragrid 1..
14 19.50 25.00 2 1.73 1.928 16.233 1.685 00183 Miragrid 1.,
15 2100 2500 2 1.91 2131 16.028 1.747 -0.0312 Miragrd 1.
16 2250 2500 2 214 2382 15.887 1.812 00448  Miragrid 1..
17 2400 2500 2 242 2690 15837 1878 -0.0595  Miragrid 1,
18 2550 2500 p 280 314 15.917 1.942 00760 Miragrd 1.
19 2700 2500 2 330 3681 16.200 2.001 00956  Miragrd 1..
200 2850 25.00 2 476 3300 19818 2048 01200 Miragrid 1,
21 2950 2500 1 3.56 3.96] 13.156 2181 -0.1409  Miragrd 1.
Example Problem 2 Page 7of 11
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS
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MSEW -- Mechanically Stabilized Earth Walls Example Problem 2
l‘r\.sn.m Din. 'Tm Wn.i augm 13:38: SR ’%JZ’ C: JlJ_\Jn:rs dmlrlDuklep"lDl.ﬂ 'tHL W.III Dr_slgu E: txru'llm thlan 2 I mal_ Rwlu\ M\M BERp
Rt i i e S M e L ks . S i o s Pt i B o s viste

BEARING CAPACITY for GIVEN LAYOUT - Using AASHTO 2017-2020 method

STATIC SEISMIC UNITS
{Water table does not affect bearing Lapactty}

Factored bearing resistance. q-n 17056 NiA [T/t *]
Factored bearing load, oy 9205.4 NI [kt 2]
Eccentricity, ¢ 2.74 NIA [ft]
Eccentricity, e/l G110 MNIA

CDR caleulated 1.85 NIA

Base length 25.00 NiA [ft]

Unfactored applied bearing pressure = (Unfactored R) /[ L - 2 * (Unfactored e) -
Unfactored R = 13108795 [Ib/ft], L = 25.00, Unfactored ¢=2.39 [fi], and Sigma = 6483.83 [Ib/ft *]

SCALE:
02468 10[f]
e
Example Problem 2 Pagc Rof 11
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

MSEW -- Mechanically Stabilized Earth Walls Example Problem 2

Present DateTione: Wed Aug 03 1523858 2022 CAlsers'damicl Dieskiop IDEA'MSE Wall Design Exsmples'Problem 2 Final Review G8003022 BERR
ey WA i AR Vi SR b WS Vv T Yoo i85 B Lrn BT R v WA~ i U Vi AP o T v A0S Yo M b B e W Yion W Vs SER

DIRECT SLIDING for GIVEN LAYOUT  (for GEOGRID reinforcements)

Along reinforced and foundation soils interface: CDR-static = 1.076

# Geogrid Geogrid CDR CDI. Geogrid
Elevation Length Static Seisn ic Type # Product name
[fi] [fi]
1 000 25.00 1.194 NiA 3 Miragrid 20XT
2 L50 25.00 1.161 NIA 4 Miragrid 20XT
3 3.00 25.00 1,191 NIA 4 Miragrid 20XT
4 450 25.00 1.224 N/ 4 Miragrid 20XT
3 600 25.00 1.259 NIA 4 Miragrid 20XT
6 750 25.00 1.296 MIA 4 Miragrid 20XT
T 900 25.00 1.335 NiA 4 Miragrid 20XT
& 10350 25.00 1.376 NiA + Miragrid 20XT
9 12.00 25.00 1,420 MIA 4 Miragrid 20XT
10 13.50 25.00 1.467 NiA 4 Miragrid 20XT
11 15.00 25.00 1517 NIA 4 Miragrid 20XT
12 16.50 25.00 1.570 NIA 2 Miragrid 10XT
13 18.00 25.00 1.626 N/ 2 Miragrid 10XT
14 19.50 25.00 1685 NIA 2 Miragrid 10XT
15 21.00 25.00 1.747 MIA 2 Miragrid 10XT
16 22.50 25.00 812 NiA 2 Miragrid 10XT
17 24.00 25.00 1B78 NiA 2 Miragrid 10XT
18 2350 25.00 1,942 MNIA 2 Miragrid 10XT
19 27.00 25.00 2.001 NiA 2 Miragrid 10XT
200 28.50 25.00 2.048 NIA 2 Miragrid 10XT
21 2550 25.00 2181 NIA 1 Miragrid 10XT

ECCENTRICITY for GIVEN LAYOUT

At interface with foundation: e/L static = 0.1551; Overturning: CDR-static = 2.17

#  Geogrid Geogrid e/l elL Geogrid
Elevation Length Static Seismic Type # Product name
[fi] [f]
1 000 25.00 0.1551 NiA 3 Miragrid 20XT
2 L350 25.00 1398 NIA 4 Miragrid 20XT
3 300 25.00 0.1250 NIA 4 Miragrid 20XT
4 450 25.00 01105 N/A + Miragrid 20XT
5 600 25.00 (L0965 NIA 4 Miragrid 20XT
6 750 25.00 0.0828 NiA 4 Miragrid 20XT
T 9.00 25.00 L0694 NiA L Miragrid 20XT
® 10.50 25.00 00564 MNIA 4 Miragrid 20XT
9 12.00 25.00 0.0436 NIA 4 Miragrid 20XT
10 13.50 25.00 0.0311 NiA < Miragrid 20XT
1T 15.00 25.00 OO187 MIA 4 Miragrid 20XT
12 1650 25.00 (L0064 NiA 2 Miragrid 10XT
13 18.00 25.00 -0.0059 NiA 2 Miragrid 10XT
14 1950 25.00 -0.0183 N/A 2 Miragrid 10XT
15 2100 25.00 -0.0312 NiA 2 Miragrid 10XT
16 2250 25.00 -0.044% NiA 2 Miragrid 10XT
17 24.00 25.00 -0.0595 MNIA 2 Miragrid 10XT
18 25.50 25.00 -0.0760 NIA 2 Miragrid 10XT
19 27.00 25.00 -0.0956 NiA 2 Miragrid 10XT
200 2850 25.00 -0,1201 MIA 2 Miragrid 10XT
21 29.50 25.00 -0.1409 NIA 1 Miragrid 10XT
Example Problem 2 Page 9 of 11
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

MSEW -- Mechanically Stabilized Earth Walls Example Problem 2
D oA AR AP i e i AP B e S B e T B B e T e e
RESULTS for STRENGTH
Live Load included in caleulating Tmax
# Geogrid Factored Factored  Tmd Specified Actual Specified Actual
Elevation LTDS Tmax minimum calculated  minimum calculated Product
CDR CDR CDR CDR name
[ft] [1b/ft] [Th/ft] [Ib/ft] Static Static seismic seismic
1 000 16928 13477 NiA NIA 1.256 NiA NiA Miragrid 2..
2 .50 33K56 26008 4 WA NIA 1.29% N/A N/A Miragrid 2.,
3 300 33856 2492.5 WNiA N/A 1.358 NiA MNiA Miragrid 2.,
4 4350 338506 2376.6 NiA N/A 1.425 NiA MNIA Miragrid 2..
5 .00 EXT X 22606 N/A NIA 1.49% M/A MN/A Miragrid 2.,
6 7.50 33856 2144.7 NIA NiA 1.579 NiA MN/A Miragrid 2.,
T 900 33856 2028.8 NiA NIA 1669 NiA MN/A Miragrid 2..
] 10.50 33850 1912.9 MN/A NA 1.770 M/A MN/A Miragrid 2.,
9 12.00 33856 1796.9 NiA N/A 1.884 NiA MNiA Miragrid 2.,
10 1350 33856 1681.0 NiA NIA 2014 NiA NiA Miragrid 2..
11 1500 33K56 1565.1 WA NIA 2163 N/A N/A Miragrid 2.,
12 16.50 2346.8 1449.1 NI/A N/A 1.619 NiA NIA Miragrid 1.,
13 18.00 2346.8 13332 NiA N/A 1.760 NiA MNIA Miragrid 1..
14 19.50 23468 1217.3 N/A NIA 1.4928 M/A MN/A Miragrid 1..
15 21.00 2346.8 1101.3 NIA N/A 2.131 NiA MN/A Miragrid 1.,
16 2250 2346.8 0854 NiA NIA 2382 N/A N/A Miragrid 1..
17 2400 2346.8 BH9.5 MNiA NiA 2.699 N/A MNIA Miragrid 1..
18 2550 2346.8 7535 NiA N/A 114 NiA MNiA Miragrid 1..
19 27.00 2346.8 637.6 NiA NIA 1681 NiA MNiA Miragrid 1..
20 2850 33468 442 % WA NIA 5300 N/A N/A Miragrid 1.,
21 29.50 1173.4 2063 NiA NIA 3.961 NiA NiA Miragrid 1..
RESULTS for PULLOUT
Live Load included in caleulating Tmax
Factored: Stat./Seis.
#  Geognd Coverage  Tmax Tmd Le La  Avail Static  Specified  Actual Avail Seism. Specified Actual
Elevation  Ratio Pullout, Pr ~ Static Static Pullout, Pr seismic  seismic
[fi] [Ihft] [Iift]  [fi] [ft] [/ fi] CDR CDR  [Ibfi] CDR CDR

1 000 0.250 13477 NiA 2500 000  27390.8  N/A 20324 N/A NIA N/A
2150 0.500 26084 NiA 2433 067 525056 N/A 20129 N/A N/A N/A
3 300 0,500 244925 MN/A 2367 133 498918 N/A 2000017 N/A N/A N/A
4 450 0.500 2376.6 NiA 2300 200 469227 N/A 19744 N/A NIA NIA
5 600 0.500 2260.6 N/A 2233 267 437258 N/A 19342 N/A N/A N/A
o 7.50 0.500 21447 MN/A 2167 333 406219 MNIA 15,940 N/A MN/A M/A
T 900 0.500 2028.8 N/A 2100 400 376286 N/A 18.547 N/A NiA NiA
& 1050 0.500 19129 N/A 2034 466 347459 N/A 18164  NiA NiA N/A
b 12.00 0,500 1796.9 MN/A 1967 533 319739 NIA 17,794 N/A MN/A MN/A
1o 1350 0.500 1681.0 NiA 1900 600 292952  N/A 17427 N/A NIA N/A
11 1500 0.500 15651 NiA 1834 666 267453 WA 17080 WA N/A N/A
12 16.50 0,500 14441 MN/A 1767 733 24306.1 WN/A 16,773 MN/A MN/A MN/A
13 18.00 0.500 13332 NiA 17.00 800 219775 NA 16,485 N/A NIA NIA
14 19.50 0.500 1217.3 N/A 16,34 Boo 197596 N/A 16233 N/A N/A N/A
15 21.00 0.500 1101.3 MN/A 1567 933 176523 MNIA 16,028 N/A MN/A MN/A
16 22.50 0.500 9854 N/A 1501 999 156556 N/A 15887 N/A NiA NiA
17 24.00 0.500 #69.5 N/A 14.34 1006 137696 N/A 15837  NiA N/A N/A
18 25.50 0,500 7535 MN/A 13.67 11,33 119942 NIA 15917 N/A MN/A MN/A
19 27.00 0.500 637.6 NiA 13.01 1199 103295 N/A 16,2000 N/A NIA N/A
20 2850 0.500 4428 NiA 1234 1266 B7754 N/A 19818 N/A N/A N/A
21 2950 0,250 2063 MN/A 11.90 13,10 38977 NIA 13,156 N/A MN/A WA
Example Problem 2 Page [Dof 11
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APPENDIX: 2.2.2 MSE WALL EXAMPLE CALCULATIONS

MSEW -- Mechanically Stabilized Earth Walls Example Problem 2
P e B I i e PR IOARRE WAl Dt g etlen B Pl e R NN
RESULTS for CONNECTION (static conditions)
Live Load ineluded in caleulating Tmax
#  Geognd Connection Reduction  Reduction  Available Available CDR [elid
Elevatiorforce, To  factor for  factor for  connection Geogrid connection Gieogrid Product
[fi) [Ibiit] cotnection conmection strength strength, strength strength e

(shori-term {long-term Tavailable

strength)  strength) [Ihiti] Specified  Actual Specified  Actual

CRult CRer [Ibit]
I 000 1348 0.82 0.57 6108 7524 N/A L3 N/A Miragrid 2..
2 L50 2608 0.82 0.57 GI08 7524 N/A  LIT N/A Miragrid 2..
3 3000 2493 .82 0.57 G108 7524 N/A 1.23 N/A Miragrid 2..
4 450 2377 0.82 0.57 6108 7524 N/A 129 N/A Miragrid 2..
5 600 2261 0.82 0.57 6108 7524 N/A 135 N/A Miragrid 2..
6 7500 2145 082 057 G108 7524 M/A 1.42 N/A Miragrid 2.,
T 900 2029 0.82 0.57 G108 7524 M/A L5 MN/A Miragrid 2.,
& 1050 1913 0.82 0.57 6108 7524 N/A  Lab N/A Miragrid 2..
b 12.000 1797 .52 (L37 al08 7524 N/A 1.70 N/A Miragrid 2..
10 13.50 1681 0.82 0.57 6108 7524 N/A 182 N/A Miragrid 2..
11 1500 1565 0.82 0.57 GIO8 7524 N/A 195 N/A Miragrid 2..
12 1650 1449 .82 0.57 4214 5215 MN/A 1.45 N/A Miragrid 1..
13 18.00 1333 0.82 0.57 4214 5215 N/A L8 NIA Miragrid 1..
14 1950 1217 0.82 0.57 4214 5215 N/A LT3 N/A Miragrid 1..
15 2100 1101 0.82 057 4214 5215 MN/A 1.91 N/A Miragrid 1.,
16 2250 985 0.82 0.57 4214 5115 N/A 214 MN/A Miragrid 1.,
17 24.00 869 0.82 0.57 4214 5215 N/A 242 N/A Miragrid 1..
18 2350 754 .52 (L37 4214 5215 N/A 280 N/A Miragrid 1..
19 27.00 638 0.82 0.57 4214 5215 N/A - 330 N/A Miragrid 1..
20 2850 443 0.82 0.57 4214 5215 N/A 476 N/A Miragrid 1..
21 2950 296 .82 0.57 4214 5215 N/A 3.56 N/A Miragrid 1.
Example Problem 2 Page [1of 11
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APPENDIX: 3.1.2 INSTALLATION GUIDE

1. PURPOSE

This manual is intended to serve as a guide for the proper installation and construction of a Redi-Rock® retaining wall.
The recommendations and guidelines presentecd here are intended to supplement detailed construction documents,
plans, and specifications for the project.

2. RESPONSIBILITIES

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 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. Their specific responsibilities for compliance are as follows:

CONTRACTOR

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

ENGINEER OR OWNER'S REPRESENTATIVE

The Engineer or Owner's Representative is responsible for construction review to assure that the project is being
constructed according to the contract documents (plans and specifications). The representative shall fully understand
the project plans and specifications and shall perform adequate field verification checks to ensure construction is in
conformance with the project requirements. The presence of the Engineer or Owner’s representative does not relieve
the Contractor of their responsibilities for compliance with the project plans and specifications.

REDI-ROCK LICENSED MANUFACTURER

Redi-Rock blocks are produced by independently-owned licensed manufacturers. The manufacturer is responsible
for the production and delivery of Redi-Rock units to the job site in accordance with published material quality,
size tolerances, construction documents, plans, and specifications. The licensed manufacturer is responsible for
adherence to any project specific QA/QC requirements for the production of precast concrete retaining wall units.
Often, additional services—such as installation training classes—are available through the Redi-Rock manufacturer.
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3. PRE-CONSTRUCTION CHECKLIST

Before you start construction of a Redi-Rock wall, take the time to complete necessary planning and preparation.
This process will help ensure a safe, efficient, and quality installation. It will also help avoid costly mistakes.

[ SAFETY
Safety is of primary concern to Redi-Rock Intemational. Redi-Rock walls must be installed in a safe manner. All
local, state, and federal safety regulations must be followed. In addition, Redi-Rock Intemational greatly encour-
ages installers to set up company programs to help their people stay safe at work. These programs should
address items such as: personal protective equipment, maintaining safe slopes and excavations, fall protection,
rigging and lifting, and other safety precautions. Safety-training materials specific to your company can be found
at www.osha.gov, by calling 1-800-321-OSHA (6742), or from your local government safety office.

[J ENGINEERING AND PERMITS

Obtain necessary engineering and permits for your project. Your local building department is an excellent
resource to help determine the requirements for your project.

This installation guide is intended to supplement a detailed, site-specific wall design prepared for
your project by a Professional Engineer. The construction documents for your project supersede
any recommendations presented here.

0 REVIEW THE PROJECT PLANS
Take the time to review and understand the project plans and specifications. Make sure that the plans
take into account current site, soil, and water conditions. Pay close attention to silty or clayey soils and
ground water or surface water on the site as these can significantly increase the forces on the wall. A
pre-construction meeting with the wall design engineer, construction inspector, wall contractor, and owner
or representative is recommended.

[] CONSTRUCTION PLANNING

Develop a plan to coordinate construction activities on your site. Make sure your plan specifically addresses
how to control surface water during construction.

LJUTILITY LOCATION
Make sure to have underground utilities located and marked on the ground before starting any construction.
Call 8-1-1, go online to www.call811.com, or contact your local utility company to schedule utility marking
for your project site.
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[IMATERIAL STAGING
Store Redi-Rock blocks in a location close to the proposed wall. Blocks should be kept clean and mud free.
Blocks should also be stored in a location which will minimize the amount of handling on the project site.

Store geegrid in a clean, dry location close to the proposed wall. Keep the geogrid covered and avoid
exposure to direct sunlight.

Be careful where you stockpile excavation and backfill material. Do not stockpile material over buried utility
pipes, cables, or near basement walls which could be damaged by the extra weight.

[ MATERIAL VERIFICATION

Material planned for use as drainage aggregate between and behind Redi-Rock blocks and structural backfill
material proposed for use in the reinforced soil zone of mechanically stabilized earth walls must be inspected
and verified to comply with requirements of the construction documents, plans, and specifications.

[JEQUIPMENT
Make sure you have the proper equipment to handle Redi-Rock blocks and install the wall. Redi-Rock blocks
are quite large and heavy. Make sure excavators and other construction equipment are properly sized to
handle the blocks safely. (Figure 1)

Hand-operated equipment should include, at a minimum: shovels, 2-foot (0.6-meter] level, 4-foot (1.2-meter)
level, broom, hammer, tape measure, string, spray paint, laser level, pry or Burke bar, walk-behind vibratory
plate compactor (capable of delivering a minimum of 2000 Ib (8.9 kN) centrifugal force), and a 16-inch
(408-millimeter) concrete cut-off saw. (Figure 2)

Personal protective equipment should include, at a minimum: appropriate clothing, steel toe boots with
metatarsal protection, eye protection, hard hat, gloves, hearing protection, fall protection rigging, and other
items as necessary to ensure a safe working environment.

Figure 1 Figure 2
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4. SUBGRADE SOILS

Proper base preparation is a critical element in the construction of your retaining wall. Not only is it important to
provide a stable foundation for the wall, but a properly prepared base will greatly increase the speed and efficiency
of your wall installation. Proper base preparation starts with the subgrade soils.

Existing soils must be removed to the bottom of the leveling pad elevation for the retaining wall.

The base and back of excavation should expose fresh, undisturbed soil or rock. Remove all organic, unsuitable, and
disturbed soils that “fall-in” along the base of the wall or the back of the excavation. Always provide safe excavations
in accordance with OSHA requirements.

The subgrade soil (below the leveling pad) should be evaluated by the Engineer or Owner’s Representative to verify
that it meets the design requirements and to determine its adequacy to support the retaining wall. Any unsuitable
material shall be excavated and replaced as directed by the on-site representative and per the requirements of the
contract drawings, plans, and specifications.

Subgrade soils must be compacted 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). (Figures 3 and 4)

Figure 3

Figure 4
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5. LEVELING PAD

Base preparation continues with proper leveling pad construction. Redi-Rock retaining walls can be designed
with an open-graded crushed stone, dense-graded crushed stone (GAB), or concrete leveling pad which sup-
ports the bottom row of blocks. The choice of which type of leveling pad to use is made by the wall design
engineer and depends on several factors including the bearing capacity of the native soil, location of the drain
outlet, and conditions at the base of the wall.

Open-graded crushed stone is typically used in cases where the wall drain can outlet to daylight (by gravity)
somewhere below the elevation of the bottom of the leveling pad. (Figure 6A) The material should be 1-inch
(25-millimeter) diameter and smaller stone. A crushed stone meeting the gradation requirements of ASTM No. 57
with no material passing the No. 200 (74 pm) sieve is preferred. The leveling pad thickness shall be as designed
by the wall design engineer. A minimum thickness of 6 inches (152 millimeters) or 12 inches (305 millimeters) is
common. The leveling pad should extend at least 6 inches (152 millimeter) in front and 12 inches (305 millimeters)
behind the bottom block. Make sure to check your construction documents for details.

Dense-graded crushed stone or graded aggregate base (GAB) material is typically used in cases where the
wall drain can only outlet to daylight somewhere above the bottom of the leveling pad. (Figure 6B) The material
should be dense-graded crushed stone with between 8 and 20% “fines” which will pass through a No. 200 (74
pum) sieve. The leveling pad thickness shall be as designed by the wall design engineer. Minimum dimensions
are the same as those for an open-graded crushed stone leveling pad.

The leveling pad material should be placed and compacted to provide a uniform, level pad on which to construct
the retaining wall. (Figure 5) Proper elevation can be established with a laser level or transit. You can also set two
20" (6 m) long grade (screed) pipes to the desired grade and screed the crushed stone material between the pipes.

Figure 5
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Figura &

Flace the stone leveling pad in uniform loose lifts a maximum
of 6 inches (152 millimeter) thick. Consolidate the stone with
a minimum of three passes with a 24-inch {610-millimeter)
wide walk-behind vibrating plate compactor capable of deliv-
ering at least 2000 pounds (8.9 kN) of centrifugal force. This
should achieve 85% relative density of the stone determined
in accordance with ASTM D-4253 and D-4254. In place den-
sity of the stone fill should be confinmed using ASTM D-6938.
If you don't achieve a minimum of 85% relative density, place
the stone in smaller lifts or apply more compaction effort
until you do achieve desired density of the stone.

A.Open Graded Stone Leveling Pad

Unless specifically included in the design calculations, do
NOT place a thin layer of sand between the leveling pad and
bottom block. This layer will reduce the sliding resistance
between the leveling pad and bottom block.

In some cases, the wall design requires the construction of
a concrete leveling pad. (Figures 6C and 6D) Construct the
leveling pad according to the detailed plans for your project. B. Dense Graded Stone Leveling Pad

iE=llE=lE=ls

Some designs require a shear key in the bottom of the footing
and/or a lip in front of the Redi-Rock blocks. These items
would be shown in the project plans.

If steel rebar is fo be placed in the footing. secure the bars
together with wire ties in the pattern shown in the construction
documents. Use rebar supports to hold the rebar structure in
the proper position in the footing.

Place wood formwork at the front and back of the concrete
leveling pad or footing. The top of the formwork should be
placed at the elevation of the top of the concrete footing so
you can screed the top smooth in preparation for block place-
ment. It is important that the top surface be smooth and level
for full contact of the retaining wall blocks. Place concrete Pl
as specified in the wall design. Once the concrete has been Ede
allowed to cure to the minimum specified strength, place the -
bottom blocks and continue construction of the retaining wall.

D. Reginforced Concrete Leveling Pad
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6. SETTING THE BOTTOM ROW OF
WALL BLOCKS

Redi-Rock blocks are typically delivered to the construction site using a flatbed trailer or boom truck. (Figure 7)
Rubber tired backhoes, loaders, skid steers, or excavators are used to set the retaining wall blocks. (Figure 8)
Make sure to use the proper sized equipment to handle the large blocks. All lifting chains, rigging, or slings must
be OSHA compliant and safety rated for proper working loads.

Properly mark the location of the retaining wall. A string line or offset stakes are typically used to estab-
lish horizontal and vertical alignment. If offset stakes are used, the stakes should be placed at least 5 feet
(1.5 meters) but no more than 10 feet (3 meters) in front of the face of the retaining wall. A stake should be
provided at every elevation change and at a maximum of 50 feet (15 meters) apart.

Wall construction should start at a fixed point such as a building wall, 90° corner, or at the lowest
elevation of the wall.

Place the blocks on the prepared leveling pad. Blocks shall be placed in full contact with the leveling pad and
other immediately adjacent block units. (Figure 9) 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 inches
(127 millimeters) back from the front face. (Figure 10)

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

Place and compact backfill 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.

Figure 7 Figure 8
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Place an 18 inch x 12 inch (457 millimeter x 305 millimeter) piece
of non-woven geotextile fabric in the vertical joint between the
blocks to prevent the drainage aggregate and backfill matenal from
migrating through the vertical joints between blocks. (Figure 11)

Place washed drainstone or open-graded crushed stone backill
between blocks and at least 12 inch (305 millimeter) behind the ;
wall. A stone meeting the gradation requirements of ASTM No. 57 ' Figure 8
with no material passing the No. 200 {74 pm) sieve is preferred.
Place the stone in uniform loose lifts a maximum of 8 inches
(157 millimeter) thick. Consolidate the stone with a minimum of
three passes with a 24-inch (610 millimeter) wide, walk-behind,
vibrating plate compactor capable of delivering at least 2000 Ib
(8.9 kN) of centrifugal force. (Figure 12) This should achieve 85%
relative density of the stone determined in accordance with ASTM
D-4253 and D-4254. In place density of the stone fill should be
confirmed using ASTM D-6938. If you don't achieve a minimum £
of 85% relative density, place the stone in smaller lifts or apply Figure 10
more compaction effort until you do achieve desired density of
the stone.

Flace non-woven geoctextile fabric between the drainstone and
the remaining backfill material if specified.

Backfill behind the drainage aggregate with material as spec-
ified in the project construction documents. Place the lifts as
specified, but not to exceed 9 inches (229 millimeter) maximum.
Granular backfill shall be compacted to a minimum of 90% max-
imum density at + 226 optimum moisture content as determined
by a modified proctor test (ASTM D1557). Use proper equipment Figure 11
to insure complete compaction of the backfill material. It may be
necessary to wet or dry the backfill material, place the material
in smaller lifts, and/or apply more compaction effort to reach
90% maximum density. Do not use any organic, topsoil, frozen,
soft, wet, or loose soils when backfilling the wall.

Re-check all units for level and alignment and sweep the top
of each course of blocks clean before starting construction
of the next course. Figure 12
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7. INSTALLING THE WALL DRAIN

A drain is placed behind the Redi-Rock wall blocks at the lowest elevation where the pipe can safely outlet to
daylight. Drainage aggregate should be placed to the bottom of the drain as shown in the construction docu-
ments. A 4-inch {102 millimeter) perforated sock drain is commonly used for the drain pipe. Often the drain is
encapsulated with drainage aggregate and wrapped with a non-woven geotextile fabric. The drain should run
the entire length of the wall and needs to have proper outlets on the ends and at regularly spaced points along
the wall. Solid pipe should be used for weep hole outlets through the face or under the retaining wall. (Figure 13)

Care needs to be taken during installation to avoid crushing or damaging the drain pipe or outlets.

8. SETTING UPPER ROWS OF WALL
BLOCKS

Once the backfill is fully placed and compacted for the block course below, place the next row of blocks in a running
bond configuration with the vertical joint of the lower block units centered under the mid-point of the block units
above. If needed, a half block can be used at the end of every other row to maintain a running bond. (Figure 14)

Push the Redi-Rock blocks forward until the groove on the bottom of the block comes in full contact with the
knobs on the blocks below. Adjacent blocks shall be placed with their front edges tightly abutted together.

Place non-woven geotextile fabric in the vertical joint between the blocks, and place and compact the drainage
aggregate and backfill material the same way you did for the bottom row.

Never install more than one course of blocks without placing and compacting drainage aggregate and backfill
to the full height of the block units. Placing multiple courses of blocks without backfill will prevent the proper
placement and consolidation of the drainage aggregate between the blocks.

Figure 13 Figure 14
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9. INSTALLING GEOGRID FOR MECHAN-
ICALLY STABILIZED EARTH WALLS

Redi-Rock blocks are designed to allow you to build relatively tall non-reinforced (or gravity) walls which use the weight
of the blocks to provide stability. However, for some projects you may need to build even taller walls. 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 are 12-inch (305-millimeter) 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.

Itis critical that you only use factory cut strips of Mirafi geogrid that are certified by TenCate
Mirafi for width and strength. Field cutting strips of geogrid from larger rolls can significantly
degrade the capacity of the wall system and is not allowed. Geogrid strips are only available
through a Redi-Rock Manufacturer. (Figure 15)

Verify that you have the correct geogrid material and then cut the individual strips
to the required length. The distance a geogrid strip must extend into the reinforced
soil zone (design length) is measured from the back of the block to the end of the
geogrid. Since the geogrid wraps through the block, the actual cut length of a given
geogrid strip is two (2) times the design length plus enough additional geogrid to
wrap though the block. For the Redi-Rock 28-inch (710-millimeter) PC blocks, the
cut length is two (2) times the design length plus 3 feet (0.9 meters).

Inspect the Redi-Rock PC blocks for any concrete flashing or sharp edges in F
the slot and groove through the block. Remove any flashing and grind smooth any sharp edges which could
damage the geogrid reinforcement.

Place the geogrid strip in the vertical core slot from the bottom of the block and pull approximately half of the
length of the strip up through the core slot. Measure from the back of the block unit to the required design length
and pin the bottom leg of the geogrid strip with staples, stakes, or other appropriate methods. Pull the geogrid
strip tight to remove any slack, wrinkles, or folds. Secure the geogrid firmly in place by putting a pin through the
geogrid and the steel lifting insert which is located in the recessed area on the top of the PC block {Figure 16) or
placing drainage aggregate in the vertical core slot.

Figure 16
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Place drainage aggregate between and behind the blocks. (Figure 17) Place the stone in uniform loose lifts as
required in the project plans and specifications. Consolidate the stone between the blocks by hand tamping.
Make sure to tamp stone into the ends of the groove on the bottom of the Redi-Rock PC blocks. Consolidate
the stone behind the blocks with a minimum of three passes with a 24-inch (610-millimeter) wide walk-behind
vibrating plate compactor capable of delivering at least 2000 Ib (8.9 kN) of centrifugal force. Provide further
compaction 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.

Figure 17

Place a strip of non-woven geotextile fabric between the drainage aggregate and the reinforced soil zone if specified.

Place the reinforced soil zone material in uniform loose lifts as required in the project plans and specifications.
Reinforced soil zone material must be compacted to a density as specified in the contract documents, plans, and
specifications but not less than 90% maximum density as determined by a modified proctor test (ASTM D1557).

Begin compaction at the back of the wall blocks and proceed to the embedded end of the geogrid strip
using care to maintain the reinforcement strip in a level, taut condition oriented perpendicular to the back
of the block unit to which it is attached.

Use hand operated compaction equipment within 3 feet (1 meter) of the back of the PC blocks. Heavier equip-
ment can be used beyond 3 feet (1 meter) away from the PC blocks. Tracked construction equipment must not
be operated directly on the geogrid strip reinforcement. A minimum fill thickness of 6 inches (150 millimeter) is
recjuired 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.
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After placing and properly compacting backfill to the elevation of the geogrid strip at the top of the block,
extend the top leg of the geogrid strip to the design length required. Pull the geogrid strip tight to remove
any slack, wrinkles, or folds. (Figure 18) Pin the top leg of the geogrid strip with staples, stakes, or other
appropriate methods to hold it in place and keep the geogrid strip taut.

Figure 18

Fill the center slot in the PC blocks with drainage aggregate. Be careful to keep the grid flat against the back
of the slot in the PC block and prevent any stone from lodging between the geogrid and the concrete block.
Fill the vertical core slot completely with drainage aggregate. Consclidate the drainage aggregate by hand
tamping. Use a broom to sweep clean the top of the blocks, Do not operate a walk behind vibratory plate
compactor on top of the Redi-Rock PC blocks.

Place retained soil 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. Compact retained soil 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 inches (457 millimeters).

Continue construction in a similar fashion to the top of the wall. (Figure 19)

Figure 19
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10. XL HOLLOW-CORE RETAINING
BLOCKS

The greater width of XL blocks allows gravity walls to be built to greater height, while the greater individual block
heights means that each block creates more area of wall face. XL block retaining wall installation generally
follows the procedures of other Redi-Rock products, with a few differences.

Following the general procedures of sections 1 to 9, prepare the subgrade soils and place the leveling pad. The
required leveling pad thickness will depend on the design by the wall design engineer, but will generally be a
minimum of 12 inches (305 mm) thick.

Use appropriately-rated rigging fastened to the three lift hooks (one in the middie and two in the back of the
blocks) and suitable heavy equipment to lift blocks into place. Place the first row of blocks to the correct line
and grade. Just as with other Redi-Rock products, extra attention to ensure the first row of blocks is level and
installed to the correct line and grade will save effort later as the installation proceeds.

Place two 18-inch (457 mm) by 18-inch (457 mm) pieces of non-woven geotextile fabric in each vertical joint
between blocks — 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 backiill material from migrating through the vertical joints at the blocks’
face. Place washed drainstone or open-graded crushed stone backfill into the hollow cores of the blocks and
between blocks in lifts of no more than 9 inches (230 mm) deep. Compact each lift by tamping until no further
consolidation occurs with a soil tamper or other similar method. Strike off the top and sweep the upper surface
of the blocks so the next row will sit cleanly on the lower row.

Monwoven
/,_:-" geotextile at face
; J."
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Due to the high percentage of open-graded stone within and between blocks, a drainage course behind the
blocks is not required, but may be desirable to ease compaction of backfill and improve drainage. Place a layer
of nonwoven geotextile fabric between the back of blocks {or drainstone layer, if used) and retained backfill.

Place and compact backfill as described above and repeat as necessary to reach the required height. Finish
the top of wall with one or more rows of 18-inch (457 mm) high retaining blocks or freestanding blocks.

491
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11. SPECIAL FEATURES

Some walls require special features such as curves, corners, top of wall details, details for elevated groundwater
applications, and other details. Refer to the construction documents, plans, and specifications for details to
construct these features. Additional general reference construction details are available on the Redi-Rock
website, redi-rock.com.

e

Figure 21

Figure 22

Figure 23
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12. IMPORTANT NOTES

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.

Do not exceed the allowable construction tolerances specified in the contract documents, plans, and specifi-
cations. At no time should tolerances at the wall face exceed 1° vertically and 17 in 10° (1:120) horizontally.

Immediately report the following site conditions, if encountered, to the Engineer or Owner’s representative to
determine the corrective action needed:

+ Any observed groundwater seepage.

+ Surface water run-off directed toward the retaining wall during construction.
» Erosion or scour of material near the wall.

+ Ponded water near the wall.

« Wet, soft, or easily compressible soils in the foundation zone.

- Existing rock that differs in location from that shown on the project plans or rock located above the elevation
of the bottom of the leveling pad.

+ Existing or proposed toe or crest slopes that differ from typical cross-sections shown in the project plans.
- Any other itemns not specifically mentioned which raise questions or cause concems during wall construction.

Immediately implement any corrective action before resuming wall construction.
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13. FREESTANDING WALLS

Redi-Rock freestanding wall blocks have facing texture on two or three sides. They are used in applications
where two or three sides of the wall are visible. Freestanding blocks can be installed as “stand alone” walls,
such as perimeter walls or fences. They can also be designed and installed as the finishing top courses on a
Redi-Rock retaining wall.

Freestanding wall installation is similar to that for Redi-Rock retaining walls. The main exception is that there is
typically no backfill material behind the freestanding walls. Even though there is no backfill acting on the walls,
freestanding walls need to be properly engineered. They require adequate stability at the base of the wall and
they need to resist any applied forces such as wind loads or forces from railings or fences.

If you are building a “stand alone” freestanding wall, prepare the subgrade soils and leveling pad as described
previously. Place bottom blocks on the leveling pad. A 6 inch (152 millimeter) minimum bury on the bottom
block is typical. Extra bury may be required for some projects. Middle and top blocks are placed directly on
top of the bottom blocks with no batter.

If you are building a freestanding wall on the top of a Redi-Rock retaining wall, end the last row of retaining wall
blocks with a middle block. The size of the knob on top of the |ast row of retaining wall blocks will establish the
setback for the first row of freestanding blocks. Retaining blocks with a 10-inch (254-millimeter) diameter knob
will produce a 2 7/8 inch (73 millimeter) setback between the retaining block and the first freestanding block. If
the retaining blocks have a 7 ¥ inch (190 millimeter) diameter knob, the setback between the retaining block
and the first freestanding block will be 1 5/8 inches (41 millimeters). Be sure to contact your local Redi-Rock
manufacturer to determine availability of blocks with different knob sizes.

Begin and end freestanding walls with full or half Corner blocks.

Freestanding walls are installed plumb with no batter.

Variable radius freestanding blocks with a4 inch x 12
inch (102 millimeter x 305 millimeter) pocket in one or
two ends of the block are used to make curved walls.
Field cut the relatively thin face texture on the ends
of the variable radius blocks as needed to make the
desired radius for your wall. (Figure 24)

Colored foam “Backer Rod” can be used to fill any small

gaps which may occur between the blocks when install-
ing walls. Backer rods can be purchased from cencrete

supply centers, Call your local Redi-Rock manufacturer
for help locating foam backer rods for your project.

Figure 24
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14, MAGIC BLOCK HOLLOW-CORE
FREESTANDING WALLS

Redi-Rock Magic Block freestanding hollow-core units are stacked, similar to other Redi-Rock freestanding
blocks, but then filled with concrete. Freestanding Hollow-Core Blocks work well for freestanding barriers, and
can also be utilized for cantilever retaining walls.

CANTILEVERED WALLS

For many applications, the Freestanding Hollow-Core Blocks will be supported by a reinforced concrete footing.
Prior to placing the footing, layout the wall to determine the locations of the open cores in the staggered rows
of hollow-core units. This will help determine where rebar should be placed in the footing. When determining
vertical rebar placement, consider the equipment that will be used to set the block to help avoid conflicts. Number
and size of rebar will depend upon the engineer’s structural design.

Construct the footing on a competent subgrade per the design drawings. Once the footing has cured, use a
stringline to mark the alignment of the blocks (usually the inside of the block). Begin setting blocks. A scis-
sors-type clamp works well. (Figure 25) Alternatively, straps looped around the interior ribs can be used, as well.

Figure 25
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Corners can be constructed in the wall using hollow-core corner blocks. These blocks have texture on three
sides. For a tight fit between blocks, the texture on the corner block can be trimmed by 2 or 3 inches where
it abuts the adjacent block. If the design requires continuous rebar, cut a section out of the side of the corner
block aligned with the hollow core of the adjacent block. (Figure 26)

Place horizontal rebar in the blocks, supported in the grooves on the interior structural ribs. Place the vertical
rebar, lapping and tying, as required.

Stack the next row of block, making sure to carefully align the blocks and staggering the joints to create a running
bond. We recommend stacking no more than three courses of block without filling the core.

Prior to infilling the wall, we suggest grouting the joints between blocks with non-shrink standard grout. This
helps prevent leakage during infilling, and provides an aesthetic element.

Infill the hollow core of the wall with ready-mix concrete meeting the requirements of the design. Place the
concrete carefully to prevent misalignment of the rebar. While filling, use an internal concrete vibrator to ensure
consolidation and eliminate voids.

Figurs 26

REDKROCK 496




APPENDIX: 3.1.2 INSTALLATION GUIDE

COPING

Magic Block Freestanding Hollow-Core Blocks can be placed on Redi-Rock PC-series walls to create a free-
standing coping. The connection uses a No. 3 rebar hook to tie the coping to the upper PC blocks.

Install a No. 3 rebar hook through the lifting hook in each PC block and let the hook lay on the shear knob.

Install PC geogrid strips, if required. Fill the PC core with stone to the recess area. Place plastic sheeting over
the geogrid exposed in the PC core.

Set the Freestanding Hollow-Core Blocks in place on the PC blocks.

Install the horizontal and vertical reinforcing steel, as required by the design. Pull the rebar hooks up into the
Freestanding Hollow-Core Blocks core and engage with the horizontal rebar. Fill the hollow cores with concrete.

(Figures 27 & 28)

Figure 28

Figure 27
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WATER CONTROL APPLICATIONS

A few additional details can be incorporated into Freestanding Hollow-Core walls to improve their water-tightness for
flood control and other water-related applications. (Figure 29)

Prior to constructing the footing, perfonm any subgrade preparation, soil improverents, and/or drainage installation
as required by the design.

Install an appropriate waterstop at the joint between the focting and the bottom of the wall, following the waterstop
manufacturer’'s recommendations.

When using a ribbed center bulb strip, install it prior to pouring concrete for the footing such that it will be half
embedded in the footing. Commonly, it will require attaching to the footing rebar with wire ties.

A bentonite/butyl rubber expandable waterstop can be installed on top of the footing prior to installing the first row
of blocks. Be sure to protect the strip from damage and keep it clean.

A keyway can be cast into the footing if required by the design.

Avoid block-to-block joints where structural ribs from adjacent blocks will be in contact, as this will result in a joint
with little, if any, cast-in-place concrete available to resist water flow. If necessary, remove one of the offending ribs
with a concrete saw.

When placing concrete, extra care
should be taken to fully consolidate
the concrete to eliminate voids which
could become conduits for water.

— CONTROL JOINT MATERIAL

" IEAVECRTER oA FoR WaTeRsToP Integral crystalline waterproofing
A R R L admixtures are available that can

e W TH WIRE
—— HOLES |IN COMTROL JOINT MATERIAL FOR
REB&R

reduce permeability and seal small
cracks. Additional measures, such as
sealing exposed joints with non-shrink
grout and/or mastic and casting a slab
against the wall can also be used to
reduce water penetration. Founda-
tion waterproofing experts should be
consulted to select and assist with
the installation of any performance
improvement measures.

CUT BLOCK RIB ADJUACENT TO

F-HC FREESTANDING ELOCKS
RIEBED CENTER BULE WATERSTOP —
CAST INTO FOOTIMNG

-
CAST IN PLACE CONCRETE FOQTING —~

Figure 28
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16. CAP INSTALLATION

Cap or step blocks are commonly used on top of freestanding walls to provide a finished look. (Figure 30)
Mark the center of the freestanding blocks to monitor the correct running bond spacing.

Secure the cap with construction adhesive, polyurethane sealant, or mortar. If construction adhesive is used, it
should meet the requiremnents of ASTM D3498 and C557 and HUD/FHA Use of Materials Bulletin #80. Two examples
are Titebond Heavy Duty Construction Adhesive by Franklin Intermational or PL Premium Construction Adhesive. If
polyurethane sealant is used, it should be one-component, highly-flexible, non-priming, gun-grade, high-performance
elastomeric polyurethane sealant with movement of + 25% per ASTM C719, tensile strength greater than 200 psi (1.4
MPa) per ASTM D412, and adhesion to peel on concrete greater than 20 PLI per ASTM G794,

Adhesive or sealants should be applied in 1.5 inch (38 millimeter) diameter round “Hershey Kiss" shaped dollops
located in two rows at the top of the freestanding blocks at 8 inches (203 millimeter) on center.

Caps can be cut as needed for proper alignment. If desired, grout the joints between cap blocks after installation
with a non-shrink grout,

Figure 30
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16. FORCE PROTECTION WALLS

Install a threaded termination end on the end of the cable. Electroline M Series terminations manufactured by
Esmet, Inc. work well.

Thread cable with a termination end through all the blocks. It is important that the cable is placed in each course
of blocks prior to placing the next course.

Pull the cable through the block on the far end of the wall until approximately 2 inches (51 millimeters) of threads
protrude beyond the end of the blocks. The exposed threads will provide room to place for a 5/8 inch x 6 inch x 9 inch
(16 millimeter x 152 millimeter x 229 millimeter) steel plate over the exposed threads and start the nut.

Mark and cut the cable at the starting end of the wall so that 4 inches (102 millimeter) of cable protrudes beyond
the block, providing rooma 5/8 inch x 6 inch x 9 inch (16 millimeter x 152 millimeter x 229 millimeter) steel plate
and ferrule termination fitting.

After the cable has been cut, slide the entire cable several feet (meters) towards the ferrule end so that you will
have room to work. Install a steel plate and ferrule termination end on the cable.

Pull the cable snug so that the ferrule is against the steel plate. There will be 2 inches (51 millimeters) of thread
exposed at the far end of the wall which has the termination end on the cable.

Place the steel plate over the threads and start the nut. The nut can be tightened to the desired tension.
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Force Protection Coping With J-Bolts and Post-Tensioned Cable

~— Posl-Tensioned
Galvanized Cable

__.—/—_,H—- J-Bolt and Clip

- Force Protection Wall Can Be
2 Attached to Retaining Wall
g Units or Ground Anchors
Force Protection Block —
(Typical)

Force Protection Block —,

—— Post-Tensioned
Galvanized Cable

= Cable End

\ . -
‘—— Corner Garden
Top Block

THREADED

TERMINATION
END
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Force Protection Coping With J-Bolts

a  This detail can be installed with either a single
or multiple rows of Force Protection blocks,

« J-Bolts and clips are used to connect the top
row of retaining biocks and all Force Protection
blocks togather.

= J-Bolt installation is not intended for traffic
impact loads.

=« Force Protection blocks can be sttached to
retaining wall blocks or ground anchors.

Fill Blockout With

il Non-Shrink Grout
Y ol (ryca)
~'—— Exposed Portion of Force Protection
o Blocks at Top of Wall

View from bacik of wall with ground
cutaway and blocks removed for
visualization of connection.

Clip Made From 13" (13mm) — ————
Thick Galvanized Plate

%" (16 mm) Diameter ——
Galvanized J-Bolt

—— Hook Embedded in Blocks
~ 5 13" (13 mm) Diamster Galvanized (Standard)
) 35" (16 mm) Diameler Galvanizad (Specialty)

Lifting Hook Embadded in Blocks ——
35" (10 mm) Diameter Galvanized
{Standard)
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J-BOLT INSTALLATION
J-Bolts can be used to secure force protection walls to the top row of retaining wall blocks (when used on the
top of a Redi-Rock wall) or to concrete anchors set in the ground (for a stand alone wall).

Set force protection blocks with the ends centered on ground anchors or the center of Redi-Rock middle retaining
wall blocks immediately below.

Place a clip between blocks in hooks provided in the middle of the block on each end.
Place a J-bolt through center of the clip, thread a nut on the J-bolt, and tighten.

Repeat for all remaining courses of force protection blocks.

17. REDI-ROCK COLUMNS

Redi-Rock column blocks are available to complement Redi-Rock walls. Columns can be installed by themselves
or with fences or gates.

Column blocks can be placed on properly prepared aggregate or concrete leveling pads or directly on Redi-Rock
retaining wall blocks, depending on the specific design for your project.

Column blocks can be manufactured with pockets for concrete or split wood fence rails.
Concrete adhesive or polyurethane sealant can be used between stacked column blocks.

Install a cap on the top of a column. Adjust the cap position until all sides are equidistant and square to the
column. Secure the column cap with construction adhesive or polyurethane sealant.

Special inserts are available for mounting gates or similar features to Redi-Rock columns.

Column blocks are available with 4 inch (102 millimeter) or tapered 8 inch (203 millimeter) diameter cores which
can be filled with stone or concrete and steel rebar reinforcement.

A conduit can be left through the core if needed for lighting or other features.
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APPENDIX: 4.1.1 UNIT MANUFACTURING QUALITY CONTROL

A “Road Map For Quality” For Redi-Rock
Retaining Walls

TOTAL QUALITY MANAGEMENT FOR PRODUCTION AND INSTALLATION OF
REDI-ROCK RETAINING WALLS

Redi-Rock has recognized that
quality control requires a coor-
dinated team effort to achieve
the best results moving forward
in the industry. These efforts are
best described by the following
six steps for everybody involved
in building a Redi-Rock wall:

Step 1. Production of the steel
forms by Redi-Rock
International.

Step 2. Final assembly/adjust-
ments of forms and
shipment of forms and
molds by Redi-Rock

International.

Production of Redi-
Rock concrete units by
individual Redi-Rock
dealers. Step 3 is the
focus of this manual.

Step 3.

Step 4. Preparation of the site
specific drawings and
specifications by a Pro-

fessional Engineer.

Installation of the wall by
contractor.

Step 5.

Step 6. Acceptance of wall by

purchaser.

The strategy of a Total Quality
Management Program should

REDIROCK

be for each of the parties listed
above to have a quality program
which demonstrates that their
product (stage of production)
conforms to requirements and
they are taking responsibility for
demonstrating such.

This is accomplished by the
various production steps per-
forming an incoming quality
check (IQ) and an out-going
quality check (OQ). These steps
are defined by each producer
in order to meet their specific
requirements and those of their
customer (the receiver of their
production step). For example,

Form manufacturers will have
documentation demonstrating
that they purchased specified
materials to produce the forms
(IQ) and they will have an (OQ)
check demonstrating that the
steel forms meet the require-
ments specified on form shop
drawings and specifications.

Redi-Rock International will
have an (IQ) check verifying the
steel forms conform to shop
drawings and specifications
for manufacture of the forms.

Redi-Rock’s (OQ) will verify
that the forms and molds meet
specifications and will produce
blocks which conform to the
block specifications.

Dealers (block manufacturers)
upon receipt of forms will verify
(1Q) that the forms produce
blocks conforming to block
drawing specifications. The
dealers (OQ) will verify that
blocks produced/shipped con-
form to the block drawings and
specifications.

Engineers should have their
own (IQ) program which would
deal with supply of site spe-
cific data for design of the final
retaining wall. Their (OQ) would
deal with checking the final
design package.

The contractors (IQ) program
would document purchasing/
acquiring of the appropriate
materials as specified in the
final construction package.
The contractors (OQ) will dem-
onstrate the installation of the
wall in accordance with the
final construction drawings and
specifications.
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The purchaser, (IQ) when satis- trust is compromised, systems
fied that he got what he paid for, change and others are hired to
will accept the wall by making oversee the work of subsequent
final payment. stages, but the verification still

. . happens!
The above scenario basi-

cally says each producer is
responsible for the quality of

their product or work. It also is EEARE'J—%?E%% OFﬁR YOUR

based on the assumption that
everyone is honorable. When
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A QUALITY CONTROL PROCESS FOR THE PRODUCTION
OF REDI-ROCK BLOCKS AT

ES COM

SANY NAMI ]

DAILY QUALITY CONTROL PROCEDURES

1. Batch tickets should be signed and proper mix design verified by the shop foreman {or designes) and copies filed
with the quality control data collected.

2. A concrete cylinder sample will be taken for each mix design (at least once monthly or once every 150 cyds poured)
and the result filed with other data collected to verify proper compressive strength and entrained-air content is
achieved per Redi-Rock specifications, Standard Specifications for Ready-Mix concrete should follow ASTM C24.

3. A raised-texture number should be installed in each RRI cell so any block manufactured ¢an be traced back to that
cell, should a repeating flaw of any kind develop on the block.

4. The date of manufacture should be scribed or tagged in the back of each block so blocks could be tracked back
to the batch ticket if needed.

5. Prior to placing the completed blocks into inventary, the shop foreman (or designee) will visually inspect each block
for dimensions, aesthetics appearance, and proper lift device installation.

6. A designation shall be labeled on the back of any block not meeting proper specifications. These blocks shall be
placed in a designated “seconds” pile away from good inventory.

CONCRETE MIX PROPERTIES @

FREEZE THAW MINIMLIM 28 DAY MAXIMUM WATER NOMINAL MAXIMUM ~ AGGREGATE CLASS

EXPOSURE CLASS ¥ COMPRESSINE STRENGTH ©!  CEMENT RATIO AGCGREGATE SIZE DESIGHATION AIR CONTENT
MODERATE 4,000 psi (27.6 MPa) 0.48 1 inch (25 mm) 3M 45% +15%
SEVERE 4,000 psi (276 MPa) 045 1 inch (25 mm) 35 B.0% £ 1.5%
VERY SEVERE 4,500 psi (30.0 MPa) 0.40 1 inch {25 mm) 43 B.0% & 15%
MAXIMUM WATER-SOLUBLE CHLORIDE IOM (C17) CONTENT IN CONCRETE, PERGENT BY WEIGHT OF GEMENT & 005
MAXIMUM CHLORIDE AS CI” CONCENTRATION IN MD{NG WATER, PARTS PER MILLION 1000

MAXIMUM PERCENTAGE OF TOTAL CEMENTITIOUS MATERIALS BY WEIGHT ™ (VERY SEVERE EXPOSURE CLASS ONLY)

FLY ASH OR OTHER POZZOLANS CONFORMING TO ASTM CG18 25
SLAG CONFORMING TO ASTM C989 50
SILICA FUME CONFORMING TO ASTM C1240 0

i TOTAL OF FLY ASH OR GTHER POZZOLANS, SLAG. AND SILICA FUME '™ ] 50
TOTAL OF FLY ASH OR OTHER POZZOLANS AND SILICA FUME 1'% 3%
1% Conerete mix properties are in general accordance with AC| 318 durability requirements, Research has shown that concrete r ured to these standard

demonstrates good durability and performance. When these requirements are followed, specific freeze-thaw testing of the concrete is typically NOT required.
' Exposure cass is as described in AC1518. “MODERATE" describes concrets that is exposed to freezing and thawing cycles and occasional exposure to maoisture.
"SEVERE" describes conerete that is exposed to freezing and thawing cycles and in continuous contact with moisture. “VERY SEVERE" deseribes 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
owneripurchaser priar to order placement. Longer lead imes may be required for block units manufactured for “severe” and “very severe” exposure classes.
%) Test method ASTM G39.
') Defined in ASTM C33 Tahle 3 Limits for Deleferious Substances and Fhysical Froperty Requirements of Coarse Aggregale for Concrefe.
'™ Test method ASTM G231,
" Tiest method ASTM C1218 at age between 28 and 42 days.
1% The total cementiticus material also includes ASTM C150, C595, CBAS, and C1157 cement. The maximum percentages shal include:
{a) Fly ash or other pozzolans in type |P, blended cement, ASTM CE85, or ASTM C1157.
(b} Slag used in the manufacture of an IS blended cement. ASTM C585, or ASTM C1157
ic) Silica fume, ASTM C1240, present in a blended cement.
he Fly ash or cther pozzolans and silica fume shall constitute no more than 25 and 10 percent, respectively, of the total weight of the cementitious materials.
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MONTHLY QUALITY CONTROL PROCEDURES

1. Periodically (minimum of once manthly) during Redi-Rock production, a designated quality control person should
fill out the following RRI Dimensional Data Sheet for one block fram every retaining cell and free standing cell
manufacturing Redi-Rock block. The shop foreman should review measurements for any deviations from the speci-
fications and address any problems identified. Refer to the "Product Data Sheets” in the Design Resource Manual
for dimensional properties of the blocks.

2. A designation shall be labeled on the back of any block not meeting proper specifications. These blocks shall be
placed in a designated “seconds” pile away from good inventory.

3. The monthly gquality assurance index should be calculated and monitored with a goal of zero percent (0%) failing.
This sheet should be monitored monthly and filed with other quality control information.
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ALKALI SILICA REACTION

As manufacturers of precast concrete products, Redi-Rock manufacturers need to be aware of production issues that
can impact the quality of our concrete products. One of these issues is alkali-silica reaction, or ASR. ASR is a reaction
which ocours over time in concrete between alkaline cement paste and reactive non-crystalline silica which found in
many common aggregates. High cement content mix designs and concrete subject to warm, humid, or wet environ-
ments can be quite susceptible to ASR. External sources of alkalies such as deicing salts, seawater, groundwater,
and water from industrial processes, or repeated cycles of wetting and drying can also lead to ASR in concrete. Since
many Redi-Rock manufacturers use mix designs that allow multiple castings per day, we need to be aware of ASR.
Even if you don't turn multiple blocks per day in the same form, Redi-Rock products can be used in applications where
external alkalies are present. Quite simply, ASR is a topic that is important to all concrete manufacturers.

With ASR, the reaction between alkalis in the cement (calcium hydroxide) and silicas in the aggregates produces an
expansive gel in the concrete. This gel creates internal stresses that eventually cause the concrete to split. Typical
indicators of ASR are longitudinal cracks, map ({random pattern) cracking, and in advanced cases, closed joints,
spalled concrete surfaces, or relative displacements of different portions of a structure. Map cracking and spalled
concrete surfaces are the most likely indicators in Redi-Rock products. ASR takes time to develop and, in many cases,
ASR may not show up for 5 to 15 years. However, when it does appear, ASR can be quite extensive and costly to fix.
Replacement rather than repair is often the only feasible option to correct the problem.

Here are a few options to reduce or completely eliminate ASR in concrete:

1. You can use non-susceplible aggregates. ASTM C1260 can be used to test your fine and coarse aggregates and
determine whether or not your aggregates are reactive.

2. You can add pozzolans such as fly ash, slag, or silica fume to the concrete mix. ASTM G1567 can be used to test
concrete mixes and determine whether or not the added pozzlans are enough to mitigate ASR in the concrete.

3. You can use low alkali cement. Check with you cement manufacturer to see if they can provide a cement with an
alkali content below the threshold level commonly required to produce ASR in the concrete. Typically, the total alkali
content is limited to a maximum 0.60%.

4. You can add lithium salts to the concrete mix. Products like Sika Gontrol ASR {lithium nitrate admixture) can be
used to control ASR in concrete. The Federal Highway Administration (FHWA) has published recommendations for
the use of lithium to mitigate or prevent ASR.

An excellent source of information on ASR is available in the document Diagnosis and Control of Alkali-Aggregate
Reactions in Concrete by Farny and Kerkhoff, published by the Portland Cement Association. A pdf copy is available
on the Redi-Rock dealer secure website.
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REDI-ROCK TARGET BLOCK MANUFACTURER:
QUALITY MEASUREMENT SHEET INSPECTOR:
DATE CHECKED:
FORM NUMBER:
TARGET QUALITY PROPERTIES
RETAINING BLOCKS FREE STANDING BLOCKS

TARGET DIMENSIONS {112} TARGET TOLLERANCE | MEASUREMENT | TARGET TOLLERANCE MEASUREMENT

HEIGHT (LEFT FRONT OF BLOCK) | 18 (457) + g (6} 18 {457) ¥ (2 5)

HEIGHT (LEFT BACK OF BLOCK) | 18 (457) +%q (£ 5) 18 (457) +¥s (2 5)

HEIGHT [RIGHT FRONT OF BLOCK) 18 (457) 2%, (£5) 18 (457) +¥a(25)

HEIGHT {RIGHT BACK OF BLOCK) | 18 (457) t¥Hs (£ 5) 18 (457) +Ha (2 5)

LENGTH (FRONT OF BLOCK) ®K%(1172) | 1K1 46 % (1172) ¥ (£13)

28" WIDTH (FORM LINE TOBACK) | 225 (575) | £k{z13) 24" NOMINAL FREESTANDING BLOGK WIDTH:

41" WIDTH (FORM LINE TO BACK) | 35% (882) | =) (z13) 13 %e (336) k(2 13)

TARGET OBSERVATIONS CRITERIA MEASUREMENT (CIRCLE ONE)

CONCRETE BUG HOLES LESS THAN % {20) PASS /| FAIL

CONCRETE COLOR AESTHETIC PASS | FAIL

A36 STEEL LIFTING INSERTS PROPER NUMBER, TYPE, & LOGATION PASS /| FAIL

GONGRETE OVERPOUR CHECK™ | NONE PERMITTED PASS | FAIL

CONCRETE FLASHING PC INSERT | NONE PERMITTED ON ROUNDED SURFACES™ | PASS / FAIL

CONCRETE CHIPPING PG INSERT | NONE PERMITTED AT EDGES OF PC INSERT™ PASS /| FAIL

) ajl dimensions ane inches (mm).
@ A square may assist in measuring blocks and helping to assure that surfaces are straight and true.
& Overpouring the block above the geogrid insert will resull in & shamp edge that could damage the geogrid and net permit the blocks to |ay level, thus creating a
weaker wall and one that grows progressively out of leve! with each additional row of blocks. This edge needs 1o be removed before blocks are shipped to the jobsite.
Rafer to the sketch balow.
“ Quality Control problems. need to be traced to the out of tolarance form, and out of spac blocks removed from Inventory, and corract deficlencies within production
:?mlkrr Re-check dally untll block spacifications are mel, then as required perodically thenafiar.

Rafer io the skelch below. Adjust PC insert as directad in User Manual to efiminats flashing or chipping / spaliing around edge of PC pockst on top of block.

ONE LIFTING INGERT EAGH _A

WIDTH VAREES
(FACE TEXTURE)

28" {T10) PG 41" (1020) FREESTANDING SERIES
RETAINING SERIES RETAINING SERIES

Ll 'WIRE LIFTING INSERTS ARE NOT PERMITTED

EDGE SPALLING & FLASHING REQUIRE '1 ‘/’““'
MNTTDTIEPCWR, \ \\\

TWE LIFTING INSERTS IN PC & 80° umm =
OPTICHAL PC 38" LONG HOOKED SINGLE BAR UFTER,
ONE LIFTING INSERT IN SOLID RETAINING BLOCKS

TYPE 1 & 1AT GEOGRID CONNECTOR PC GEOGRID CONNECTOR A36 STEEL LIFTING INSERTS
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Quality Control Worksheet

(For Block Manufacturer’s Internal Use)

Date

Problem Discovered

Date

Action Taken
to Resolve Problem

REDKROGK
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PERIODIC REPORTING
SUBMITTALS

1. Dimensional Data Sheets
(July 15th Submittal Each Year)

2. Product Verification Sheets
(July 15th Submittal Each Year)

REDKROGK
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Compary Name
RRI Dimensional Data Sheet

Measurements should be done periodically on one block from each cell producing Redi-Rock
Actual Block Dimension
TRetatning/
Free Geo-Insert Pass Reason
Standing Type Length Width Height Left Height Right Straight Failed
T ol L Front Back | Front Back sernie
Month of Total Blocks Failing + Total Blocks Inspected = Monthly Quality Assurance Index
Calculation
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Redi-Rock Product Verification Sheet

In an effort to assure conformance of RRI products to Redi-Rock block specifications found in the Design Resource
Manual, RRI is requesting that all dealers marketing their blocks under the name Redi-Rock certify the conformance
of your blocks by completing, signing and retuming this Product Yerification Sheet. Please circle Yes or No below
that apply to your operation.

We build 4,000 psi minimum blocks. Yes or No
We include air content between 1 %% - 7Y:% air_(Per latest RRI Specifications) Yes or No
We produce the following Redi-Rock products:
41" series block.  Yes or No
60" Blocks Yes or No
28" series block __Yes or No
9" Setback Blocks Yes or No
Free Standing Series Yes or No
Columns Yes or No
Steps Yes or No
Pavers Yes or __No
Limestone face Yes or No
Cobblestone face Yes or No
Ledgestone face Yes or No
We h e following inserts i lled in our retaining forms:
Geo 1 insert (For type 1 and type 1 AT connections) Yes or No
Positive Connection System insert Yes or No
We are Manufacturing Redi-Rock prodcuts to the Redi-Rock International specifications indicated in the
latest RRI Design Resource Manual edition. Yes or No
Signature: Title:

Company Name:

Date:

Before July 15" of Each Year, please sign, date and fax or email this form along with the
RRI Dimensional Data Sheet with the dimensions of one block from every cell.
Fax 231-237-8521 or Email info@redi-rock.com

Revised KP 77215
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52 TENCATE.

Quality Control Plan
Miragrid® and BXG

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 15,000 yd? 8,000 yd? 14,400 yd?
Area (ASTM
D5261)
Tensile Properties 15,000 yd? 8,000 yd? 4,800 yd?
(ASTM D6637
Method)
Junction Strength 15,000 yd? 8,000 yd? 14,400 yd?
(ASTM D7737
replaced GRI GG-2)
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:

e Analyzing customer complaints.

e Investigation into the root cause of nonconforming products and system
nonconformances.

e 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.

REDKROCK
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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

+1SO 9001:2008

REDKROCK
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