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1 Introduction

Background

Events such as the World Trade Center Bombing in 1993, the Oklahoma City
Bombing in 1994, and the Kobar Towers Bombing in 1996 graphically demon-
strated the effects of vehicle bombs on conventional structures. Not only have
such incidents occurred at locations where military troops and their families are
stationed throughout the world, but also within our nation’s cities.

Obviously, close-in detonations against primary structural components, such
as columns and beams, can produce catastrophic failures and progressive
collapse. Catastrophic failure can result in large a number of fatalities. How-
ever, another effect of the blast impinging on the structure is the creation of
debris. In addition to windows and wall fragments, debri may include flying
objects from ceilings and furniture.

A primary construction technique for low-rise structures throughout the
world is that of reinforced concrete or steel frame construction with in-fill brick
or concrete masonry unit (CMU) wall panels. Although the blast-resistant
masonry panels may vary depending on construction details, the blast resistance
of such walls will seldom exceed about 10 pounds per square inch (psi). In
contrast, reflected blast pressure on walls as a result of vehicle bombs’
detonations may be several thousand psi, depending on the explosive charge
weight and the bomb standoff. Consequently, failure of masonry walls may be
expected. Also, the significant overload of the wall will result in high-velocity
fragments and debris that will damage interior property and cause severe injury
and human fatalities.

The Department of Defense has initiated studies to develop retrofit systems
to reduce the hazard levels of masonry panels. Figure 1.1 shows a proposed
prototype retrofit system. Full-scale dynamic field experiments are planned.
Since full-scale experiments are costly, it is important that such experiments are
carefully planned. One approach is to conduct smaller laboratory experiments in
order to develop and screen potential retrofit techniques, thereby assisting in the
design of the full-scale experiments. The use of geogrid or geotextile materials,
anchored to the structural frame of the building to catch the flying masonry
debris has been identified as a viable solution. The static experiments discussed

Chapter 1 Introduction
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Figure 1.1. Proposed prototype retrofit system

herein constitute a first and significant step in the development of retrofit systems
for masonry panels.

Objective

The objective of the experiments was to evaluate the performance of a
retrofit system that consists of geotextile and geogrid materials anchored to
reinforced concrete beams. For the purpose of presentation and discussion, the
geotextiles were arranged in Group A, and the geogrids were placed in Group B.
The ultimate capacity and large-deflection behavior of these retrofit systems were
determined. A critical issue regarding retrofit systems is the development of
practical and effective techniques for anchoring the geotextile and geogrid
materials to the reinforced concrete beams and slabs of a structure. Thus, the
primary purpose of this thesis is to develop a connection design with anchors,
geotextile, and geogrid materials to reduce the hazard of wall-debris fragments.
Based on the experimental results, recommendations will be made for the
application of the systems to be used for existing structures. The primary
application of the research results will be to retrofit panel walls of reinforced
concrete structures in order to reduce fragment hazards. The main emphasis of
this thesis will be the development and evaluation of techniques for anchoring the
material at the reinforced concrete supports.

Chapter 1

Introduction



Scope

Fourteen static tests were conducted by slowly increasing the uniform load
(water pressure) in the 6-ft-diameter static chamber in the Structural Dynamics
Test Facility at WES. The test device used in these experiments includes a high-
pressure pump, which is needed to obtain the desired pressure for the uniform
load. The reinforced concrete beams were designed to represent sections of roof
and floor slabs in a reinforced concrete building. The experiment configuration
consisted of two concrete beams fixed to a steel reaction structure with geotextile
or geogrid material anchored to and spanning between the beams. The beams’
dimensions were 5.5-in. wide by 30.3-in. long and 9.0-in. thick. Grade 60 steel
rebar and 4,000-psi concrete (3/8-in. aggregate diameter) were used in the beams.
The design of the beam included principal steel reinforcement ratios of
approximately 0.005 in each face. Several types of geotextile/geogrid material
were selected with tensile strength ranging from 600 1b/in. to 3,000 Ib/in. The
test series investigated the effect of the different tensile strength of the materials
and demonstrated the load resistance of the lighter-to-heavier materials. The
vendors’ products used in this test series were from the Mirafi, Huesker, and
Tensar Corporations. The expansive anchors used in this series were
manufactured by Hilti. The spacing of the anchors was 5 inches on center for
each test, and the anchors’ diameter was based on the strength of the geotextile
and geogrid materials. The test matrix (in order of testing) for the test series is
shown in Table 1.1.

Table 1.1
Static Response of Geotextile and Geogrid Fabrics Test Matrix
Material Specimen Anchor Bolt Anchor Bolt Anchor Bolt Plate

Test No. Category Label Diameter (in.) | Spacing (in.) Embedment (in.) Dimension (in.)
1 Group A GT 600-A 0.375 5 3.625 0.25x4x32
2 Group A GT 800-A 0.375 5 3.625 0.25x4x32
3 Group A GT 1715-A 0.5 5 3.75 0.25x4x32
4 Group B GG 10 0.375 5 3.625 0.25x4x32
5 Group B GG 24 0.5 5 4.0 0.25x4x32
6 Group A GT 600-B 0.375 5 3.625 0.25x4x32
7 Group A GT 1715-B 0.5 5 4.0 0.25x4x32
8 Group A Com GT 350-A 0.625 5 4.125 0.375x4x32
9 Group A Com GT 350-B 0.625 5 4.125 0.25x4x32

10 Group B GG 1500 0.375 5 3.625 0.25x4x32

11 Group A K 1084 0.5 5 3.75 0.25x4x32

12 Group A GT 800-B 0.375 5 3.625 0.25x4x32

13 Group A Com GT 350-C 0.625 5 4.125 0.375x4x32

14 Group A Com GT 500 0.625 5 4.125 0.375x4x32

Note:

GT 600: High-Strength Geotextile Fabric, 600 Ib/in. tensile strength.

GG 10: Geogrid 10 XT, XT refers to manufacturer’s product identification.

Com GT 350: Comtrac Geotextile, 350 kn/m tensile strength.

K: Kelvar material, 1,084 Ib/in. tensile strength.

A, B, and C in the specimen label: Refers to separate experiments on a material type.
Group A: Geotextile

Group B: Geogrid

Chapter 1 Introduction




2 Test Setup

The experiments were conducted in the 6-ft-diameter static chamber in the
Structural Dynamics Test Facility at WES during the period October 1997-
January 1998. Figure 2.1 is a schematic drawing of the experimental setup
designed to represent the prototype. The following sections describe the reaction
structure details, reaction beam design, material properties, connection design for
the Geotextile and the Geogrid, instrumentation, photography, and the
experimental procedure.

Reaction Structure Details

The reaction structure was constructed during previous experimental slab
studies and adopted for this series. Figures 2.2 and 2.3 show the cross-sectional
and plan view details of the reaction structure. It is essentially a steel box with
concrete-filled end walls. The reaction structure allows a concrete beam to be
anchored at each end of the box, leaving a clear span of 36 inches for the
geotextile or geogrid to the span. Steel wedges can be bolted into position
against the concrete beams, restricting rotation of the beams.

Reaction Beam Design

Reinforced concrete beams were anchored to the reaction structure to
represent the floor slabs of the building. The reinforced concrete beams were
designed with a 28-day design compressive strength of 4,000 psi. The
reinforcement steel ratio was approximately 0.005 in each face, and No. 3 Grade
60 rebar was used in the beams. The concrete beams included shear stirrups that
were fabricated from D2 deformed wire that was heat-treated to simulate Grade
60 rebar. The spacing of the rebars and stirrups was approximately 5 inches on
center. The two reinforced concrete beams were designed to withstand the
reactions from a test specimen subjected to over 200 psi. Figure 2.4 shows the
detailed design of the concrete beams. Figure 2.5 shows the completed concrete
beams.

Chapter 2 Test Setup
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Figure 2.5. Completed concrete beams

Material Properties

Several types of geotextile and geogrid materials were selected, with tensile
strength ranging from 600 Ib/in. to 3,000 Ib/in. The vendors of the products used
in this test series were Mirafi, Huesker, and Tensar. The materials were selected
based on strength, unit weight, and cost. Table 2.1 presents the primary material

properties for these experiments. The ultimate strengths obtained from the

vendors are presented in Appendix C. The material properties were determined
in this study in accordance with the American Society Testing Material 4595 and

are listed in Appendix D.
Table 2.1
Material Properties

Tensile Strength (at Tensile Strength (at

Material ultimate) Machine ultimate) Cross Ma. Mass/Unit Area
Category Test No. | Specimen Label Direction (ib/in.) Direction (Ib/in.) ozlsq.yard
Group A 1 GT 600-A 600 450 12.0
Group A 2 GT 800-A 800 550 15.1
Group A 3 GT 1715-A 1715 600 277
Group A 6 GT 600-B 600 450 12.0
Group A 7 GT 1715-B . 1715 600 27.7
Group A 8 Com GT 350-A 1995 715 25.0
Group A 9 Com GT 350-B 1995 715 25.0
Group A 1 K 1084 1084 N/A 10.1
Group A 12 GT 800-B 800 550 15.1
Group A 13 Com GT 350-C 1995 715 25.0
Group A 14 Com GT 500 2885 400 30.0
Group B 4 GG 10 658 175 121
Group B 5 GG 24 2115 217 33.0
Group B 10 GG 1500 575 N/A 16.0

Chapter 2 Test Setup




Connection Design for Geotextile

The connection design for the geotextile fabrics was based on the vendors’
published strengths of the materials. Figure 2.6 shows the connection design for
the test series. Figure 2.7 shows a typical pretest view of the geotextile
connection. The geotextile tensile strengths were in the range of 600 1b/in. to
3,000 Ib/in. The lighter geotextile fabrics in the 600-1b/in. to 800-1b/in. tensile
strength range were connected to the beams with 0.375-in.-diameter anchors and
two 0.25-in.-thick plates. The geotextile, with a tensile strength in the 1,000-
Ib/in. range, was attached with diameter anchors 0.5-in. and 0.25-in.-thick plates.
The connection detail for the geotextiles included a 0.125-in. thick layer of
neoprene rubber installed between the plate and the material. The geotextile
fabric in the 2,000-Ib/in. range were connected to the beams with 0.625-in.
diameter anchors and 0.375-in. thick plates. The spacing for all the anchors was
5 inches on center.
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Figure 2.6. Connection details for geogrid/geotextile

Connection Design for Geogrid

The connection design for the geogrid materials was similar to that of the
geotextile. Only three geogrids were tested in this series. Figure 2.6 also shows
the connection design for the geogrids. Figure 2.8 shows a typical pretest view
of the geogrid connection. Two geogrids were in the 600-1b/in. tensile strength
range. The geogrids were anchored with 0.375-in.-diameter anchors and
0.25-in.-thick plates. The connection for geogrids also included a 0.125-in.-thick
layer of neoprene rubber installed between the plate and the material. This
design concept was used to reduce the pullout of the fabrics. The geogrid in the
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Figure 2.8. Typical pretest view of the geogrid connection

2,000-1b/in. tensile strength range was anchored with 0.50-in.-diameter anchors
and two 0.25-in -thick plates. The spacing of the anchors was 5 inches on center
for each anchor design.
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Instrumentation

Each specimen was instrumented for displacement and pressure measure-
ments. The data were recorded on a Pacific Transit data recorder, and digitized
and plotted by computer. Figure 2.9 shows a typical gage location. Four dis-
placement transducers were used in each test to measure vertical displacement.
The deflection gages were located along the centerline at midspan and the quarter
point, as well as near the edge at midspan. The transducers used were Trans-PT
Model 8101-0020, having a range of 20.00 inches. The gages were installed on
the geotextile and geogrid materials.

1" k73
_.” 6-1/8" |[[=53/4_;|1= 30 ;i
4

30-1/2" 32-1/2"

Figure 2.9. Instrumentation gage layout

Two Kulite Model HKM-S375, 500-psi range pressure gages (P1) and (P2)
were mounted in the top of the test chamber in order to measure the water
pressure applied to the materials. Since the pressure measurements for (P1) and
(P2) were identical, only the data from one gage are presented in this thesis.

Photography

Pre- and posttest photographs, slides, and video coverage documented each
test. Photographic coverage was also provided during the construction and
installation phases.

Experimental Procedure

The experimental procedure involved the uniform loading (slowly increasing
water pressure) of the geotextile and geogrid fabrics to investigate the load-
deflection behavior of the material specimens and related connection systems.
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The experimental procedure began with an empty reaction structure, shown
in Figure 2.10. Figure 2.11 shows the reaction beams during the placement
process. Figure 2.12 shows a typical test setup with the material and beams
bolted in place. Sand was used to fill the test chamber voids outside of the
reaction structure. Figure 2.13 shows the sand in place with 8-inch wide strips of
neoprene rubber around the fabric to protect the loading membrane from the
edges of the steel structure. Two layers 0.125-in. thick of neoprene rubber
(loading membrane) were placed over the entire cross section of test chamber,
and a 1-in.-thick by 60-in.-diameter steel ring with a rubber O-ring was bolted
into position as shown in Figure 2.14 to seal the cross section. The top was
placed over the test chamber as shown in Figure 2.15, and the test chamber was
cabled into position as shown in Figure 2.16. The test chamber volume above the
neoprene layer was then filled with water, requiring approximately 30 minutes.
The engineer then directed the instrumentation technician and pump operator to
begin the loading of the connection system. The engineer monitored the pressure
and deflection data inside the instrumentation room and decided when to
terminate the experiment.

Sa

\ \.\\\
i

Figure 2.10. Empty reaction structure
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Figure 2.12. Typical test setup
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Figure 2.14. Typical test setup with the O-ring in place
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Figure 2.16.

The test chamber was cabled into position
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3 Test Results

Discussion of the test results will be presented in this chapter. Figures 3.1
through 3.28 are photographs of the pre-test and post-test photographs of each
experiment. Table 3-1 presents the predicted and experimental peak pressure,
maximum deflection, and failure mode.

Table 3.2 summarizes the deflection profile at peak pressure. Appendix B
contains the pressure and deflection gage records for each test. The midspan
deflection gage for each test was labeled D3. The plots show pressure versus
time, and pressure versus midspan deflection. Some measured peak pressure

values compared favorably with the predictions.

Table 3.3 presents the test results in terms of the failure mode. Appendix C
contains the ASTM D 4595 test methods that were used to evaluate the material

properties.
Table 3.1
General Test Results of Geogrid/Geotextile Connection Systems
Experimental Peak Maximum
Material Predicted Peak Pressure Deflection | Failure
| Category Test No. | Specimen Label Pressure (psi) MD cD {in.) Modes
Group A 1 GT 600-A 20 11.3 7.2 1
Group A 2 GT 800-A 26 18.0 7.7 1
Group A 3 GT 1715-A 56 11.4 9.2 1
Group A 6 GT 600-B 20 19.6 - 5.2 1
Group A 7 GT 1715-B 56 33.0 - 3.8 1&3
Group A 8 Com GT 350-A 65 30.9 - 4.0 2
Group A 9 Com GT 350-B 65 24.8 - 3.6 1
Group A 11 K 1084 35 44.0 - 4.7 1&3
Group A 12 GT 800-B 26 32.8 - 4.8 1&3
Group A 13 Com GT 350-C 65 30.4 - 4.5 1
Group A 14 Com GT 500 95 37.6 -~ 4.4 1&3
Group B 4 GG 10 22 28.0 - 5.8 1
Group B 5 GG 24 69 21.6 - 6.8 1&3
Group B 10 GG 1500 19 14.4 - 7.0 1
Note:
1 - Tear at support.
2 - Fabric slip out of support.
3 - Anchor pullout.
MD - Test in machine direction.
CD - Test in cross-machine direction.
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Table 3.2
Deflection Profile at Peak Pressure

Experiment

al Peak
Material Test Specimen Quarter Span D1 | Edge Span Mid- Span Edge Span Pressure

_Cgiegory No. Label Deflection (in.) D2 Def. (in.) | D3 Def. (in.) | D4 Def.(in.) | MD | CD

Group A 1 GT 600-A 4.6 3.4 6.7 7.2 - 11.3
Group A 2 GT 800-A 4.4 7.7 6.2 2.6 - 18.0
Group A 3 GT 1715-A 7.0 2.3 6.8 9.2 - 11.4
Group A 6 GT 600-B 3.2 25 5.2 N/A 196 | -
Group A 7 GT 1715-B 3.0 3.3 3.8 2.9 330 | -
Group A 8 Com GT 350-A | 3.1 4.0 N/A 2.6 309 | -
Group A 9 Com GT 350-B_| N/A 3.6 3.4 2.5 248 | -
Group A 11 K 1084 3.7 N/A 4.6 4.7 440 | -
Group A 12 GT 800-B 2.2 3.4 4.8 4.1 328 | -
Group A 13 Com GT 350-C | 1.8 2.5 4.5 2.8 304 | -
Group A 14 Com GT 500 3.3 3.8 4.4 4.0 376 | -
Group B 4 GG 10 5.8 N/A 4.2 3.4 28.0 | -
Group B 5 GG 24 6.2 56 6.8 2.9 216 | -
Group B 10 GG 1500 N/A 3.3 7.0 2.4 144 | -

MD - Test in machine direction.
CD - Test in cross-machine direction.

Table 3.3
Test Results in Terms of Failure Modes
Experimental Peak
Material Test Pressure
Failure Modes Category No. Specimen Label MD CcD
1 Group A 1 GT 600-A - 11.3
1 Group A 2 GT 800-A - 18.0
1 Group A 3 GT 1715-A - 11.4
1 Group B 4 GG 10 28.0
1 Group A 5] GT 600-B 19.6
1 Group A 9 Com GT 350-B 24.8
1 Group B 10 GG 1500 14.4
1 Group A 13 Com GT 350-C 30.4
2 Group A 8 Com GT 350-A 30.9
183 Group B 5 GG 24 21.6
1&3 Group A 7 GT 1715-B 33.0
1&3 Group A 11 K 1084 44.0
1&3 Group A 12 GT 800-B 32.8
1&3 Group A 14 Com GT 500 37.6
Note:
1 - Tear at support.
2 - Fabric slip out of support.
3 - Anchor pullout.
MD - Test in machine direction.
CD - Test in cross-machine direction.

Group A, Test 1

The 600 geotextile was tested in the cross machine direction. This geotextile
tore loose at the support on one side of the connection system. No damage was
sustained to the anchors or the beams. The geotextile failed at a peak pressure of
approximately 11.3 psi and had a maximum deflection of 7.2 inches. The
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predicted pressure (presented in Table 3.1) was not reached because the material
was tested in the cross machine direction.

Group A, Test 2

The 800 Geotextile was tested in the cross machine direction. This geotextile
tore loose at the support on one side of the beam. No damage was sustained to
the anchors or the beams. This geotextile failed at a peak pressure of approxi-
mately 18.0 psi and had a maximum deflection of approximately 7.7 inches.

The predicted pressure of this fabric was not reached because the material was
tested in the cross machine direction.

Group A, Test 3

The 1715 geotextile was tested in the cross machine direction. This
geotextile tore loose at the supports on both sides of the beams. No damage was
sustained to the anchors or to the beams. The peak pressure of this geotextile
was approximately 11.4 psi and had a maximum deflection of approximately 9.2
inches. The peak pressure for this test was much lower than the prediction due to
a weaker strength of the material in the cross machine direction.

Group A, Test 6

The 600 geotextile was tested in the machine direction. The geotextile tore
loose over a length of 26-in along one side of the beam. There was no visible
damage to the beams or anchors. The peak pressure of this fabric was approxi-
mately 19.6 psi, and it had a maximum deflection of approximately 5.2 inches.
The fabric reached the prediction pressure due to the testing of the material in the
machine direction.

Group A, Test 7

The 350 Com Geotextile was tested in the machine direction. The geotextile
tore loose over a length of 20-in. along one side of the beam. No damage was
sustained to the beams; however, there was a maximum anchor pullout of
approximately 0.25- inch. The peak pressure of this fabric was approximately
33.0 psi and had a maximum deflection of approximately 3.8 inches. The peak
pressure from this test was lower than the prediction.

Group A, Test 8

The 350 Com Geotextile was tested in the machine direction. The geotextile
slipped out of the plate. This slippage occurred because one of the anchors could
not be tightened. This geotextile failed at a peak pressure of approximately
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30.9 psi, and it had a maximum deflection of approximately 4.0 inches. This
fabric did not reach the predicted peak pressure.

Group A, Test 9

The 350 Com Geotextile was tested in the machine direction. The geotextile
tore loose at a 20-in. span along one side of the beam. There was no damage
sustained to the beams or anchors. The peak pressure of this geotextile was
approximately 24.8 psi and had a maximum deflection of approximately
3.6 inches. This geotextile failed prematurely based on the designed tensile
strength of the fabric.

Group A, Test 11

The Kevlar material was tested in the cross machine direction. The Kevlar
tore loose at a 26-in. span along one side of the beam. There was no damage
sustained to the beams; however, the anchors and the steel plate had a maximum
pullout of approximately 1 inch. There were five anchors that pulled out on the
side of the beam where the failure occurred. The peak pressure of this material
was approximately 44.0 psi, occuring at a maximum deflection of approximately
4.7 inches. This material did reach the predicted pressure.

Group A, Test 12

The 800 Geotextile was tested in the machine direction. The geotextile tore
loose over a length of 21-in. along one side of the beam. There was no damage
to the beams; however, the steel plate and the anchors experienced a maximum
pullout of approximately of 0.75 inch. There were seven anchors that pulled out
on the side of the beam where the failure occurred. The peak pressure of the
fabric was approximately 32.8 psi, with a maximum deflection of approximately
4.8 inches. The pressure from this test exceeded the predicted pressure.

Group A, Test 13

The 350 Com Geotextile was tested in the machine direction. The geotextile
tore loose over a length of 2-in. along one side of the beam. There was no
damage to the beams or the anchors. The peak pressure of the fabric was
approximately 30.4 psi, a maximum deflection was approximately 4.5 inches.
This fabric did not sustain much damage; however, it did not reach the predicted
pressure.
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Group A, Test 14

The 500 Com Geotextile was tested in the machine direction. The geotextile
tore loose on both sides of the beams over a length of 23-in. on one side of the
beam. There was damage sustained to the beams; however, the anchors had a
maximum pullout of approximately 0.125-inch. The fabric failed at a peak
pressure of approximately 37.6 psi, with a maximum deflection of approximately
4.4 inches. This fabric did not reach the predicted pressure.

Group B, Test 4

The 10XT Geogrid was tested in the machine direction. The geogrid tore
loose over a length of 18-in. along one side of the beam. The grids on the other
side stayed attached. There was no damage to the beams or anchors. The
geogrid started failing at a peak pressure of approximately 28.0 psi and had a
maximum deflection of approximately 5.8 inches. The geogrid used in this test
exceeded the predicted pressure.

Group B, Test 5

The 24XT Geogrid was tested in the machine direction. The geogrid tore
loose over a length of 20-in. along one side of the beam. The steel plate that
anchored the geogrid started to bend. There was some minor anchor pullout. No
damage was sustained to the beams. The peak pressure of this geogrid was
approximately 21.6 psi, and it had a maximum deflection of approximately 6.8
inches. The peak pressure of this 24XT was lower than that of the 10XT;
however, the tensile strength of 24 XT was about three times the strength of the
10XT geogrid. The premature failure was due to a weaker strength in the cross
machine direction.

Group B, Test 10

The UX 1500 Geogrid was tested in the cross machine direction. The
geogrid tore loose over a length of 24-in. along one side of the beam and also
tore loose at the center. There was no visible damage to the beams or anchors.
The geogrid failed at a peak pressure of approximately 14.4 psi, with a maximum
deflection of approximately 7.0 inches. This material did reach the predicted
pressure.
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Figure 3.2 . Group A test 1 posttest
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Figure 3.3. Group A test 2 pretest

Figure 3.4. Group A test 2 posttest
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Figure 3.8. Group B test 4 posttest
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Figure 3.12. Group A test 6 posttest
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Figure 3.13. Group A test 7 pretest

Figure 3.14. Group A test 7 posttest
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Figure 3.15. Group A test 8 pretest
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Figure 3.17. Group A test 9 posttest
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Figure 3.19. Group B test 10 posttest
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Figure 3.20.

Figure 3.21.

Group A test 11 posttest
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Figure 3.23. Group A test 12 postest
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Figure 3.25. Group A test 13 posttest
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Figure 3.27. Group A test 14 posttest
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4 Analyses and Discussion
of Experimental Results

Analyses and discussion of the experimental results will be presented in this
chapter. This chapter will consider the failure modes described in the previous
chapter and compare the results of the ASTM tests with the experimental results.

Failure Modes

The failure modes were presented in Chapter III. Table 3.1 summarizes the
test results with the failure mode definitions. Table 4.1 presents the experimental
results versus the ASTM 4595 test results and the fabrics’ ultimate strengths.

Table 4.1
Experimental Results Versus ASTM 4595 and Fabric’s Ultimate Strength
Experimental ASTM 4595

Failure Material Fabric’s Ultimate | Strength (Ib/in.) Test Results
Modes Category Test No. Specimen Label Strength (Ib/in.) MD CD (Ibfin.)
1 Group A 1 GT 600-A 600 - 345 399
1 Group A 2 GT 800-A 800 - 549 518
1 Group A 3 GT 1715-A 1715 - 348 557
1 Group A 6 GT 600-B 600 598 - 561
1 Group A 9 Com GT 350-B [ 1995 756 - 1266
1 Group A 13 Com GT 350-C__ | 1995 927 - 1266
1 Group B 4 GG 10 658 854 - 415
1 Group B 10 GG 1500 575 439 - 482
2 Group A 8 Com GT 350-A | 1995 942 - 1266
183 Group A 7 GT 1715-B 1715 1007 - 995
183 Group A 11 K 1084 1084 1342 - 675
183 Group A 12 GT 800-B 800 1000 - 760
183 Group A 14 Com GT 500 2885 1147 - 1467
183 Group B 5 GG 24 2115 659 - 617

Failure Mode 1, Group A

Tests 1,2, and 3

The specimens in Tests 1, 2, and 3 were tested in the cross machine direction.
The failure mode from Test 1 was a result of the fabric tearing at the supports.
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In Chapter II1, it was mentioned that the 600 fabric did not reach the prediction;
however, the fabric did reach the prediction for the cross machine direction. The
failure modes observed in Tests 2 and 3 were also a result of the 800 and 1,715
fabrics tearing at the supports. The predictions for these tests were also reached
when the cross machine direction was used.

Tests 6, 9, and 13

The failure mode of the 600 Geotextile from Test 6 was the result of the
fabric tearing at the supports. There was no pullout of the anchors or damage to
the beams. The prediction of this fabric was reached in the machine direction.
The failure mode of the 350 Com GT in Test 9 was a result of the fabric tearing
at the supports. The prediction for Test 9 was not reached. The failure mode of
the 350 Com GT from Test 13 was the result of the fabric tearing at the supports.
The predicted pressure of this fabric was also not reached.

Failure Mode 1, Group B

Tests 4 and 10

The failure mode of the10XT Grid from Test 4 was a result of the grid
tearing at the supports. There was no pullout of the anchors or damage to the
beams. This geogrid exceeded the predicted pressure. The failure mode of the
1500 Geogrid in Test 10 was the result of the grid tearing at the supports. This
geogrid was close to reaching the predicted pressure.

Failure Mode 2, Group A

Test 8

The failure mode of the 350Com Geotextile from Test 8 was the result of
the geotextile slipping out of the plate. The predicted pressure was not reached
for this fabric.

Failure Modes 1 and 3, Group A

Tests 7, 11, 12, and 14

The failure mode of the 1715 Geotextile from Test 7 was the result of the
fabric tearing at the supports and some pullout of the anchors. This fabric did not
reach the tensile strength in the machine direction. The failure mode of the
Kevlar material from Test 11 was a result of tearing at the supports and some
pullout of the anchors. The material exceeded the predicted pressure. The failure
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mode of the 800 Geotextile in Test 12 was a result of the fabric tearing at the
supports and some anchor pullout. The tensile strength of this fabric was reached
because it was tested in the machine direction. The failure mode of the 500 Com
CT from Test 14 was a result of tearing at the supports and some anchor pullout.
The prediction for this test was not reached.

Failure Modes 1 and 3, Group B

Test 5

This geogrid exceeded the predicted pressure. The failure mode of the 24XT
Grid from Test 5 was the result of tearing at the supports and some pullout of the
anchors. The prediction in this test was not reached.

ASTM Tests Versus Experimental Results

This section will compare the ASTM 4595 material properties test results
with the static test results. Some discussion of the vendor tensile strength of the
materials will be included. Table 4.1 presented the different strengths of the
fabrics.

Group A

600 GT

The ASTM test result of the 600 GT was close to the static test tensile
strength, with a tensile strength of approximately 561 Ib/inch. The fabric was
tested in the machine direction. The ASTM test of the 600 GT in the cross
machine had a tensile strength, approximately 399 1b/in., higher than the static
test.

800 GT

The ASTM test result of the 800 GT in the machine direction was close to
the static test results, with a tensile strength of approximately 760 Ib/in. The
ASTM test result of this fabric in the cross machine direction was close to the
strength of the static test with a tensile strength of approximately 518 1b/in.

1715 GT

The ASTM test result of the 1715 GT in the machine direction was close to
the static test results, with a tensile strength of approximately 995 lb/in. The
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ASTM test result of this fabric in the cross machine direction had a higher
strength approximately 557 Ib/in., than the static test result.

350 Com GT

The ASTM test result of the 350 Com GT in the machine direction had a
tensile strength, approximately 1,266 1b/in., higher than the tensile strength force
induced during the static test. The results from the ASTM test and the static test
were both lower than the vendor-ultimate tensile strength.

500 Com GT

The ASTM test result of the 500 Com GT in the machine direction had a
tensile strength, approximately 1,467 1b/in., higher than the tensile strength force
induced during the static test. The results from the ASTM test and the static test
were both lower than the vendor-ultimate tensile strength.

Kevlar

The ASTM test result of the Kevlar material in the machine direction had a
tensile strength, approximately 675 1b/in., lower than the tensile strength force
induced during the static test. The result from the static test was higher than the
vendor-ultimate tensile strength.

Group B

10 XT GG

The ASTM test result of the 10XT GG in the machine direction had a tensile
strength approximately 415 1b/in., lower than the tensile strength force induced
during the static test. This result was also lower than the vendor ultimate tensile
strength.

24 XT GG

The ASTM test result of the 24XT GG in the machine direction had a tensile
strength, approximately 617 1b/in., close to the tensile strength force induced
during the static test. The results from the ASTM test and the static test were
lower than the vendor-ultimate tensile strength.
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1600 GG

The ASTM test result of the 1500 GG material in the cross machine had a
tensile strength, approximately 482 Ib/in., close to the tensile strength force
induced during the static test. The results from the ASTM test and the static test
were close to the vendor-ultimate tensile strength.

The ASTM specimen was an 8-in. X 8-in. sample that was tested my pulling
the specimen in tension and the experimental results were obtained by testing the
fabrics with a slowly increased uniform load (water pressure). The test methods
were entirely different. The experiments were an evaluation of the retrofit
system and not a direct comparison of the material strength.

Chapter 4 Analyses and Discussion of Experimental Results



5 Summary, Conclusions,
and Recommendations

Summary

The objective of the experiments was to evaluate the performance of a
retrofit system that consists of geotextile and geogrid materials anchored to
reinforced concrete beams. The geotextiles were arranged in Group A, and the
geogrids were placed in Group B. The ultimate capacity and large-deflection
behavior of these retrofit systems were determined. A critical issue regarding
retrofit systems is the development of practical and effective techniques for
anchoring the geotextile and geogrid materials to the reinforced concrete beams
and slabs of a structure. Thus, the primary purpose of this thesis was to develop
a connection design with anchors, geotextile, and geogrid materials to reduce the
hazard of wall-debris fragments. Several types of geotextile and geogrid
materials were selected, with tensile strength ranging from 600 1b/in. to
3,000 1b/in.

Conclusions

The conclusions from the experiments conducted on the Group A and Group
B materials are dependent on the tensile strength of the materials and the anchor
system. The results and the conclusions are valid only for the anchor system used
in the experiments. The comparison of the geotextiles with the geogrids is not the
primary issue in this test series. The test results indicated that the lower strength
geotextiles and geogrids both performed well. A designer should use the lower
strength geotextile\geogrid over the higher strength materials because there is a
better balance of the tensile strengths in cross machine and machine directions.
These results may not be true in soils and pavement designs. Test results from
Chapter III showed that the direction in which the fabrics were tested affected the
resistance of the system. The test results showed that all of the specimens tested,
except the Group A GT-350-A, had a failure mode 1, which corresponds to
tearing at the supports. The specific conclusions for the test series are listed
below in group order. -
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a. Group A GT 600 reached the maximum tensile strength in both
directions.

b. Group A GT 800 reached the maximum tensile strength in both
directions.

¢. Group A GT 1715 was tested in the machine direction, and maximum
tensile strength was not reached with this fabric.

d. Group A Com GT 350 was tested in the machine direction, and the
tensile strength was lower than the vendor-ultimate strength.

e. Group A Com GT 500 was tested in the machine direction, and the
predicted tensile strength was not reached for this fabric.

£ Group A K 1084 was tested in the machine direction, and the fabric
exceeded the predicted tensile strength.

g Group B GG was tested in the machine direction, and the material
exceeded the predicted tensile strength.

h. Group B GG 24 was tested in the machine direction, and the material did
not reached tensile strength.

i.  Group B GG 1500 was tested in the cross machine direction, and the
material did not reach maximum tensile strength.

The static tests were conducted to investigate the general performance of the
retrofit system and to allow a comparison of different geogrid/geotextile fabrics.

Dynamic testing must be conducted to fully determine the performance in the
field.

Recommendations

General recommendations are given below for the selected geotextile and
geogrid materials.

«. Recommend using 600 to 800 Ib/in. material with 3/8-in. anchors at the
lower pressure 20-psi level.

b. Recommend using a 10 XT geogrid instead of a 24-XT grid because it is
stronger in cross-machine direction.

¢. Recommend using the Kelvar material at the higher pressure 40-psi level.

d. Recommend performing further static tests on the geotextile, with a
tensile strength ranging from 1,000 to 1,400 1b/in.
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e. Before using geotextile with a tensile strength ranging from 1,715 to
3,000 Ib/in., recommend making sure it is understood by designers that
geotextile probably will not reach the maximum tensile strength.

[ Recommend designing the anchor system to match the strength of the
fabric.

g. Make sure the anchors are embedded at the proper depth to reach the
maximum strength of the anchor.

h. Recommend that the edges of the anchor plate are well-rounded with a
smooth finish to reduce tearing of the fabric.

Chapter 5 Summary, Conclusions, and Recommendations
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Appendix A
Pressure and Deflections Plots

Appendix A Pressure and Deflections Plots
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Figure A.1 Group A test 1 P1 pressure versus D1 deflection plot.
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Figure A.2 Group A test 1 P1 pressure versus D2 deflection plot.
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Figure A.3 Group A test 1 P1 pressure versus D3 deflection plot.
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Figure A.4 Group A test 1 P1 pressure versus D4 deflection plot.
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Figure A.5 Group A test 2 P1 pressure versus D1 deflection plot.
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Figure A.6 Group A test 2 P1 pressure versus D2 deflection plot .
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Figure A.7 Group A test 2 P1 pressure versus D3 deflection plot.
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Figure A.8 Group A test 2 P1 pressure versus D4 deflection plot.
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Figure A.9 Group A test 3 P1 pressure versus D1 deflection plot.
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Figure A.10 Group A test 3 P1 pressure versus D2 deflection plot.
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Figure A.11 Group A test 3 P1 pressure versus D3 deflection plot.
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Figure A.12 Group A test 3 P1 pressure versus D4 deflection plot.
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Figure A.13 Group B test 4 P2 pressure versus D1 deflection plot.
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Figure A.14 Group B test 4 P2 pressure versus D3 deflection plot.
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Figure A.15 Group B test 4 P2 pressure versus D4 deflection plot.
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Figure A.16 Group B test 5 P1 pressure versus D1 deflection plot.
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Figure A.17 Group B test 5 P1 pressure versus D2 deflection plot.
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Figure A.18 Group B test 5 P1 pressure versus D3 deflection plot.
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Figure A.19 Group B test 5 P1 pressure versus D4 deflection plot.
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Figure A.20 Group A test 6 P1 pressure versus D1 deflection plot.
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Figure A.21 Group A test 6 P1 pressure versus D2 deflection plot.
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Figure A.22 Group A test 6 P1 pressure versus D3 deflection plot.

Appendix A Pressure and Deflections Plots

A7



A8

TEST-7 1-13-98

Pressure vs Deflection

P1 vs D1

33 -

30 : : . /

27 ; . - /’M\“*\
g /V'/
o 10

12

©

©

3

o

-3

02 0 02 D4 DG O8 1 L2 14 1.6 18 2 22 24 20 28 3 32 34 306 38

Inches

Figure A.23 Group A test 7 P1 pressure versus D1 deflection plot.
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Figure A.24 Group A test 7 P1 pressure versus D2 deflection plot.
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Figure A.25 Group A test 7 P1 pressure versus D3 deflection plot.
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Figure A.26 Group A test 7 P1 pressure versus D4 deflection plot.
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Figure A.27 Group A test 8 P1 pressure versus D1 deflection plot.
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Figure A.28 Group A test 8 P1 pressure versus D2 deflection plot.
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Figure A.29 Group A test 8 P1 pressure versus D4 deflection plot.
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Figure A.30 Group A test 9 P1 pressure versus D2 deflection plot.
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Figure A.31 Group A test 8 P1 pressure versus D3 deflection plot.
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Figure A.32 Group A test 9 P1 pressure versus D4 deflection plot.
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Figure A.33 Group B test 10 P1 pressure versus D2 deflection plot.
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Figure A.34 Group B test 10 P1 pressure versus D3 deflection plot.
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Figure A.35 Group B test 10 P1 pressure versus D4 deflection plot.
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Figure A.36 Group A test 11 P1 pressure versus D1 deflection plot.
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Figure A.37 Group A test 11 P1 pressure versus D3 deflection plot.
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Figure A.38 Group A test 11 P1 pressure versus D4 deflection plot.
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Figure A.39 Group A test 12 P1 pressure versus D1 deflection plot.
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Figure A.40 Group A test 12 P1 pressure versus D2 deflection piot.
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Figure A.41 Group A test 12 P1 pressure versus D3 deflection plot.
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Figure A.42 Group A test 12 P1 pressure versus D4 deflection plot.
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Figure A.43 Group A test 13 P2 pressure versus D1 deflection plot.
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Figure A.44 Group A test 13 P2 pressure versus D2 deflection plot.
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Figure A.45 Group A test 13 P2 pressure versus D3 deflection plot.

Pressure vs Deflection
30 P2 vws DA

276

2s . /
225 o

20 p—

17.6 e

PSI
\
\

18
125 -
10 /
7.5 /

s| - .
2s /
o

-01 0O 01 02 0.3 04 05 06 07 08 09 1 1.1 1.2 1.3 1.4 1.6 1.6 1.7 1.8 1.9

Figure A.46 Group A test 13 P2 pressure versus D4 deflection plot.

Appendix A Pressure and Deflections Plots



TEST-14 1-30-98
Pressure vs Deflection
P1 vs D1

PSi

I

2 PRGNS #

e s "

a4 . / .
o .

a

g

-0.2 0 02 04 06 08

1 1.2 1.4 16 18 2 22 24 26 28 3 32 3.4 36 38
Inches

Figure A.47 Group A test 14 P1 pressure versus D1 deflection plot.
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Figure A.48 Group A test 14 P1 pressure versus D2 deflection plot.

Pressure vs Deflection

P1vs D3

A

PSl

Figure A.49 Group A test 14 P1 pressure versus D3 deflection plot.
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Figure A.50 Group A test 14 P1 pressure versus D4 deflection plot.
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TC Mirafi
Mirafi HS600

TECHNICAL DATA SHEET

Mirafi HS600 is composcd of high tenacity polyester multifilament varns which are woven into a stable network such that the
varns retain their relative position. HS600 is incrt to biological degradation and resistant to naturally encountered chemicals,
alkalis, and acids.

Mechanical Properties Test Method Unit Minimum Average
Roll Value
Machine Direction
Tensile Strength (at ultimatc) ASTM D 4593 kN/m (Ibs/ft) 103.1 (7200)
Tensile Strength (at 5% strain) ASTM D 4595 kN/m (Ibs/ft) 29.8 (2040)
Tensilc Strength (at 10% strain) ASTM D 4595 kN/m (Ibs/ft) 84.0 (5760)
Creep Reduced Strength ASTM D 5262 KN/m (Ibs/f1) 63.0 (4320)
Long Term Design Strength* GRI GT-7 kN/m (lbs/fl) 49.8 (3415)
Factory Scam Strength ASTM D 4884 KkN/m (lbs/f1) 35.0 (2400)
Permittivity ASTM D 4491 s’ 0.32
Apparent Opening Size (AOS) ASTM D 4751 mm 0.850
(U.S. Sicve) (20)
UV Resistance (at 500 hours) ASTM D 4355 % strength 70
rctained
* Long Term Allowable Design valucs arc for sand, silt and clay.
NOTE: To obtain Sccant Modulus, divide tensile strength by the appropriate strain level
(i.c. Sccant Modulus at 5% = 2040/0.05 = 40.800 Ib/ft)
Physical Properties Test Method Unit Typical Value
Mass/Unit Arca ASTM D 3261 g/m” (oz/vd) 408 (12.2)
Roll Dimensions (length x width) - m (ft) 4.5 (15)x91.5 (300)
Roll Arca - m° (vd*) 418.0 (500)
Estimated Roll Wcight --- ke (Ibs) 180 (400)
DISCLAIMER: TC Mirafi warrants our products to be free from defects in material and workmanship when delivered to TC Mirafi's

customers and that our products mects our published specifications. Contact your local TC Mirafi Representative for detailed product
specification and warranty information.
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TC Mirafi

Mirafi HS800

TECHNICAL DATA SHEET

Mirafi HS800 is composed of high tenacity polyester multifilament yarns which are woven into a stable network such that the
varns retain their relative position. HS800 is incrt to biological degradation and resistant to naturally encountercd chemicals,

alkalis, and acids.

Mechanical Properties Test Method Unit Minimum Average
Roll Vaiue
Machine Direction
Tensilc Strength (at ultimate) ASTM D 4595 kN/m (lbs/{t) 140.1 (9600)
Tensile Strength (at 5% strain) ASTM D 4595 kN/m (Ibs/ft) 52.5 (3600)
Tensile Strength (at 10% strain) ASTM D 4595 kN/m (Ibs/ft) 140.1 (9600)
Creep Reduced Strength ASTM D 5262 kN/m (1bs/ft) 84.0 (5760)
Long Term Design Strength* GRI GT-7 kN/m (Ibs/ft) 66.4 (4553)
Factory Seam Strength ASTM D 4884 kN/m (1bs/ft) 35.0 (2400)
Permittivity ASTM D 4491 sec” 0.200
Apparent Opening Size (AOS) ASTM D 4751 mm 0.850
(U.S. Sicve) (20)
UV Resistance (at 500 hours) ASTM D 4355 % strength 70
retained
* Long Term Allowable Design valucs are for sand, silt and clay.
NOTE: To obtain Secant Modulus, divide tensile strength by the appropriate strain level
(i.e. Secant Modulus at 5% = 3600/0.05 = 72,000 1b/ft)
Physical Properties Test Method Unit Typical Value
Mass/Unit Arca ASTM D 5261 g/m” (oz/vd) 504 (15.1)
Roll Dimensions (width x lengih) - m (ft) 4.5 (15)x91.5 300)
Roll Arca -- m” (vd®) 418.0 (500)
Estimated Roll Weight ~—- kg (Ibs) 221 (490)
DISCLAIMER: TC Mirafi warrants our products to be free from defects in material and workmanship when delivered to TC Mirafi’s

customers and that our products meets our published specifications. Contact your local TC Mirafi Representative for detailed product

specification and warranty information.
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TC Mirafi TECHNICAL DATA SHEET
Mirafi HS1715

Mirafi HS1715 is composed of high tenacity polyester multifilament yarns which arc woven into a stable network such that the
varns relain their relative position. HS1715 is incrt to biological degradation and resistant to naturally encountered chemicals.
alkalis, and acids.

Mechanical Properties Test Method Unit Minimum Average
Roll Value
Machine Direction
Tensile Strength (at ultimate) ASTM D 4595 kN/m (lbs/f1) 300.4 (20580)
Tensile Strength (at 5% strain) ASTM D 45395 kN/m (lbs/(1) 122.6 (8400)
Tensile Strength (at 10% strain) ASTM D 4593 kN/m (1bs/f1) 236.5 (16200)
Creep Reduced Strength ASTM D 5262 kN/m (lbs/ft) 180.2 (12348)
Long Term Design Strength* GRI GT-7 kN/m (1bs/ft) 148.9 (10205)
Factory Scam Strength ASTM D 4884 kN/m (Ibs/ft) 35.0 (2400)
Permittivity ASTM D 4491 scc’! (.32
Apparent Opening Size (AOS) ASTM D 4751 mm 0.850
(U.S. Sicve) (20)
UV Resistance (at 500 hours) ASTM D 4335 Y% strength retained 70

* Long Term Allowable Design valucs arc for sand. silt and clay.
NOTE: To obtain Sccant Modulus. divide tensile strength by the appropriate strain level
(i.c. Sccant Modulus at 5% = 8400/0.05 = 168.000 1b/f()

Physical Properties Test Method Unit Typical Value
Mass/Unit Arca ASTM D 5261 g/m” (o7/vd’) 925 27.7)
Roll Dimensions (width x length) -- m (1) 4.5 (15) x 91.5 (300)
Roll Arca - m- (vd) 418.0 (500)
Estimatced Roll Weight - ke (lbs) 400 (890)
DISCLAIMER: TC Mirafi warrants our products to be frce from defects in material and workmanship when delivered to TC Mirafi's

customers and that our products mects our published specifications. Contact vour local TC Mirafi Representative for detailed product
specification and warranty information.
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TC Mirafi TECHNICAL DATA SHEET

Mirafi Miragrid® 10XT

Mirafi Miragrid® 10XT is composed of high molecular weight. high tenacity polyester multifilament yarns which arc woven in tension
and finished with a pvc coating. Miragrid® 10XT is inert to biological degradation and resistant to naturally encountered chemicals,
alkalis, and acids.

Mechanical Properties Test Method Unit Minimum Average
Roll Value
Machine Direction
Tensile Strength (at ultimate) ASTM D 4593 kN/m (Ibs/ft) 121.1 (8300)
Tensile Strength (at 5% strain) ASTM D 4595 kN/m (Ibs/ft) 45.5 (3120)
Creep Reduced Strength ASTM D 5262 kN/m (Ibs/ft) 72.7 (4980)
Long Term Allowable Design Load* GRI GG-4 kN/m (Ibs/fl) 60.1 (4116)

*NOTE: Long Term Allowable Design values are for sand, silt and clay.

Physical Properties Test Method Unit Typical Value
Grid Aperture Size - mm (in) 27(1.1)
(machine direction)
Grid Aperture Size -- mm (in) 15 (0.625)
(cross machine direction)
Mass/Unit Area ASTM D 5261 g/m’ (0z/vd?) 424 (12.5)
Roll Dimensions (length x width) - m (f1) 3.3 (10.83) x 61 (200)
Roll Area -- m’ (vd®) 201.2 (240.7)
Estimated Roll Weight - kg (Ibs) 82.6 (182)
DISCLAIMER: TC Mirafi warrants our products to be free from defccts in material and workmanship when delivered to TC Mirafi’s

customers and that our products meet our published specifications. Contact your local TC Mirafi Representative for detailed product
specification and warranty information.
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TC Mirafi TECHNICAL DATA SHEET

Mirafi Miragrid® 24XT

Mirafi Miragrid® 24XT is composed of high molccular weight. high tenacity polyester multifilament varns which arc woven in tension
and finished with a pve coating. Miragrid® 24XT is incrt to biological dcgradation and resistant to naturally encountered chemicals,

alkalis, and acids.

Mechanical Properties Test Method Unit Minimum Average
Roll Value
Machine Direction
Tensile Strength (at ultimate) ASTM D 4595 kN/m (Ibs/ft) 370.3 (25380)
Tensilc Strength (at 5% strain) ASTM D 4593 kN/m (lbs/ft) 146.2 (10020)
Creep Reduced Strength ASTM D 5262 kN/m (Ibs/ft) 2153 (14756)
Lon% Term Allowable Dcsign Load* GRI GG-4 kN/m (Ibs/f1) 177.9 (12195)
* NOTE: Long Term Allowable Design valucs are for sand. silt and clay.
Physical Properties Test Method Unit Typical Value
Grid Apcrture Size - mm (in) 81(3.2)
(machinc dircction)
Grid Aperturc Size - mm (in) 5.1(0.2)
(cross maching dircction)
Mass/Unit Arca ASTM D 5261 o/m* (ozAd”) 1492 (44)
Roll Dimensions (length x width) - m (f1) 1.9 (6.4) x 45.7 (150)
Roll Arca -- m (vd) 89.1 (106.7)
Estimated Roll Wcighl - kg (Ibs) 114.8 (253)

DISCLAIMER: TC Mirafi warrants our products to be frec from defects in material and workmanship when delivered to TC Mirafi's
customers and that our products meet our published specifications. Contact your local TC Mirafi Representative for detailed product
specification and warranty information.

Appendix B ASTM 4595 Manufacturers Material Properties




T j ]
AR - i
S I o O W o,

COMTRAC 500.70 HIGH STRENGTH GEOTEXTILE

PRODUCT DESCRIPTION

Comtrac 500.70 is a woven fabric manufactured by Huesker and comprised of
polyester yarns which are woven into a stable network such that the yarns retain
their relative positions. The fabric is inert to biological degradation and naturally
encountered chemicals, alkalies, and acids. Comtrac 500.70 conforms to the
minimum average roll values listed in the following table.

MINIMUM
AVERAGE
FABRIC PROPERTY UNIT TESTMETHOD  ROLL VALUES'
Fabric Width ft - 16.5
Weight 0z/yd2 Measured 30
Wide Width Tensile Strength  1b/in ASTM D-4595
» Warp Direction
@5% 1050
@Ultimate 2800
+ Fill Direction
@Ultimate 400
Wide Width Tensile Elongation % ASTM D-4595 12X 12
Puncture Strength Ib ASTM D-4833 400
Burst Stregth psi ASTM D-3786 1350
AOS. U.S. Std. ASTM D-4751 40-70
Sieve
U.V. Resistance (150 Hrs.) % ASTM D-4355 70%

'Minimum average roll values are based on a 95% confidence level.
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COMTRAC 350.125 HIGH STRENGTH GEOTEXTILE

PRODUCT DESCRIPTION

Comtrac 350.125 is a woven fabric manufactured by Huesker and comprised of
polyester yarns which are woven into a stable network such that the yarns retain
their relative positions. The fabric is inert to biological degradation and naturally
encountered chemicals, alkalies, and acids. Comtrac 350.125 conforms to the
minimum average roll values listed in the following table.

MINIMUM
AVERAGE
FABRIC PROPERTY UNIT TESTMETHOD  ROLL VALUES'
Fabric Width ft - 16.5
Weight oz/yd2 Measured 25
Wide Width Tensile Strength  1b/in ASTM D-4595
» Warp Direction
@5% 750
@Ultimate 2000
» Fill Direction
@Ultimate 715
Wide Width Tensile Elongation % ASTM D-4595 12X12
Puncture Strength Ib ASTM D-4833 300
Burst Stregth psi ASTM D-3786 1250
AOS. U.S. Std. ASTM D-4751 40-70
Sieve
U.V. Resistance (150 Hrs.) % ASTM D-4355 70%

'Minimum average roll values are based on a 95% confidence level.
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Long Term Design Strength Determination of Tensar Structural Geogrids

Using the GRI:GR4 Method
BX1200 JUX1100SB [[UX1100HS JJUX1400SB ||UX1400HS JJUX15008B [JUX1500HS [[UX1600SD JJUX1600HS [[UX1700HS

Ultimate Strength 2100 2650 2700 3700 4400 6300 3900 7540 9000 10800
Ibs/ft GRI-GGI'

Creep Limited 555 900 935 1400 1850 2300 2800 3000 2700 4650
Strength? (Tb/f)

F.S. Construction

Damage

Sand, Silt. & Clay 1.10 1.035 1.05 1.05 1.03 1.035 5 1.03 1.05 1.05
¥4 Minus Angular 1.10 1.06 1.12 1.05 112 1.08 5 1.0 1.19 1.08
Ager.

11/2” Minus 1.17 1.20 1.18 1.18 1.32 1.16 1.20 1.17 1.23 1.22
Angular Ager.

P.S. Junction 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Strength

Long-Term Allowable Design Strengths of Tensar Geogrids® - Private Market

BX1200 [fUX1100SB JJUX1100HS [UX1400SB |[UX1400HS |JUX15008SB [UX1500HS |[UX1600SD [fUX1600HS JUX1700HS |

F.S. Durability =

1.0 (Private Mkt)

Sand, Silt, 505 857 890 1333 1762 2190 2667 2857 3524 4429

& Clay
¥ Minus 505 849 835 1333 1652 2130 2435 2857 3109 4306
Angular Ager.

11/2” Minus 474 750 792 1186 1402 1983 2333 2564 3008 3811
Angular Ager.

Long-Term Allowable Design Strengths for Tensar Geogrids® — Public Market
BX1200 ||UX1 100SB ||UX1 100HS ||UX14OOSB ||UX1 400HS ||UX1 500SB "UX] S00HS ||UX1 600SD ||UX1 600HS ||UX1 700HS ||

F.S. Durability

= 1.1 (Public Mkt)

Sand, Silt, 459 779 809 1212 1602 1991 2424 2597 3203 4026
& Clay :

¥ Minus 459 772 759 1212 1502 1936 2213 2597 2827 3914
Angular Ager.

11/2” Minus 431 682 720 1079 1274 1803 2121 2331 2733 3465
Angular Ager.

'Tested at 10% per minute on a 2 aperture gage length. “Based on a strain limit of 10%. *A factor of safety for uncertainties
must be included for some design methodologies.
B9
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qmb Designation: D 4595 - 86 (Reapproved 1994)

Standard Test Method for

Reprinted, with permission, from the Annual Book of ASTM Standards, copyright American
Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

AMERICAN SCOIETY FOR TESTING AND MATERIALS
1816 Race St Philadelotus Pa 19103
Reprinted frem e Arnuai Book of ASTM Standards Gopyright ASTIM
it oot ks ted in the curtert combirmd index, wil appent in the nest adition

Tensile Properties of Geotextiles by the Wide-Width Strip

Method?

This standard 15 issued under the fixed designation D 2595, the nember immediately fullowing the designation indicates the year of
origipal adoption of, i the case of revision. the year of last revision A nurber in parentheses indicates the vear of last reapproval. A
superscapt epsifon (ef indicaies an editorial chanpe since the 1ast revision or reapproval

1. Scope

t.1 This test method covers the measurement of tensile
properties of geotextiles using a wide-width strip specimen
tensile method, This test method is applicable to most
geotextiles that include woven fabrics, nonwoven fabrics,
Jayered fabrics, knit fabrics, and felts that are used for
geotextile application.

1.2 This test method covers the measurement of tensile
strength and elongation of geotextiles and includes dircctions
tor the caleulation of initial modulus, offset modulus, secant
moduius, and breaking toughness.

1.3 Procedures for measuring the tensile properties of
both conditioned and wet geotextilzs by the wide-width strip
method are included.

1.4 The basic distinction between this iest method and
other methods for measuring strip tensile properties is the
width of the specimen. This width, by contrast, is greater
than the length of the specimen. Some fabnics used in
geatextile applications have a tendency to contract {neck
down) under a force in the gape length area. The greater
width of the specimen specified in this test method mini-
mizes the contraction effect of those fabrics and provides a
closer relationship to expected geotextile behavior in the field
and a standard comparison.

1.5 This standard does not purpoet te address alt of the
safety concerns. i any, assoctated with ux use. It is the
responsibility of the user of this standard to establish appro-
priate safery and health practices and deiermine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTAM Standards.

D76 Specification for Tensile Testing Machines for
Textiles*

D 123 Definitions of Terms Relating 10 Textiles?

D579 Specification for Greige Woven Glass Fabrics?

D 1776 Practice for Conditioning Textiles for Testing?

D 2903 Practice for Statements on Number of Specimens
for Textiles®

D 4439 Terminology for Geosynthetics®

3. Terminology
3.1 atmosphere for testing geotextiles. n —air maintained

UThy test method is under the jurisdicion of ASTM Committee D-35 on
Coacvnthetios sned i the direet vespontsibilinn of Subcommtiee D33.00 an

at a relative humidity of 65 2 § % and a temperature of 21 &
2°C (70 + 4°F).

1.2 breaking toughness, I, (FL™'). Jm™2  n-—for
geotextiles, the actual work-10-break per unit surface area of
material.

3.2.1 Discussion—Breaking toughncss is proportional to
the area under the force ~ clongation curve from the ongin
to the breaking point (see also work-to-break). Breaking
toughness is calculated from work-to-break, gage length, and
width of 2 specimen.

3.3 corresponding force. F., n.—thc force associated with
a specific elongation on the force-per-unit-width strain curve,
{Swn. load at specified elongation, LASE.)

3.4 geotechnical engineering. n.—the enginecring applica-
tion of geotechnics.

3.5 geotechnics, n.—ithe application of scientific methods
and engineering principles to the acquisition, interpretation,
and use of knowledge of materials of the earth’s crust to the
solution of engineering problems.

3.5.1 Discussion—Geotechnics embraces the ficlds of soil
mechanics, rock mechanics, and many of the engineering
aspects of geology, geophysics, hydrology, and related sci-
ences.

3.6 geotexiile. n-——any permeable textile material used
with foundation, soil, rock, earth, or any other geotechnical
engineering related material, as an integral part of a man-
made project, structure, or system.

3.7 inminal tensile modutus, J, (FL™'). Nm™'. n—Jor
geotextiles, the ratio of the change in tensile force per unit
width 10 a change in strain (slope) of the initial portion of &
force per unit width strain curve

3.8 offser iensile modulus, J, (FL™'). Nm™', n—for
geotextiles, the ratio of the change in force per unit width 10
a change in strain (slope) below the proportional Jimit point
and above the tangent point on the foree — elongation curve,

3.9 proportional timit. n.—the greatest stress which a
material is capable of sustaming without any deviation from
proportionality of stress to strain {Hooke's law).

310 secant tensile madulus, J,, (FL7', Nl nofor
geotextiles. the ratio of change in force per unit width 10 2
change in strain (slope) between two points on a force per
unit width strain curve.

341 rangent point, n—for geotextiles, the first point of
the force — elongation curve at which a major decrease in
stope occurs.

3414 Discussion—-The tangent point is determined by
Arawine 1 taneent hine nawine throneh the zero axis and the
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342 tensite modulus. 2 (FL73), N~} no—for geotextiles,
the ratio of the change in tensile force per umit width to a
corresponding change in strain (slope}.

3,13 jensiie strengih. n-for geotextiles, the maximum
resistance 1o deformation developed for a specific material
when subjected to tension by an external force.

3131 Discussion—Tensile strength of geotextiles is the
characteristic of a sample as distnct from a specimen and is
expressed in force per unit wadth.

3.14 tensile test, n~-in textiles, a test in wihich a textile
material is stretched in one direction 1o determine the force
~ plongation characteristics, the breaking {pree, or the
breaking elongation.

3.5 wide-widith strip tenstiv test, n—for geolextiles, a
uniaxial tensile test in which the entire width of a 200-mm
{8.0-in.) wide specimen is gripped in the clamps and the gage
length is 100 mm (4.0 in),

346 work-to-break, 3, (LF). n--in tensile testing, the
total energy required to rupture a specimen.

3.46.1 Discussion--For peotextiles, work-to-break is pro-
portional to the arca under the force - clongation curve
fromt the origin (o the breaking point, and is commonly
expressed in joules {inch-pound-force).

317 pivld point, n-—the first point of the force ~ elonga-
ton curve above the proportional {linear) section at which
an increase 1 elongation occurs without a corresponding
increase in force.

3.18 For terminology of other terms used in this wst
method, refer 1o Terminofogy D 123 and Terminology
4439,

4. Summary of Method

4.1 A relatively wide specimen is gripped across its entire
width in the clamps of a constant rate of extension (CRE)
type fensile testing machine operated at a prescribed rate of
extension. applying a longitudinal force to the specimen
until the specimen ruptures. Tensile strength, elongation.
initial and secant modulus, and breaking toughness of the
test specimen ¢an he caleutated fromr machine scales. dials,
recording charts. or an interfaced computer.

5. Significance and Use

3.1 The determination of the wide-width strip force ~
elongation properties of geotextiles provides design parame-
ters for reinforcement type applications, for example design
of reinforced embankments over soft subgrades, reinforeed
soil retaining walls, and reinforcement of slopes. When
strength is not necessarily a design consideration, an alterna-
five test method may be used for acceprance testing. Test
Method D 4595 for the determination of the wide-width
sirip tenstlc propertics of geotextiles may be used for the
acceptance testing of commercial shipments of geotextiles
but cantion 15 advised since information about between-
Jahoratory preeision s incomplete {Note 6), Comparative
tests as directed in 3.1.1 may be advisable.

S.4.1 In cases of a dispute arising from diflerences in
reporied test results when using Test Method D 4395 for
acceptance testing of commercial shipments, the purchaser
and the supplicr should conduct comparative tests 1o deter-
minc it there s a staustical bias batween thetr laboratonies.
Competent statistical assistance is recommended for the
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nvestigation of bias. As a minimum, the two parties should
take a group of test specimens which are as homogencous as
possible and which are from a {ot of material of the type in
question. The test specimens should then be randomly
assigned in equal numbers to each laboratory for testing, The
average results from the two labormtories should be com-
pared using Student’s riest for unpaired data and an
acceptable probability level chosen by the two parties before
the testing began. If a bias is found, either its cause must he
found and corrected or the purchaser and the supplier must
agree to interpret future test results in the light of the known
bias.

5.2 Most geotextiles can be tested by this test method.
Some modification ¢f clamping techniques may be necessary
for a given geotextile depending upon its structurg. Special
clamping adaplions may be necessary with strong geotextiles
or geotextiles made from glass fibers to prevent them from
slipping in the clamps or being damaged as a result of being
gripped in the clamps. Specimen clamping may be modified
as required at the discretion of the individual laboratory
providing a representative tensile strength is obtained, In any
event, the procedure described in Section 10 of this test
method for obtaining wide-width strip tensile strength must
be maintained.

&3 This test method is applicable for testing geotextijes
gither dry or wet, It is used with & constant rate of extension
type tension apparatus.

4.4 The use of tensile strength test methods that restrict
the clamped width dimension to 50 mm (2 in) or less, such
as the ravel, cut sirip, and grab test procedures, have been
found less suitable than this test method for determining
design strength parameters for some geotextiles, This is
particularly the case for nonwoven geotextiles. The wide-
width strip techinique has been explored by the industry and
is recommended in these cases for geotextile applications.

34,1 This test method may not he suited for some woven
fabrics used in geotextile applications that exhibit strengths
approximately 100 kN/m or 600 ibf/in, due to damping and
equipment fimitations. In those cases, 100-mm (d-in.) width
specimens may be substituted for 200-mm (8-in)) width
specimens. On those fabrics. the contraction effect cited in
1.4 is minimal and. consequently. the standard comparison
can continue to be made.

6. Apparatus and Reagents

6.1 Tensile Tesing Machine—A constant rale of exten-
sion {CRE} type of testing machine described in Speaifica-
won [ 76 shall be used. When using the CRE type tensile
tester, the recorder must have adeguate pen response 1o
properly record the force—elongation curve as specified in
Specification D 76,

€.2 Clamps—The clamps shall be sufficieatly wide to grip
the entire width of the sample and with appropriate clamping
power Lo prevent slipping or crushing (damage).

¢.2.1 Two basic clamp designs are shown in Figs. 1. 2, 3,
and 4. These designs have been used in the laboratory and
nave provided reproducible tensile strengths. These clamps
may be modified o provide greater ease and speed of
clamping. In any event, caution must be taken to ensure the
type material and dimensions of the clamp are adequaie for
the user's expected fabric strength.
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FIG. 1 Wide Width Test Clamps

6.2.2 Size of Jaw Faces—Each clamp shall have jaw faces
measuring wider than the width of the specimen, 200 mm (8
in.), and a minimum of 50-mm (2-in.) length in the direction
of the applied force.

6.3 Area-Measuring Device—Use an integraling accessory
to the tensile testing machine or a planimeter.

6.4 Distitied Water and Nonionic Wetting Agenr, for wet
specimens only,

7. Sampling

7.1 Lot Sample—For the lot sample, take rolls of
geotextiles as directed in an applicable material specification,
or as agreed upon between the purchaser and the supplier.

Note 1—The extent of the sampling for wide-width strip tensile
properties is generally defined in an applicable order or contract. Among
the options available 1o the purchaser and the supplier is for the
purchaser 1o accept certification by the manufacturer that the material
in question meets the regquirements agreed upon by the two parties, and
what the basis for the certification is, such as, historical data generated
from material manufactured under the same conditions.

7.2 Laboratory Sample—For the laboratory sample, take
a full-width swatch approximately 1 m (40 in.) long in the
machine direction fram each roll in the lot sampie. The

sample may be taken from the end portion of a roll provided
there is no evidence it is distorted or different from other
portions of the roll. In cases of dispute, take a sample that
will exclude fabric from the outer wrap of the roll or the
inner wrap around the corc.

7.3 Test Specimens—For tests in the machine direction
and the cross-machine direction. respectively, take from each
swatch in the Jaboratory sample the number of specimens
directed in Section 8. Take specimens at random from the
iaboratory sample, with those for the measurement of the
machine direction tensile properties from different positions
across the geotextile width, and the specimens for the
measurement of the cross-machine direction tensile proper-
ties from different positions along the length of the geotex-
tile. Take no specimens nearer the selvage or edge of the
geotextile than 1710 the width of the geotextile {see 82),

8. Test Specimen Preparuation

8.1 Number of Specimens:

8.1.1 Unless otherwise agreed upon, as when specified in
an applicable matenal specification, take a number of
specimens per fabric swatch such that the user may expect at
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the 95 % probability level that the test result is not more than
5.0 % of the average above or below the true average of the
swatch for each. the machine and cross-machine direction.
respectively. Determime the number of specimens as follows;

8.1.1.1 Reliable Estimare of v—When there is a reliable
estimate of v based upon extensive past records for similar
matcrials tested in the user's laboratory as dirccted in the
method, calcolate the required number of specimens using
Eq I, as follows:

Ao {{v{:ﬂ’ {1

where:

#n = number of specimens (rounded upward to a wholc
number),

v = reliable estimate of the coefficient of variation of
individual observations on similar materials in the
user’s laboratory under conditions of single-operator
precision, %,

¢ = the value of Student’s ¢ for one-sided limits {see Table
t). & 95 % probability level, and the degrees of freedom
associated with the estimate of v, and

A = 50% of the averape. the value of the allowably
variation.

8 112 No Reliuble Extimate of ve-When there is no
refiable estimate of v for the user’s laboratory. Eq 1 should
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not be used directly, Instead. specify the fixed number of six
specimens for cach the machine direction and the cross-
machine direction tests. The number of specimens is calcu-
lated using v = 7.4 % of the average. This value for v is
somewhat lfarger than usually found in praciice. When a
refiable estimate of v for the user’s laboratory becomes
available, Eq | will usually require fewer than the fixed
number of specimens.

8.2 Test Specimten Size: :

8.2.1 Prepare cach finished specimen 200-mumn (8.0-in.}
wide {excluding fringe when applicable, see 8.2.2) by at least
200-mm {(8.0-in.) loag (see 8.2.2) with the length dimension
heing designated and accurately parallel 1 the direction for
which the tensile sirength is being measured, Centrally. draw
two lnes running the Jull width of the spectmen, accurmtely
perpendicular to the tength dimension and separated by 100
mm (4 In.) to designate the gage area {See Note 65,

8.2.2 For some woven geotextiles, it may be necessary to
cut each specimen 2{0-mm (8.5-in.) wide and then remove
an equal number of yarns from each side to obiain the 200
mm (80 in) finished dimension. This helps maintain
specimen integrity during the test,

%.2.3 The fength of the specimen depends upon the tvpe
of clamps being used. It must be long enough to extend
through the full length of both clamps. as determined {or the
direction of tost.
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8.2.4 When specimen integrity is not affected, the speci-
mens may be initiatly cut to the finished width.

8.2.5 When the wet tensile strength of the fabric is re-
quired in addition to the dry tensile strength, cut each test
specimen at least twice as long as is required for a standard
test {see Note 1). Number each specimen and then cut it
crosswise into two parts, one for determining the conditioned
tensile strength and the other for determining the wet tensile
strength; each portion shall bear the specimen number. In
this manner, each paired break is performed on test speci-
mens containing the same yams.
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Note 2—For geotextites which shrink excessively when wel, cut the
test specimens for obtaining wet tensile strength longer in dimension
than that for dry tensile sirength

9. Conditioning

9.1 Bring the specimens fo moisture equilibrium in the
atmosphere for testing geotextiles. Equilibrium 15 considered
to have been reached when the increase in mass of the
specimen in successive weighings made at inervals of not
less than 2 h does not exceed 0.1 % of the mass of the
specimen. In general practice, the industry approaches equi-
hibnum from the “as received” side.

TN MCATTER B

H
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FIG. 4 Sanders Clamp
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TABLE 1 Valuss of Student's ¢ for One-Sided Limits and the

95 X Probabliity*

of One-Siged ot One-Sided ot One-Sitdect
1 8314 1 1.796 22 7
2 2920 12 1.782 24 171
3 2383 13 1 26 1.706
4 2132 14 1.761 28 .70
5 2018 15 1.753 30 1.887
& 1543 16 1745 4c 1.684
? 1.895 17 1.740 50 1878
8 1.860 18 1.734 86 1671
4 1.8%3 18 1,728 120 1.658

W 1812 20 1.725 © 1645

A aiues in this table were calcuiatod using Hawlet! Packard HP 67797 Usory’
Library Progeams 038480, “One-Sided and Two-Sided Critical Values of Student's
£ and 00ISOD, “improved Normal and inverse Distribution.” For values at other
than the 35 % probadxity tovel, see publishad tables of critical values of Student's
¢ in any standard statistical text. Further use of this table is defmed In Practice
0 2905,

Note 3—It is recogmzed that in practice, geotextilc materials are
frequently not weighed to determine when moisture equilibrium has
peer reached. While such a procedure cannot be accepted in cases of
dispute, it may be suflicient in routine testing to expose the material
1o the standard atmosphere for testing for a reasonable period of ime
before the specimens are tested. A time of a1 least 24 b has been found
acceptable i most cases. However, certain fibers way exhibit dow
moisturs squalization vates from the “as received™ wet side, When thisis
known, a preconditioning cycle, as describod in Practice D 1776, may be
agroed upon between contractural parties,

9.2 Specimens 1o be tested in the wet condition shall be
immersed in water, maintained at a tempevature of 21 £ 2°C
{70 + 4°F). The time of immersion must be sufficient to
wet-gut the specimens thoroughly, as indicated by nio signif-
icant change in strength or elongation following a longer
period of immersion, ang at least 2 min. To obtain thorough
wetling, it may be necessary or advisable 1o add not more
than 0.05 % of a nonionic neutral wetting agent to the water,

10. Procedure

10.1 Conditioned Specimens—Test adequately condi-
tioned specimens in the atmosphere for testing geotextiles.

10.2 Wer Specimens—Test thoroughly wet specimens in
the normal machine set-up within 20 min after removal
from the water.

10.3 Marchine Set-Up Conditions—Adjust the distance
between the clamps at the start of the test at 100 £ 3mm (4
#* 0.1 in.). At least one clamp should be supported by a free
swivel or universal joint which will allow the clamp to rotate
in the plane of the fabric. Select the force range of the testing
machine so the break occurs between 10 and 90 % of
full-scale force. Set the machine to a stram rate of {0 %
3 %/min,

NOTE 4--1{ is recognized thal some tensile tests on geoteatiles sre
conducied using & manually applied strain rate. In thm tase, approsi-
mately a 2 %/min strain rate should be used. In any cvent, the strain rate
describedd in 10,3 is preferred.

104 Insertion of Specimen in Clamps—Mount the spec-
imen centeally in the clamps. Do this by having the two lines,
which were previously drawn 100 + 3 mm (4.0 £ 0.! in}
apart across the width of the specimen positioned adjacent 1o
the inside edges of the upper and lower jaw, The specimen
length in the machine direction and cross-machine direction

tests, respectively, must be parallel o the dircction of
application of force.
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10.5 Measurement of Tensile Strength—-Start the tensile
testing maching and the area measuring device, if used, and
continue running the test to rupture. Stop the machine and
reset to the initial gage position. Record and report the test
results to three significant figures for each direction sepa-
rately (See Note 6).

10.5.1 M a specimen slips in the jaws, breaks at the edge of
or in the jaws, or if for any reason attributed to faulty
operation the result falls markedly below the average for the
set of specimens, discard the result and test another spec-
imen. Contimee until the required number of acceptable
breaks have been obtained.

10.5.2 The decision to discard the results of a break shall
be based on observation of the specimen during the test and
upon the inberent variability of the fabric. In the absence of
other criteria for rejecting a so-called jaw break, any break
occurring within 5 mm (% in.) of the jaws which results in a
value below 20 % of the average of all the other breaks shall
be discarded. No other break shall be discarded uniless the
test is known to be fauity.,

10.5.3 It is difficult to determine the precise reason why
certain specimens break near the edge of the jaws. If 2 jaw
break is caused by damage to the specimen by the jaws, then
the results should be discarded. If, however, it is merely due
to randomly distributed weak places, it is a perfectly legiti-
mate result, In some cases, it may also be caused by a2
concentration of stress i the arca adjacent to the jaws
becanse they prevent the specimen from contracting in width
as the force is applied. In these cases, & break near the edge of
the jaws is inevitable and shall be accepted as a characteristic
of the particular method of test,

10.5.4 For instructions regarding the preparation of spec-
imens made from glass fiber to minimize damage in the jaws,
see Specification D 579,

10.5.5 If a geotextile manifests any slippage in the jaws or
if more than 24 % of the specimens break at a point within 5
mm (0.25 in.) of the edge of the jaw, then {7} the jaws may
be padded, (7} the geotextile may be costed under the jaw
face arca, or { 3) the surface of the jaw face may be modified.
If any of the modifications listed above arc used, state the
method of modification in the report,

10.6 Measurement of Elongarion—Measure the elongs-
tion of the geotextile at any stated force by means of a
suitable recording device at the same time as the fensile
strength is determined, unless otherwise agreed upon, as
provided for in an applicable material specification. Measure
the elongation to three significant figures as shown in Fig.
X1i.i.

10.6.1 A measured strain within the specimen can be
obtained from jaw to jaw measurements by gaging along the
center axis between the jaws across the center 3 in. of the
specimen. These measurements can be made using a sealed
rule taped on a line on the upper end of the specimen, in the
gage area, and recording the change in Jength as measured
from a line spaced 3 in, below the upper line. In addition, the
center portion of the specimen can be paged using LVDTs or
mechanical gages. By comparing, it can be determined if
slippage is occuring in the clamps.

11, Calculations
1.1 Tensile Strength—Caloulate the tonsile strength of

Cc7
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individual specimens; that is. the maximum force per urut
width to cause a specimen to rupture as read directly from
the testing instrument expressed in N/m (ibf7in.) of width,
using Eq 2 (See Fig. X 1.1}, as follows:

apm FAW, )
where:
a, = tensile strength, N/m (Ibf/in.) of width,

F, = observed breaking force, N (Ibf), and
W, = speeificd specimen width. m (in.),

11.2 Eivngation—Calculate the clorganon of individuat
specimens, expressed as the percentage increase in length,
based upon the initial nommal gage length of the specimen
using Eq 3 for XY typc recorders, or Eq 4 for manual
readings (ruler), as follows:

= (F X R X 100/tC % L &5
¢ = (41 X 100)/7.,) @
where:
¢, = elongation. %,
E = distance along the zero force axis from the point the

curve leaves the zero force axis to a point of
corresponding force, mm {in.),

R = testing speed rate, m/min (in./min),

C = recording chart speed. m/min (in./min}

L, = initial nominal gage length, mm (in.). and

AL = the unit change in length from a zero force to the

corresponding measured force, mm (in.).

Nove 5—Some clamping arrangements may fead to slack in thr
specimen within the gage area. When this eccurs. that inrrease of the
specimen length must be added and included as part of L. nominal gage
length.

11.3 Tensile Modulus:

1130 Inirial Tensile Modulus—Determine the location
and draw a line tangent 1o the first straight partion of the
force — elongation curve. At any point on this tangent linc.
measure the force and the corresponding elongation with
respect to the zero force axis. Calculate initial tensile
modulus in N/m (Ibfyin)) of width using Eq 5. (Sec Fig.
X1.1%, as follows:

o= (FxCOJ00 x H) [W3]
where:
J; = inttial tensile modutus, Nfm (Ibf/in) of width,
F = determined force on the drawn tangent line, N (1bf).

i

corresponding elongation with respect to the drawn
tangent line and determined force. %, and
specimen width, m (in).

II 1.2 Offset Tensile Modulus-~Determine the location
and draw a line tangent to the force—elongation curve
between the tangent point and the proportional limit and
througk the zero force axis. Measure the force and the
corresponding ¢longation with respect to the force axis.
Calculate offset tensile modulus using Eq 6 (See Figs. X1.1
and X2.1). as follows:

Jo= (Fx 100Y (e, X B3 6)

€,

f

where:

J. = offset tensile modulus, N/m (bf/in.) of width,
determined force on the drawn tangent hine, N (1bf),
corresponding clongation with respect to the drawn
tangemt line and determined force. %, and

™
1

it

W = speoimen width, m (in.)
11.3.3 Secant Tensile Modulus—1etermine the force for
a specified elongation, . usually JO %. and label that point
on the force — elongation curve as P, Likewise, label a
second point. P, at a specificd clongation, ¢, usually 0%
elongation. Draw a straight line (sccant) through both points
P, and P, intersecting the zero force axis. The preferred
values are 0 and 10 % elongation, respectively, although
other values may be used, for example, when provided for in
an applicable material specification. Calculate secant tensile
modutus using Eq 7 {See Fig. X3.1}, as follows:
= (F % 100)/(e, X W) 7

where:

J, = seccant tensile modulus, N (Ibf) between specified
clongations per m (in.) of width,

F = determined force on the constructed line, N (1hf),

¢, = vorresponding elongation with respect to the con-
structed line and determined force, %. and

W, = spectmen width, m (in).

11.4 Breuking Toughness:

11.4.] When using the force — elongation curves, draw a
line from the point of maximum force of each specimen
perpendicular 1o the elonpation axis. Measure the area
bounded by the curve, the perpendicular and the efongation
axis by means of an integrator or a planimeter, or cut out the
area of the chart under the force — elongation curve, weigh it,
and calculate the arca under the curve using the weight of the
unit area.

11.4.2 When determining breaking toughness of geotex-
tiles using a mannal gage (steel rule or dial) to measure the
amount of strain at a given force. record the change in
specimen length for at least ten corresponding force inter-
vals. Approximately equal force increments should be used
throughout the application of force having the final measure-
ment taken at specimen rupture,

1143 When dctermining the breaking toughness of
geotextiles that exhihit take up of slack caused by tabnc
weave, crimp. or design. the area under the force ~ elonga-
tion cusve which precedes the initial modulus line represents
the work 1o remove this slack. Automatic-area- measun'ng
cquipment may or may not include this arca in measuring
breaking toughness. and therefore, such information should
be reported along with the value observed for the breaking
toughness.

11.4.4 Calculate the breaking toughness or work-to-break
pes unit surface area for each specimen when using XY
recorders using Eq K. or when using automatic arca mea-
suring equipment using Eg 9. or when using manually
obtained strain measurements with a steel rule or dial gage
wsing Fo 10,

T, =4, X §x R X Cx4) (8)
T,=00 « Sx R x A (1

"

T, = sk pdsl an
where:

= breaking toughness, Jim? (in.- bffin2,

area under the force ~ clongation curve. m* (in.%},
= full scale force range, N (b,

testing speed rate, m/min. (in./min.j,

it

RN
|
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¥, = recording chart width, m (in),

¢ = recording chart speed, m/min. (in./min.),

A, = area of the test specimen within the gage length, m*
{in.2), usually 0.200 m by 0.100 m (8 in. by 4 in)}
{See Note 6),

V= integrator reading,

7. = wntegrator constant,

F, = observed breaking force, N (Ibf),

AL = uoit change in length from a zero force to the
corresponding measured force, mm (in},

p = unit siress per area of 1est specimen within the gage

length. N/m? {bf/in.?), and
= zero force.
t1.3 Average Values—Calculate the average values for
tensile strength. clongation, initial modulus, secant modulus,
and breaking toughness of the observations for the individual
specimens tested to three significant figures,

12. Report

12.1 Report that the specimens were tested as directed in
Test Method D 4595, Describe the material or product
sampled and the method of sampling used.

12.2 Report all of the following applicable items for both
the machine direction and cross direction of the material
tested.

12.2.1 Average breaking forec/unit width in N/m {Ibf/in.)
as tensile strength.

12.2.2 Average clongation at specified foree in percent.

12.2.3 I requested, the average initial or secant moduluy
in N/m (ibf/in.). For secanmt modulus. state that portion of
the force — elongation curve used 1o determine the modulus,
that is, O to 10 % eclongation, reported as 10 % secant
modutus. Other portions of the force ~ elongation curve can
be reported as requested.

12.2.4 I requested, the average breaking toughness {work-
1o-break per unit surface area) in J/m? {in-ibf7in.?). Report
the method of calculation.

12.2.5 If requested. the standard deviation, coefficient of
variation, or both, of any of the properties,

12.2.6 If requested, include a force — elongation curve 4s
part of the report.

12.2.7 Condition of specimen {dry or wet).

12.2.8 Number of specimens tested in each direction,

12.2.9 Make and model of testing machine.

12.2.10 Size of jaw faces used.

Appendix C ASTM 4595 Material Properties

12,211 Type of padding used in jaws, modification of
specimens gripped in the jaws, or modification of jaw faces,
if used.

12.2.12 Full scale force range used for westing.

12.2.13 Any modification of procedure {see 5.2}.

13. Precision and Bias {Note 6)*
13,1 Precision—The precision of this test method of
testing wide width strip tensile propertics is heing established.
13.2 Bigs—The true value of wide widih strip tensile
properties of geotextiles can only be defined in terms of a
specific test method. Within this limitation, the procedures
in Test Mcthod D 4595 has no known bias.

NoTE 8--The wide width rensile sk group of subcommittee
D 3501 conducted a piot intedaboratory test in 1985 This est
indicated tha additional cludfication to fllustrate wrplied procedures
within the test procedure should be provided. The major problem
encountersd was definition of the origin {zero position} point on the
force - elongation corve. The following procedural interpretations with
respect 10 this method are suggested: (/) No bonding of the specimen
should be provided within the clamp face arca for materials showing a
treaking foree of 17500 N/m (100 Ihiyin ) and under, unless shown to be
necessary as agreed upon belween the purchaser and supplier, {3}
Protection within the clamp faces should be provided, such as resin
honded tabs, for materials having a breaking force in excess of 17500
N/ {100 Thffin.}. (3} A pretension force should be provided having a
minimum total applied force Lo the specimen of 34.5 N (i D) for
materials exhiliting an ultimate breaking foree of 17500 N/m (100
I6{7in.} and under, For materials exhibiting o breaking force in cxeess of
17500 NW/m (100 ffing, & pretension force equal 10 1.25 % of the
expected breaking force should be applied, however in no case should
the total pravension fores eacoed 222 N (50 1o, A Jow foree range may
be used 10 establish the point of the applied pretension force on the force
- glongation curve and then increased to the working force range
selected for the material under test, (#) The gage lepgth shouhd be
determined relative 1w the zero base line on the extension axis and the
applied pretension foroe fwers position pointh, {(3) The zero position
point should be wsed 1o determine the ejongation, inital modulus, and
serant modulus when applicable. (63 Rolier clamps and other mechan-
ical clamping mechanisms have been successfully used in conjunction
with external extensometers, however strain rates may be different
compared to flar-faced clarips, {7) Extreme care should be used when
loading specimens in the clamps to insure vertical alignmem of the
specimen in the direction of test. The task group is continuing further
interlaboratory testing. 1t s the iment of the task group to include the
above memioned clanfications and subsequent changes s 8 resulr of
improved wehnology in future issues of this test method.

“Supporting data are available fram ASTM Headquarters. Requess RR
351002,
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APPENDIX

{Nonmandatorv Information)

X1. INITIAL GEOTEXTILE TENSILE MODULUS

X1.1 In a typical force — clongation curve (Fig. X1.1).
there is usually a toe region AC that represents take up of
slack, alignment, or seating of the specimen; it can also
represent a significant part of the elongation characteristic of
the specimen. This region is considercd when determining

S YRESS

the initial geotextile modulus.

X111 The initial geotextile tensile modulus can be
determined by dividing the force at any point along the line
AG {or its eatension) by the elongation at the same point
{mcasured from point 4, defined as zero strain).

FIG. X1.1

ATRAL %

Material with Hookean Region

X2. OFFSET GEOTEXTILF TENSILE MODULUS

X2.1 In the case of a geotextile exhibiting a region of
Hookean (linear) behavior (Fig. X1.1), a continuation of the
linear region of the curve is constructed through the zero-
force axis. This intersection, point B is the zero elongation
point from which clongation is measurcd.

X2.1.1 The offsct peotextile tensiic modulus can be deter-
mined by dividing the force at any point along the line CD
for its extension) by the elongation at the same point
tmeasured from point B, defined as zero straind. The point
where line CD first touches the force — elongation curve is
the tangent point.

X2.2 In the case of a geotextile that does not exhibit any
Hnear region (Fig. X2.1), a tangent is constructed to the
maximum slope at the tangent point H'_ This is extended 10
intersect the zero elongation axis at point B’ This intersec-
tior point B’ is the zerc elongation pont from which
clongation s mcasured.

X2.2.! The offset geotextile tensile modulus can be deter-
mined by dividing the force at any point along ine H'K” {or
its extension) by the elongation at the same point (measured
from point 8°, defined as zero sirain).
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FiG. X2.1 Material with No Hookean Region

X3, SECANT GEOTEXTILE TENSILE MODULUS

X3.1 In a typical force — clongation curve (Fig. X3.11, a
straight hine is constructed through the zero force axis,
usually at zero strain point A” and a second point usualiy at
10 % strain, point M”. The intersecuion point 47 is the zero
elongation point from which elongation is measured.

X3.1.1 The secant geotextile modulus can be determined
by dividing the force at any point along live A”M” (or its
extension) by the elongation at the same point {measured
from point A", defined as zero strain).

SRS

X3.1.2 Figure X3.1 also represents a straight line con-
structed through any two specified points, point ¢" and
point R”. ather than zero and 10 % strain, In this case, the
linc extends through the zero force axis at point B, This
intersection is the zero elongation point from which clonga-
tion 15 measured. The secant geotextile tenstie modulus can
be determined by dividing the force at any point along line
Q"R” (or #ts exiension) by the clongation at the same point
{measured from point 87, defined as zero strain},

[SETSEN £

FiG. X3.1 Construction Line for Secant Modulus
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The Amarican Society for Testing ant Materials takes nc poskion raspecting 'he validity of any patant riphts asserted in connechon
with any Rem mentioned in this STandard Lisecs of 1his stendard are axprassly savised that daterminmtion of the valitity of any such
patent riphts, and tha sisk of Infringwment of Such rights, sre antirely thiir ow: responsibiity

This tf is subject to revision gt sny time Ly the responsitye technicel committee and must be reviswsd svery five years antf
# not revised, aither reapproved or withorawn. Your Conmwments are invited either lor ravision of this stenderd or for additional standards
and should be addressed 1o ASTM Heedguerters. Your s will raceive careful considarstion at 3 meeting of the rasponsiblo
technical committes, which you mey sitend. it you fee! thal your commaents have not received a8 fair hearing you should meke your
views known to the ASTM Committes on Standards, 1916 Race St.. Phiisdeiphis, PA 19103
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Number

Deviation:

US Ammy Engineer Waterways Exp. Station
Geotechnical Laboratory
Airfields and Pavements Division

Geotextile Tensile Test - ASTM D 4535
Secant Modulus at 5% and 10% Elongation

T.C. - 12/97
Test type: Tengile Instron Corporation
Series IX Automated Materials Tesgting System 6.02

Operator name: T. carr Test Date: 14 Jan 1998
Sample Identification: HS600M Sample Type: FAB.
Interface Type: 4200 Series
Machine Parameters of test:

Sample Rate (pts/sec): 2.000 Humidity ( % ): 50

Crosshead Speed (in/min): .4000 Temperature (deg. F): 73

Dimensions:
spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6
width (in) 8.0000 B.0000 8,0000 8.0000 8.0000 8.0000
Thicknegs (in}) .10000 .10000 .10000 .10000 .10000 10000
Spec gauge len (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4,0000
Grip distance: {in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000

Out of 6 gpecimens, 0 excluded.

Sample comments:

Load Tensile Displcment Elongation Tensile Tensile gecant Mod Secant Mod
at Strength @ at at Str. @ 5% Str. @ 10% @ 5% @ 10%
Specimen Specimen # Max.Load Max.Load Max.Load Max.Load Elongation Elongation Elongation Elongation
{1bs) (1bs/in) {in) (%) (1bs/in} (1bs/in) {1bs/in) {1bg/in)
4595, 574.4 8208 20.520 155.3 283.1 3107. 2831
4223 527.9 .4828 12.070 229.6 447.8 4591 4478,
4518. 564.7 6513 16.280 117.3 309.1 2347 3091
22B3. 286.1 .3381 8.454 179.7 233.8 3594 2338.
4784. 598.0 .5927 14.820 135.8 364.4 2717 3644.
4301, 537.6 .5016 12.540 234.5 448.0 4689, 4480,
4118, 514.8 .5646 14.1310 175.4 347.7 3508. 3477.
919. 114.8 .1648 4.121 48.5 88.3 971. 883,
22.31 22.31 25.20 29.20 27.67 25.39 27.67 25.39

Cofofvar:

Table C.1 ASTM 4595 Group A GT 600 Machine Direction.
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US Army Engineer Waterways Exp. Station
Geotechnical Laboratory
Airfields and Pavements Division

Geotextile Tengile Test - ASTM D 4595
Secant Modulus at 5% and 10% Elongation

T.C. - 12/97
Test type: Tensile Instron Corporation
Series IX Automated Materials Testing System 6.02

Operator name: T. Carr Test Date: 13 Jan 1998
gample Identification: R8600xm Sample Type: FAB.
Interface Type: 4200 Series
Machine Parameters of test:

Bample Rate (pts/sec): 2,000 Humidity ( % }: 50

Crogshead Speed (in/min): 4000 Temperature (deg. F): 73

Dimensions:
8pec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6
width (in) 8.0000 8.0000 8.0000 8.0000 B.0000 B8.0000
Thickness {in) .10000 ,10000 .10000 .10000 .10000 .10000
Spec gauge len (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
Grip distance: (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000

Out of 6 specimens, 0 excluded.

gample commente:

Load Tensile Displcment Elongation Tenszile Tengile Secant Mod 8ecant Mod
at Strength @ at Str. @ 5% Str. @ 10% ® 5% ®© 10%
Specimen  Specimen # Max.Load Max.Load Max.Load Max.load Elongation Elongation Elongation Elongation
Number (1bs) (1bs/in) (in) (%) (1bs/in) {1bs/in) {1bg/in) (1bs/in}
1 9xXM 3360 420.0 .4281 10.700 211.1 412.9 4222, 4129
2 15XM 2411 301.4 .4352 12.380 118.8 263.2 2395, 2632
3 24XM 2878 359.7 4370 10.930 177.9 332.7 3557. 3327.
4 27XM 2967 370.9 .3484 8.710 216.8 347.6 4336, 3476
5 26xM 3716 464.5 4655 11,640 209.6 409.3 4193 4093
6 34xM 3819, 477.4 .5427 13.570 154.3 349.7 3085 3497
Mean: 3192 399.0 .4528 11.320 181.6 352.6 3631. 3526
Standard
Deviation: 540. 67.4 . 0660 1.651 38.7 55.3 774. 553.
CofOfVar: 16.90 16.90 14.58 14.58 21.30 15.68 21.30 15.68

Table C.2 ASTM 4595 Group A GT 600 Cross Direction.
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US Army Engineer Waterways Exp. Station
Geotechnical Laboratory
Airfields and Pavements Division

Geotextile Tensile Test - ASTM D 4595
gecant Modulus at 5% and 10% Elongation
T.C. - 12/97

Test type: Tengile Instron Corporation

Series IX Automated Materials Testing System 6.02

Operator name: GOODIN Test Date: 15 Jan 1998
Sample Identification: HS800M
Interface Type: 4200 Series
Machine Parameters of test:
Sample Rate (pte/sec 2.000 Humidity ( % )¢ 50
Crosshead Speed (in/min): .4000 Temperature (deg. F): 73

Sample Type: FaAB.

Dimensions:
Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6
width (in) 8,0000 8.0000 8.0000 8.0000 8.0000 8.0000
Thickness (in) .10000 .20000 .10000 .10000 ,10000 .10000
Spec gauge len (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
Grip distance: (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000

Out of 6 specimens, 0 excluded.

Sample comments:

Secant Mod
@ 10%

Elongation
{1bg/in)

Load Tengile Digplecment Elongation Tensile Tensile Secant Mod
at Strength @ at at Str. @ 5% Str. @ 10% @ 5%
Specimen Specimen # Max.Load Max,Load Max.Load Max.Load Elongation Elongation Elongation
Nurber (1bs) (1bs/in) (in) (%) (1bs/in) {1bs/in) (1bs/in)
3M 4088. 511.0 .8503 21.26 256.5 444.2 5130.
8M 6211, 776.4 7144 17.86 254.3 493.3 5086,
1™ 7129. 891.1 .7186 17.97 295.8 559.3 5915
19M 5354 669.2 .5287 13.22 289.4 540.4 5788.
24M 7235 904.4 7415 18.54 285.3 528.8 5705.
34M 6475, 809.4 .6971 17.43 286.6 539.4 5732.
Mean: 6082 760.2 .7084 17.71 278.0 517.6 5559.
Standard
Deviation: 1192. 149.0 .1037 2.59 17.9 42.0 357.
Cofofvar: 19.60 19.60 14.64 14.64 6.43 8.12 6.43

Table C.3 ASTM 4595 Group A GT 800 Machine Direction.
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US Army Engineer Waterways Exp. Station
Geotechnical Laboratory
Airfields and Pavements Division

Geotextile Tensile Test - ASTM D 4595
Secant Modulus at 5% and 10% Elongation

T.C. - 12/97
Test type: Tensile Instron Corporation
Series IX Automated Materials Testing System 6.02

Operator name: GOODIN Test Date: 14 Jan 1998
Sample Identification: HSBOOXM Sample Type: FAB.
Interface Type: 4200 Series
Machine Parameters of test:

Sample Rate {pts/sec): 2,000 Humidity ( % ): 50

Crosshead Speed {in/min): .4000 Temperature {(deg. F): 73

Dimensgions:
Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6
width (in) 8.0000 8.0000 8.0000 8.0000 B.0000 8.0000
Thickness {in) .10000 ,10000 .10000 .10000 ,10000 .10000
Spec gauge len (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
Grip distance: (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000

Oout of 6 Bpecimens, 0 excluded.

fample comments:

Load Tengile Dipplcment Elongation Tensile Tensile Becant Mod Secant Mod

at Strength @ at at Btr. @ 5% Str. e 10% ® 5% ® 10%
Specimen Specimen # Max.Load Max,Load Max,Load Max.load FElongation Elongation Elongation Elongation
Number (1bs) (1bs/in) (in}) (%) {1bs/in) (1bs/in) {1bs/in) (1bs/in)

1 2XM 4371, 546.4 .5734 14.330 178.3 380.8 3565. 3808.

2 5xM 3656. 457.0 .4300 10.750 227.8 431.7 4556. 4317.

3 o9xM 4473. 559.1 .5355 13.39%0 223.1 433.8 4461, 4338,

4 22XM 4834. 604.2 .6250 15.720 173.2 383.4 3463, 3834.

5 14xM 3347, 418.4 .3985 9.962 223.2 400.4 4465, 4004.

6 26XM 4202. 525.2 .4784 11.960 232.4 450.0 4647, 4500.
Mean: 4147. 518.4 .5075 12.690 209.6 413.3 4193, 4133,
Btandard
Deviation: 550. 68.8 .0879 2.197 26.5 29.1 531. 291.
CofoOfvar: 13.26 13.26 17.32 17.32 12.67 7.03 12.67 7.03

Table C.4 ASTM 4595 Group A GT 800 Cross Direction.
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U8 Army Engineer waterways Exp. Station
Geotechnical Laboratory
Airfields and Pavements Division

Geotextile Tensile Test - ASTM D 4595
Secant Modulus at 5% and 10% Elongation

T.C. - 12/97
Test type: Tensile Instron Corporation
series IX Automated Materials Testing System 6.02

Qperator name: GOCDIN Test Date: 16 Jan 1998
Sample Identification: HS1715M Sample Type: FAB.
Interface Type: 4200 Series
Machine Parameters of test:

Sample Rate (pts/pec): 2.000 Humidity ( % }: 50

Crosshead Speed (in/min): .4000 Temperature (deg. F}: 73

Dimensions:
gpec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6
width (in) 8.0000 8.0000 B.0000 8.0000 8.0000 8.0000
Thickness (in} .10000 .10000 ,10000 .10000 .10000 .10000
Spec gauge len {in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
Grip distance: (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000

out of 6 specimens, 0 excluded.

Sample comments:

Load Tensile Displcment Elongation Tensile Tensile Secant Mod Secant Mod

at 8trength @ at at str. @ 5% Str. @ 10% @ 5% @ 10%
Specimen gpecimen # Max.Load Max.Load Max.Load Max.Load Elongation Elongation Elongation Elongation
Number (1bs} (1bg/in) (in} (%) {1bs/in}) (1bg/in) {1ba/in) (1bg/in)

1 M 8659. 1082.0 . 7492 18.73 418.4 678.5 8368 6785

2 14M 8298. 1037.0 .5523 13.81 500.5 832.8 10010. 8328

3 21M 6916, 864.5 .4896 12.24 449.4 746.8 8989 7468,

4 22M 9429 1179.0 . 7168 17.92 414.6 741.7 8292. 7417,

5 23M 7019. 877.4 .5279 13.20 365.2 689.6 7303, 6896.

6 30M 7445, 930.6 .5766 14.42 412.8 715.5 8256. 7155.
Mean: 7961. 995.1 .6021 15.05 426.8 734.1 8536. 7341.
Standard
Deviation: 1000. 125.0 .105% 2.65 45.1 55.5 802. 555,

Cofofvar: 12.56 12,56 17.58 17.59 10.56 7.56 10.56 7.56

Table C.5 ASTM 4595 Group A GT 1715 Machine Direction.
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U8 Army Engineer Waterways Exp. Station
Geotechnical Laboratory
Airfields and Pavements Divigion

Geotextile Tensile Test - ASTM D 4595
Secant Modulue at 5% and 10% Elongation

T.C. - 12/97
Test type: Tengile Instron Corporation
Series IX Automated Materials Testing System 6.02

Operator name: GOODIN Test Date: 15 Jan 1998
Sample Identification: HS1715XM Sample Type: FAB.
Interface Type: 4200 Series
Machine Parameters of test:

Sample Rate (pts/sec): 2.000 Humidity ( % }: 50

Cropshead Speed (in/min): .4000 Temperature (deg. F): 73

Dimengions:
Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6
width (in} 8.0000 8.0000 B8.0000 8.0000 8.0000 8.0000
Thickness (in) .10000 .310000 .310000 .10000 ,10000 ,10000
Spec gauge len (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
Grip distance: (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000

Out of 6 specimens, 0 excluded.

Sample comments:

Load Tensile Displement Elongation Tensile Tensile Secant Mod Secant Mod
at Strength @ at at Str. & 5% gtr. @ 10% ® 5% ® 10%
Specimen 8pecimen #  Max.Load Max.Load Max ., Load Max.lLoad Elongation Elongation Elongation Elongation
Number {1bs}) (1bs/in) (in) (%) (1bs/in) {1bs/in) (1bs/in) {1bs/in)
1 2xM 3618 452.2 4324 10.81 222.8 425.7 4457. 4257
2 4xM 4689 586.1 5370 13.43 234.3 462.2 4685, 4622
3 5xM 3924 490.5 4448 11.12 225.2 445.3 4504, 4453
4 TXM 5064 633.0 .6346 15.87 214.4 417.8 4289, 4178
5 17xM 4661, 582.6 .4901 12.25 248.6 488.5 4971. 4885
6 278%™ 4769, 596.1 .5025 12.56 247.0 484.9 4940. 4849
Mean 4454, 556.8 5069 12,67 232.1 454.1 4641 4541,
Standard
Deviation: 557. 639.6 .0734 1.84 13.7 29.7 275. 297.
Cof0fVar: 12.50 12.50 14.48 14.48 5.92 6.54 5.92 6.54

Table C.6 ASTM 4595 Group A GT 1715 Cross Direction.
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US Army Engineer Waterways Exp. 8tation
Geotechnical Laboratory
Airfields and Pavements Divigion

Geotextile Tengile Test - ASTM D 4595
Secant Modulus at 5% and 10% Elongation

T.C. - 12/97
Test type: Tensile Instron Corporation
Series IX Automated Materials Testing System 6.02

Operator name: GOODIN TPest Date: 22 Jan 1998
gample Identification: MGD1OM Sample Type: FAB.
Interface Type: 4200 Series
Machine Parameters of test:

gample Rate (pts/sec): 2.000 Humidity ( % ): 50

Crosshead Speed (in/min): 4000 Temperature (deg. F): 73

Dimensions:
Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6
width (in) 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000
Thickness (in) .10000 ,10000 .10000 .10000 ,10000 .10000
Spec gauge len (in} 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
Grip distance: (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000

Out of 6 gpecimens, O excluded.

Sample comments:

Load Tensile Displcment Elongation Temsile Tengile Secant Mod Secant Mod

at Btrength @ at at str. @ 5% Str. @ 10% @ 5% @ 10%
Specimen gpecimen # Max.Load Max.load Max,Load Max.lLoad Elongation Elongation Elongation Elongation
Numbexr (1bs) {1bg/in) (in) (%) (1bs/in) (1bg/in) (1bs/in} (1bs/in)

1 8M 2981 372.6 .4571 11.43 198.7 351,2 3974. 3512,

2 1m 3326 415.7 .5192 12.98 200.4 348.2 4008 3482.

3 12M 3093, 386.6 4425 11,06 223.9 369.4 4479. 3694.

4 21M 3384 423.0 .4610 11.52 212.6 380.9 4251 3809.

5 31M 3788, 473.5 .5406 13,52 219.0 374.4 4380. 3744.

6 34M 3341 417.6 5069 12.67 217.5 359.3 4351. 3593,
Mean: 3319. 414.9 4878 12.20 212.0 363.9 4241. 3639,
Standard
Deviation: 279. 34.9 .0396 .99 10.3 13.1 207. 131,
CofOfvar: 8.42 8.42 8.12 8.12 4.87 3.60 4.87 3.60

Table C.7 ASTM 4595 Group B GG 10 Machine Direction.
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US Army Engineer Waterways Exp. Statlion
Geotechnical Laboratory
Airfields and Pavements Division

Geotextile Tensile Test - ASTM D 4595
Secant Modulus at 5% and 10% Elongation

T.C. - 12/97

Test type: Tensile
Operator name: GOODIN

Bample Identification: MGD10XM

Interface Type: 4200 Serieg

Machine Parameters of test:
Sample Rate (pte/sec):
Crosshead Speed (in/min):

Dimensions:

width (in)
Thickness (in)
Spec gauge len {in)
Grip digtance: (in)

Out of 6 specimens, 0 excluded.

Sample comments:

2,000
.4000

Spec. 1 8pec.

8.0000 8.0000
.10000 .10000
4.0000 4.0000
4.0000 4.0000

Displcment Elon
at

Instron Corporation
Series IX Automated Materials Testing System 6.02
Test Date:

Bample Type:

Humidity (% }:

22 Jan 1998

FAB.

50

Temperature (deg. F): 73

8.,0000
.10000
4.0000
4.0000

at
Max.Load
(%)

Spec. 3 Spec. 4

8.0000
.10000
4.0000
4.0000

Spec. 5 Spec. 6

B8.0000 8.0000
.10000 10000
4.0000 4.0000
4.0000 4.0000

gation Tensile

Load Tensile
at Strength @
Bpecimen  Specimen # Max.load Max.Load
Number (1bs) {1bs/in}
1 4xM 931.0 116.40
2 5XM 289.9 36.24
3 9xM 768.3 96.04
4 23XM 850.7 111.30
s 25%M 856.9 107.10
6 27XM 963.2 120.40
Mean: 783.3 97.92
Standard
Deviation: 250.9 31.36
Cofofvar: 32.03 32.03

Tensgile Secant Mod Secant Mod

Str. @ 5% Str. @ 10% ® 5% ® 10%
Flongation Elongation Elongation Elongation
(1bs/in) (1bs/in) {1bg/in) (1bg/in}
68.16 83.04 1363.0 830.4
24.87 34.65 497.4 346.5
39.89 67.90 797.8 679.0
62.37 108.50 1247.0 1085.0
58.37 101.10 1167.0 1011.0
€2.47 105,90 1249.0 1059.0
52.69 B83.50 1054.0 835.0
16.73 28.51 334.5 285.1

31.74 34.14 31.74 34.14

Table C.8 ASTM 4595 Group B GG 10 Cross Direction.
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Us Army Engineer Waterways Exp. Station
Geotechnical Laboratory
Airfields and Pavemente Division

Geotextile Tengile Test - ASTM D 4595
Secant Modulus at 5% and 10% Elongation

T.C. - 12/97
Test type: Tensile Instron Corporation
Series IX Automated Materials Testing System 6.04
Operator name: GOODIN Test Date: 26 Jan 1998
Sample Identification: mgd24m Sample Type: FAB.

Interface Type: 42/43/4400 Series
Machine Parameters of test:

Sample Rate (pta/sec): 2.000 Humidity { % ): 50
Crosshead Speed (in/min): .4000 Temperature (deg. ¥): 73
Dimensions:

Spec., 1 Spec. 2 Spec. 3 Spec. 4 Spec, 5 Spec. 6

Width {in) 8.0000 8.0000 8.0000 8.0000 8.0000 8,0000
Thickness (in) .10000 .10000 .10000 .10000 .10000 .10000
Spec gauge len {in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
Grip distance: (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000

out of 6 specimens, 0 excluded.

Sample comments:

Load Tengile Displement Elongation Tensile Tensile Secant Mod Secant Mod

at Strength @ al at Str. @ 5% gtr, @ 10% @ 5% ® 10%
Specimen Specimen # Max.Load Max.Icad Max,Load Max.Load Elongation Elongation Elongation Elongation
Number {1bs) {1bs/in} {in} {%} {1bs/in) {1bs/in) {1bs/in) {1bs/in)

1 wm 5654. 706.7 .6376 15.94 426.4 611.6 8525. 6116.

2 aM 5579. 697.4 +6557 16.39 421.4 613.6 8428. 6136

3 oM 5339, 667.4 .5395 13,49 444.6 612,1 8892. 6121.

4 1™ 4943. 617.9 .6341 15.85 403.2 553.7 8064, 5537.

5 26M 4420, 552.5 .4587 11.47 424.4 543.1 8489, 5431.

6 28M 3701. 462.6 .4081 10.20 383.6 462.0 7672, 4620.
Mean: 4939. 617.4 +5556 13.8% 417.3 566.0 8346. 5660.
Standard
Deviation: 759, 94.9 -1042 2,61 21.1 59.9 423. 599.
Cofofvar: 15.37 15.37 18.76 18.76 5.06 10.59% 5.06 10.59

Table C.9 ASTM 4595 Group B GG 24 Machine Direction.
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US Army Engineer Waterways Exp. Station
Geotechnical Laboratory
Airfields and Pavements Divigion

Geotextile Tensile Test - ASTM D 4595
Secant Modulus at 5% and 10% Elongation
T.C. - 12/97

Test type: Tensile Instron Corporation

Series IX Automated Materials Testing System 6.02
Operator name: GOODIN Test Date: 23 Jan 1998
gample Ydentification: MGD24XM Sample Type: FAB,

Interface Type: 4200 geries
Machine Parameters of test:

Sample Rate (pte/sec): 2.000 Hunidity { % ): 50
Crosshead Speed (in/min): .4000 Temperature (deg. F): 73
Dimensions:

Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec, 6
wWidth (in) 8.0000 8.0000 8.0000 8.0000 8.0000 8.0000
Thickness (in) .10000 .10600 .10000 .10000 .10000 10000
Spec gauge len {in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
Grip distance: (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000

out of 6 specimens, 0 excluded.

Sample comments:

Load Tensgile Displcment Elongation Tensile Tensile gecant Mod Secant Mod
at gtrength @ at at Str. @ 5% Str. @ 10% ® 5% @ 10%
gpecimen Specimen # Max.Load Max.Load Max.load Max.Load Elongation Elongation Elongation Elongation
Number (1bs}) (1bs/in) (in) (%) (1bs/in) (1bs/in) {1bs/in) (1bs/in)
1 2XM 1777 222.1 1.609 40.22 34.61 71.44 692.2 714.4
2 TEM 1482 185.2 1.354 33.85 50.16 78.94 1003.0 789.4
3 10XM 1770 221.2 1.544 38.60 29.58 71.24 591.5 712.4
4 12xM 1769 221.1 1.461 36.52 42.96 78.49 859.3 784.9
5 16XM 1770 221.2 1.493 37.33 38.84 76.64 776.7 766.4
6 27xM 1835 229.4 1.470 36.75 52.25 82.39 1045.0 823.9
Mean: 1734 216.7 1.488 37.21 41.40 76.52 828.0 765.2
Standard
Deviation: 126. 15.8 .086 2.14 8.B3 4.43 176.5 44.3
CofOfvar: 7.27 7.27 5.76 5.76 21.32 5.78 21.32 5.78

Table C.10 ASTM 4595 Group B GG 24 Cross Direction.
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US Army Engineer Waterwaye Exp. Station
Geotechnical Laboratory
Airfields and Pavements Division

Geotextile Tensile Test - ASTM D 4595
Secant Modulus at 5% and 10% Elongation

T.C. - 12/97
Test type: Tensile Instron Corporation
Series IX Automated Materials Testing System 6.04

Operator name: GOODIN Test Date: 28 Jan 1998
Sample Identification: COM350M Sample Type: FAB.
Interface Type: 42/43/4400 geries
Machine Parameters of test:

Sample Rate (pts/sec): 2,000 Humidity ( % ): 50

Croashead Speed (in/min): .4000 Temperature (deg. F): 73

Dimengions:
Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6
width (in) 8.0000 8.0000 8.0000 8.,0000 8.0000 8.0000
Thickness (in) .10000 .10000 .10000 .10000 .10000 .10000
Spec gauge len (im) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
Grip distance: (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4,0000

Out of 6 specimens, 0 excluded.

Sample comments:

Load Tensile Displcment Elongation Tensile Tensile Secant Mod Secant Mod

at Strength @ at at str. @ 5% Str. @ 10% ® 5% @ 10%
Specimen Specimen # Max.Load Max.Load Max.Load Max.Load Elongation Elongation Elongation Elongation
Nurber (1bs) (1bs/in) (in) (%) {1bs/in) {1bs/in) {1bs/in} (1bs/in)

1 3M 9941. 1243.0 7677 19.19 359.3 652.8 7186 6528

2 5M 8811. 1101.0 7315 18.29 372.1 628.9 7442 6289,

3 ™ 9835, 1229.0 .7131 17.83 410.4 777.8 8207. 7778.

4 13M 11270. 1409.0 7228 18.07 426.3 790.3 8527. 7903.

5 22M 10780. 1348.0 .8667 21.67 369.0 676.4 7379, 6764.

6 26M 4032. 504.0 .5032 12.58 220.0 426.0 4401. 4260.
Mean: 9112. 1138.0 7175 17.94 359.5 658.7 7190 6587,
Standard
Deviation: 2629, 328.6 .1191 2.98 73.2 131.8 1463. 1318.
Cofofvar: 28.85 28.85 16.60 16.60 20.35 20.01 20.35 20.01

Table C.11 ASTM 4595 Group A COM GT 350 Machine Direction.
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US Army Engineer Waterways Exp. Station
Geotechnical Laboratory
Airfields and Pavements Division

Geotextile Teneile Test - ASTM D 4595
Becant Modulus at 5% and 10% Elongation
T.C. - 12/97

Test type: Tensile

Operator name: GOODIN

Bample Identification: COM350XM
Interface Type: 42/43/4400 Series

Machine Parameters of test:

Ingtron Corporation
Series IX Automated Materials Testing System 6.04

Test Date:

Sample Type:

29 Jan 1998

FAB,

Sample Rate (pte/gec): 2.000 Humidity (% ): 50
Crosshead Speed (in/min}: .4000 Temperature (deg. F): 73
Dimensions:
Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6
wWidth (in) 8.0000 8.0000 8.0000 8,0000 B.0000 8.0000
Thickness (in) .10000 .10000 .10000 .10000 ,10000 ,10000
Spec gauge len (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
Grip distance: {in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
out of 6 gpecimens, 0 excluded.
Sample comments:
Load Tensile Displement Elongation Tensgile Tensile fSecant Mod Secant Mod
at Strength @ at at 8tr. @ 5% Str. @ 10% ® 5% @ 10%
Specimen Specimen # Max.Load Max.Load Max.Load Max.Load Elongation Elongation Elongation Elongation
Number (1bs) {1bs/in) (in) (%) (1bs/in) (1bg/in) (1bs/in) {1bs/in)
1 2XM 4557, 569.6 .6141 15.35 228.4 402.7 4568. 4027.
2 4XM 5475. 684.4 6210 15.52 242.0 454.5 4839, 4545,
3 25%M 4726, 590.7 5723 14.31 226.7 433.0 4534, 4330
4 27XM 5219. 652.4 .5894 14.73 237.1 456.6 4742, 4566
5 31xM 4988, 623.5 .6391 15.98 210.3 402.5 4206, 4025,
6 34xM 4549. 568.6 .5001 12.50 242.1 483.0 4842, 4830
Mean: 4919 614.9 .5893 14.73 231.1 438.7 4622 4387
Standard
Deviation: 377. 47.1 . 0497 1.24 12.1 32.2 242. 322
Cofofvar: 7.66 7.66 8.43 8.43 5.24 7.33 5.24 7.33

Table C.12 ASTM 4595 Group A COM GT 350 Cross Direction.

Appendix C ASTM 4595 Material Properties




US Army Engineer Waterways Exp. Station
Geotechnical Laboratory
Airfields and Pavements Division

Geotextile Tengile Test - ASTM D 4535
Secant Modulus at 5% and 10% Elongation

T.C. - 12/97
Test type: Tengile Instron Corporation
Series IX Automated Materials Testing System 6.02

Operator name: GOODIN Test Date: 21 Jan 1998
Sample Identification: COM500M Sample Type: FAB.
Interface Type: 4200 Series
Machine Parameters of test:

Sample Rate (pts/sec): 2.000 Humidity ( % )}: 50

Crosshead Speed (in/min): .4000 Temperature (deg. F): 73

Dimensions:
Spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. &
Width (in) 8.0000 8,0000 8.0000 8,0000 8.0000 8.0000
Thickness (in} .10000 .10000 ,10000 .10000 .10000 .10000
Spec gauge len (in}) 4,0000 4.0000 4.0000 4.0000 4.0000 4.0000
Grip digtance: (in} 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000

out of 6 specimens, 0 excluded.

Sample comments:

Load Tensile Displement Elongation Tensile Tensile Secant Mod Secant Mod
at Strength @ at at Str. @ 5% Str. @ 10% @ 5% @ 10%

Specimen Specimen # Max.Load Max, Load Max,Load Max.Load Elongation Elongation Elongation Elongation
Number (1ba) (1bs/in} {in) (%} (1bs/in) {1bs/in) (1bg/in) (1bs/in}

1 m 12080 1510.0 .6559 16.40 554.7 1011.0 11050 10110

2 aM 10990, 1374.0 .6350 15.88 484.3 903.3 9687. 92033

3 6M 13480 1685.0 .7551 18.88 499.8 920.7 9997 9207,

4 14M 12190 1524.0 .7437 18.59 488.9 834.1 9779 8341.

5 2™ 7193, 899.1 +4971 12.43 496.3 812.4 9926 8124

6 31M 14500 1813.0 .8024 20.06 478.3 923.4 9566 9234.
Mean: 11740. 1467.0 .6815 17.04 500.4 900.8 10010. 9008,
Standard
Deviation: 2538, 317.2 -1102 2,76 27.7 71.1 555. 711,
CofofVar: 21.62 21.62 16.17 16.17 5.54 7.89 5.54 7.89

Table C.13 ASTM 4595 Group A COM GT 500 Machine Direction.
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US Army Engineer Waterways Exp. Station
Geotechnical Laboratory
Airfields and Pavements Division

Geotextile Tensile Test - ASTM D 4595
gecant Modulus at 5% and 10% Elongation
T.C. - 12/97

Test type: Tensile Instron Corporation

Beries IX Automated Materials Testing System 6.02
Operator name: GOODIN Test Date: 21 Jan 1998
Sample Identification: COM500XM Sample Type: FAB.

Interface Type: 4200 Series
Machine Parameters of test:

Bample Rate (pts/sec): 2.000 Humidity ( % ): S50
Cropshead Speed (in/min): .4000 Temperature (deg. F): 73
Dimengiong:

Spec, 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. 6

width (in) 8.0000 8,0000 8.0000 B.0000 8.0000 B.0000
Thickness (in) .10000 .10000 ,10000 .10000 .10000 .10000
Spec gauge len (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
Grip digtance: (in) 4.0000 4.0000 4.,0000 4.0000 4.0000 4.0000

Out of 6 specimens, 0 excluded.

Sample comments:

Load Tensile Displement Elongation Tensile Tensile Becant Mod SBecant Mod
at Strength @ at at Btr. @ 5% Str. @ 10% e 5% ® 10%
Specimen Specimen # Max.Load Max.Load Max.Load Max.load Elongation Elongation Elongation Elongation
Number (1bs) {1bs/in} (in) [L)] (1bs/in} (1bs/in) (1bs/in) (1bs/in)
1 5xM 3234 404.3 .5562 13.810 97.39 265.4 1948 2654
2 BXM 3518 439.7 4995 12.4%0 186.20 364.3 3724 3643
3 9xM 3523 440.4 .4887 12.220 194.50 383.5 3889 3835
4 16xXM 2746 343.2 3474 8.686 216.60  -------- 4331, e------
5 28XM 3279 403.9 4449 11,120 196.80 378.7 3939 3787
6 33xM 3136 392.0 4094 10.230 200.50 384.7 4011, 3847,
Mean: 3239. 404.9 .4577 11.440 182.00  ee-ee--- 3640,  eee----
8tandard
Deviation: 288. 36.0 .0736 1.840 42.64 - 853, -
CofOfVar: 8.88 8.88 16.08 16.08 23.43 - 23.43 -

Table C.14 ASTM 4595 Group A COM GT 500 Cross Direction.
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US Army Engineer Waterways Exp. Station
Geotechnical Laboratory
Airfields and Pavements Divigion

Geotextile Tensile Test - ASTM D 4595
Secant Modulus at 5% and 10% Elongation

T.C. - 12/97
Test type: Tengile Instron Corporation
Series IX Automated Materials Testing System 6.04

Operator name: GOODIN Test Date: 29 Jan 1998
sample Identification: KEVPARA Bample Type: FAB,
Interface Type: 42/43/4400 Series
Machine Parameters of test:

sample Rate (pts/sec): 2,000 Humidity ( % ): 50

Crogghead Speed (in/min }: .4000 Temperature (deg. F): 73

Dimensiong:
spec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec. &
width (in) 8.0000 8,0000 8.0000 8.0000 8.0000 8.0000
Thickness (in) .10000 .10000 .10000 .10000 .10000 .10000
Spec gauge len (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
Grip distance: (in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000

out of 6 specimens, 0 excluded.

Sample comments:

Load Tensile Digplement Elongation Tensile Tensile Secant Mod Secant Mod

at Strength @ at at Str. @ 5% Str. @ 10% @ 5% ® 10%
Specimen Specimen # Max.Load Max.Load Max.Load Max.Load Elongation Elongation Elongation Elongation
Number (1bs) (1bs/in) (in) (%) (1bs/in) {1bg/in) {1bs/in) {1bs/in)

Standard
Deviation: 243, 30.4 10173 432 20.5 410. -
CofofvVar: 4.51 4.51 5.86 5.86 3.81 3.81 -

Table C.15 ASTM 4595 Group A COM K 1084 Machine Direction.
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US Army Engineer Waterways Exp. Station
Geotechnical Laboratory
Airfields and Pavements Division

Geotextile Tensile Test - ASTM D 4595
fecant Modulus at 5% and 10% Elongation

T.C. - 12/97
Test type: Tensile Instron Corporation
Series IX Automated Materials Testing System 6.04

Operator name: goodin Test Date: 28 Jan 1998
Sample Identification: KEVPERP Sample Type: FAB.
Interface Type: 42/43/4400 Series
Machine Parameters of test:

Sample Rate (pts/sec): 2.000 Humidity (% }: 50

Crogshead Speed (in/min): .4000 Temperature (deg. F): 73

Dimensions:
Bpec. 1 Spec. 2 Spec. 3 Spec. 4 Spec. 5 Spec, 6
width (in} 8.0000 8.0000 88,0000 8.0000 8.0000 8.0000
Thickness (in) .10000 .10000 .10000 .10000 .10000 .10000
8pec gauge len {in) 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000
Grip distance: (in} 4.0000 4.0000 4.0000 4.0000 4.0000 4.0000

out of 6 specimens, 0 excluded.

Sample comments:

Load Tengile Digplcment Elongation Tensile Tensile Secant Mod Secant Mod

at Strength @ at at Str. ® 5% Str. @ 10% ® 5% ® 10%
gpecimen Specimen # Max.Load Max.load Max, Load Max.Load Elongation Elongation Elongation Elongation
Number {1bs} (1bg/in) {in) (%) (1bs/in) (1bs/in} {1bs/in) (1bg/in)

1 10PE 4446, 555.7 .3039 7.538 418.7 8374

2 4FE 4753. 594.1 -2595 6.488 511.3 10230

3 14PE 4977. 622.1 .2697 6.743 515.0 10300

4 TPE 4855, 606.9 .2967 7.418 454.6 9091

5 9PE 4984. 623,0 .2868 7.171 480.8 9616

6 5PE 4879. 609.9 .2942 7.355 496.7 9935
Mean: 4816, 602.0 .2851 7.129 479.5  c------ 9590. -------
Standard
Deviation: 200. 25.0 .0171 428 37.1 - 742 -
CofofVar: 4.16 4.16 6.00 6.00 7.74 - 7.74 -

Table C.16 ASTM 4595 Group A K 1084 Cross Direction.
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US Army Engineer Waterways Exp. Station
Geotechnical Laboratory
Airfields and Pavements Division

Geogrid Tensile Test

Test type: Tensile Instron Corporation
Series IX Automated Materials Testing System 6.04
Operator name: GOODIN Test Date: 30 Jan 1998

Sample Identification: UXM Sample Type: GRID
Interface Type: 42/43/4400 Series .
Machine Parameters of test:

Sample Rate (pts/sec): 2,000 Humidity ( % }: 50
Crosshead Speed (in/min): .4000 Temperature (deg. F): 73
Dimensions:
Sample
wWidth (in} .22000
Thickness (in) .06300
Spec gauge len (in} 4.0000
Grip distance: {in} 4.0000

out of 6 specimens, 0 excluded.

Sample comments:

Load Tensile Displcment Elongation Tensile Tensile Secant Mod Secant Mod
at Strength @ at at str. @ 5% Str. @ 10% ® 5% @ 10%

Specimen Specimen # Max.load Max.Load Max.Load Max.Load Elongation FElongation Elongation Elongation
Number (1bs} (1bz/in) {in) {%) {1bg/in) {1bg/in) {1bs/in) (1bs/in)

1 M 240.1 1091 .3546 8.866 840.4 814.3 16810 8143

2 M 302.1 1373 4455 11,140 878.5 1319.0 17570, 13190.

3 3M 360.9 1640. .5956 14.880 899.0 1366.0 17980 13660

4 4M 329.0 1495 .5151 12.880 894.1 1351.0 17880. 13510

5 5M 316.9 1440 .5027 12.570 882.0 1329.0 17640, 13290

6 6M 349.4 1588 .5536 13.840 878.8 1377.0 17580. 13770.
Mean: 316.4 1438. .4945 12.360 878.8 1259.0 17580. 12590.
Standard
Deviation: 43.0 196. .0851 2.126 20.6 219.1 413, 2181.
Cofofvar: 13.60 13.60 17.20 17.20 2.35 17.40 2.35 17.40

Table C.17 ASTM 4595 Group B GG 1500 Machine Direction.
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Figure C.1 ASTM 4595 Group A GT 600 Machine Direction.
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Figure C.2 ASTM 4595 Group A GT 600 Cross Direction.
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Mirafl HS 800 Machine Direction
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Figure C.3 ASTM 4595 Group A GT 800 Machine Direction.
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Figure C.4 ASTM 4595 Group A GT 800 Cross Direction.
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Figure C.5 ASTM 4595 Group A GT 1715 Machine Direction.
Mirafi HS 1715 Cross-Machine Direction
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Figure C.6 ASTM 4595 Group A GT 1715 Cross Direction.
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Figure C.7 ASTM 4595 Group B GG 10 Machine Direction.
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Figure C.8 ASTM 4595 Group B GG 10 Cross Direction.
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Figure C.10 ASTM 4595 Group B GG 24 Cross Direction.
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Figure C.9 ASTM 4595 Group B GG 24 Machine Direction.
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Comtrac 350 Machine Direction
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Figure C.11 ASTM 4595 Group A COM 350 Machine Direction.
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Figure C.12 ASTM 4595 Group A COM 350 Cross Direction.
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Figure C.14 ASTM 4595 Group A COM GT 500 Cross Direction.
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Figure C.13 ASTM 4595 Group A COM GT 500 Machine Direction.
Comtrac 500 Cross-Machine Direction
——5XM (1)
~x- 8XM (2)
9XM (3)
16XM (4)
—%—28XM (5)
—~o—33XM (6)

Appendix C ASTM 4595 Material Properties




800

Kevlar(Parallel) Machine Direction

700

600

500

)
3

Tenslle Strength (1bs/In)
-y
3

200

| et
S
I Sy

|
!

100 V
ol
0 5 10
Tenslle Strain(Percent)
Figure C.15 ASTM 4595 Group A K 1084 Machine Direction.
Figure C.16 ASTM 4595 Group A K 1084 Cross Direction.
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Figure C.17 ASTM 4595 Group B GG 1500 Machine Direction.
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Figure C.18 ASTM 4595 Group B GG 1500 Cross Direction.
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