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ABSTRACT: Geotextiles are playing an increasingly important role in civil and envi-
ronment engineering applications. The performance characteristics of woven and
nonwoven geotextiles and tensile test methods are reviewed. To better simulate the
in-soil tensile behavior of nonwoven geotextiles, it is desirable to test their tensile prop-
erties when they are under a lateral confining pressure, and this often requires complex
loading fixtures. In this study, a simple test device and a special test method are devel-
oped for testing the tensile properties of geotextiles under confining pressure. The con-
fining device consists of two airtight aluminum chambers covered with flexible rubber
membranes between which the specimen is placed, pressurized, and tested. By using
specially prepared “composite” specimens, the test device can be used as an attachment
to any ordinary tensile test setup. Tests are conducted on two types of nonwoven
geotextiles, on an Instron tester with the confining pressure device installed. The tensile
behavior of the geotextiles with and without confining pressure is evaluated and the
results are reported.
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INTRODUCTION

GEOTEXTILES ARE USED with geotechnical materials as an integral part of a
man-made project, structure, or system. In a given application, a geotextile

can perform one or several functions, including drainage, waterproof membrane,
solid filter, liquid filter, reinforcement, separator, absorber, and binder (Ingold
1994, Fluet 1989). Examples of using geotextiles as reinforcement include
subgrade reinforcement to increase its load carrying capability, and soil stabili-
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zation to allow a steeper slope angle to be built without failure due to soil’s own
weight, especially when soaked with water. When geotextiles are used to rein-
force soil, the underlying concept is to introduce into the soil structure other
components that increase bonding between grains. These inclusions modify the
mechanism of transmission of applied loads: the resulting composite material is
able to sustain greater tensile forces, is more resistant and ductile than the origi-
nal soil, and maintains essentially the same permeability and drainage capabil-
ity. Significant cost savings may result from using geotextiles due to reduced
need for land space, high-quality soil, and maintenance.

In this paper, the characteristics of woven and nonwoven geotextiles are
briefly summarized. Tensile test methods for geotextiles are reviewed. A simple
tensile test method for nonwoven geotextiles under confining pressure is
presented. Some test results using this device are presented.

GEOTEXTILES AND TENSILE TEST METHODS

There are two types of commonly used geotextiles: woven and nonwoven.
The woven fabric is made by interlacing two sets of yarns, warp yarns in the
machine direction and filling yarns in the cross direction, as shown in Figure 1.
Stretching the fabric in either direction (warp or filling) involves straightening
and stretching the yarns. Generally for geotextiles, the level of yarn crimp
(waviness due to undulation) is low, and the external tensile force is carried by
the yarns directly. The tensile behavior of a woven geotextile, schematically
illustrated in Figure 2, shows initially a strain hardening response due to yarn
straightening, followed by a high stiffness response as the yarns are being
stretched. When the yarns in the load direction are straightened, the
FIGURE 1. Woven geotextiles.
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FIGURE 2. Schematic illustration of the tensile response of geotextiles.
perpendicular yarns are forced to have a higher level of undulation, or an
increase in crimp. This phenomenon, termed crimp exchange, leads to a
narrowing of the fabric in the perpendicular direction. Because yarns in woven
fabrics are directly carrying the load, the tensile response of the fabric is not
significantly affected by the application of a lateral pressure.

Nonwoven fabrics are finding increasing applications in apparel, household,
industrial, medical, and other applications. They are often made by needle
punching, web bonding, melt blown, and spun bonding methods (Turbak,
1993). Most nonwoven fabrics for geotextile applications are made by the
needle punching method. In a typical process, continuous filaments are
extruded, drawn, and deposited on a belt to form a web. The web is then
consolidated by repeatedly allowing a bank of barbed needles to punch through,
interlocking the filaments. Figure 3 shows a needle punched nonwoven fabric.
FIGURE 3. A needle punched nonwoven fabric.
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In contrast to the woven fabric, the needle punched nonwoven fabric contains
fibers in all the directions following highly contoured paths, and the fibers are
held in place by the fiber-to-fiber friction. The tensile behavior of the
nonwoven is highly dependent on the lateral pressure, as it controls the magni-
tude of the friction.

When a nonwoven geotextile is subjected to tension, the fibrous network
deforms in an effort to align the fibers in the force direction. Fiber slippage
occurs gradually as some of the tightly held fibers overcome the frictional resis-
tance due to fiber entanglement. In comparison with a woven fabric, a
nonwoven fabric shows a lower stiffness (modulus) and more severe lateral
contraction under direct tension, due to the network extension and fiber slip-
page mechanisms. Figure 4 illustrates the deformation pattern of a polypropy-
lene nonwoven fabric in a tensile test. The original specimen size in the test
section is 76.2 × 76.2 mm. Significant transverse contraction can be seen as the
load increases. Due to this contraction, the fabric is subjected to biaxial tension
at the specimen edges near the jaws. To minimize this edge effect, a wide spec-
imen may be used in the tensile test.

Figure 2 compares schematically the responses of woven and nonwoven
geotextiles. Although nonwoven geotextiles are generally less stiff and weaker
than woven fabrics with similar weights, they do show a higher breaking exten-
sion. Because of this high level of deformablility and tolerance to local punc-
ture damages, nonwoven fabrics can have a better survivability than woven
fabrics under certain service conditions. Therefore, the type of fabric should be
selected to match the performance requirements and application conditions.

Tensile behavior no doubt has a great effect on the performance of the
geotextile when it functions as membrane, binder and tie. Traditional test
methods used to evaluate the tensile behavior of geotextiles include loading
under puncture, tear, and tensile conditions. The corresponding ASTM stan-
dards (ASTM 2001) are summarized in Figure 5.

The puncture test measures the force required to puncture a geotextile. The
ASTM test method D 4833 uses an 8 mm diameter (d) plunger to puncture a
circular specimen with a 45 mm exposed diameter (D); while ASTM D 6241
uses a 50 mm plunger on a 150 mm diameter specimen. The loading conditions
in these tests are relatively complex. The specimen is mostly subjected to
biaxial tension, and the specimen sections close to plunger and the clamping
rings are subjected to some lateral (i.e., in thickness direction) pressure with
varying magnitude. Since the puncture test measures the force, woven fabrics
generally perform better under this condition. However, caution should be exer-
cised when selecting fabrics based on this test. For example, when a fabric is
placed between crushed rocks and soil, the puncture failure is determined by
both the puncture resistance force and the fabric’s extensibility.

The trapezoid tear test is a measure of the resistance of geotextiles to a
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FIGURE 4. Tensile deformation pattern of a needle punched nonwoven fabric. From top to bottom,
the corresponding load is: 0, 222, 667, 1333 N.
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FIGURE 5. Illustration of test methods of geotextile tensile properties: (a) Puncture, ASTM D 4833
and D 6241; (b) Trapezoid tear, ASTM D 4533; (c) Wide-width strip tensile, ASTM D 4595; and (d)
Grab tensile, ASTM D 4632.
concentrated, local tensile force (ASTM D 4533). The stress is essentially
uniaxial tension, but the stress magnitude varies greatly along the tear line. The
resistance is highly dependent on the structure of the fabric, especially the
mobility of fibers or yarns in the fabric. A structure with a high level of fiber or
yarn mobility in the fabric (i.e., a loose structure) generally shows a higher
resistance to tear, because the movement of fibers or yarns allows a wider area
of the fabric to carry the load.

The measurement of the overall, or global tensile response of a geotextile
should be done by a direct tensile test where the specimen is subjected to a
uniform, uniaxial tensile stress. This in practice, however, is difficult to achieve.

To minimize the effect of fabric’s transverse contraction, a 200 mm wide
fabric specimen is used in the wide strip tensile test at a 100 mm gage length, as
described in ASTM D 4595. The tensile strength, modulus and breaking elon-
gation from this test are often used in design equations. The method is also
applied to measuring the strength of seams of geotextiles (ASTM D 4884). The
grab tensile test (ASTM D 4632) is very simple to perform, and it does not
require special test fixtures. However, because the exact test area of the fabric
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sample is not very well defined, the result is not the true tensile response of the
fabric, and its use is generally limited to ranking fabrics tested under the same
condition.

DEVICE FOR TESTING WITH CONFINING PRESSURE

The wide strip tensile test is generally adequate for woven geotextiles due to
their insensitivity to lateral pressure. For nonwoven geotextiles, the test may
not reflect the end use behavior of a wide geotextile under pressure exerted by
the soil and external loads. For needle punched nonwovens, the effect is espe-
cially pronounced because the lateral pressure directly changes the frictional
force among fibers in the fabric, thus affecting the fabric’s tensile behavior. For
such geotextiles, the wide strip tensile test underestimates the strength and
modulus, resulting in an over-prescription of the amount of geotextiles needed
for a given design case.

To simulate the tensile behavior of nonwoven geotextiles with confining
pressure, McGown et al. (1982) and Andrawes et al. (1984) have developed an
in-soil test apparatus (Figure 6). It consists of a metal box with two bellows for
applying a confining pressure through a layer of soil. The McGown fixture
meets the need of tensile testing with confining pressure. However, because the
clamps must fit between the rubber membranes inside the chamber, a special
set of very thin clamps is needed. This limits the availability of this test device
for general testing.
FIGURE 6. In-soil test apparatus (Andrawes et al., 1984).
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Ideally, the clamps for geotextile samples should be outside the confining
chamber so that ordinary grips can be used. The pressure chamber would then
be used as a removable attachment. However, this simple arrangement would
not work well because as the test proceeds, sections of the specimen would be
pulled out of the pressure chamber and no longer be subjected to a confining
pressure. The pulled out sections would deform at a much higher rate than that
inside the chamber; thus the specimen is subjected to a nonuniform confining
pressure. This problem is avoided in the McGown fixture by using very thin
clamps that fit inside the chamber.

In this study, a device and a procedure are developed which allow the use of
a stand alone pressure chamber and ordinary grips outside the chamber for a
confined tensile test. The problem of developing a nonuniform confining pres-
sure as the test proceeds is avoided by the use of a specially prepared composite
specimen. The composite test specimen is prepared such that the response of
the middle part of the specimen under uniform confining pressure can be deter-
mined. This is done by applying glues to the specimen excluding the middle
section, as shown in Figure 7. The glued section, due to the restriction on fiber
mobility, is much stiffer and its response is not significantly affected by the
confining pressure. This is confirmed by observing identical responses for spec-
imens that are fully glued and tested with and without confining pressure.
Therefore, the stress-strain response for the glued section of a specimen under
confining pressure can be readily measured by testing a fully glued specimen
without confining pressure. From this load-extension response of a fully glued
specimen, the load-extension relation for a glued section can be calculated
assuming the deformation is uniform along the specimen length. To ensure
accuracy, this test to verify the independence of confining pressure for glued
specimens should be conducted when a new fabric, adhesive or test condition is
used.
FIGURE 7. Geometry of test specimen (unit: mm).
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As shown in Figure 8, the response of the geotextile fabric (load versus δ1)
under confining pressure can be determined from: (a) the response of the glued
section (load versus δ2), measured separately, and (b) the response of the
composite (partially glued) specimen (load versus δ3), whose middle section is
under a uniform confining pressure during the test.

The test device used in this study is designed to allow for tensile test of
geotextiles on an ordinary testing machine, such as an Instron tester. It consists
of two airtight aluminum chambers, each having one face covered with a flex-
ible rubber membrane, as shown in Figure 9. The test specimen is placed
between the two rubber membranes, which apply a pressure to the specimen
when the chambers are inflated with air. This test device appears to be similar
to that of McGown, but it is much simpler.

During the tensile test, the applied pressure is monitored by two simple
water-level pressure gages linked with the chambers. The pressure gage
consists of a plastic tube connected to the pressure chamber. The pressure
inside the chamber (Pin) is read from the difference in water levels in the “U”
section of the tube. To relate Pin to the confining pressure on the specimen, the
flexibility of the membranes is measured. At Pin equal to 1.4 kPa, the rubber
membrane rises 14 mm, and at Pin equal to 6.3 kPa, the membrane rises 30.5
mm. Since the space between the two membranes is only 3 mm and the rise for
each membrane is limited to 1.5 mm, the pressure needed to inflate the
membranes until they touch each other is negligible. In this study, the pressure
inside the chamber (Pin) is regarded to be equal to the confining pressure
applied on the specimen.
FIGURE 8. Calculation procedure.
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FIGURE 9. Schematic and photograph of the test device used in this study.
TEST SAMPLES

Two types of geotextiles are chosen for the study: Sample A: Polyfelt TS 650
and Sample B: Polyfelt TS 750. They are needle punched nonwoven fabrics
made of polypropylene fibers. Their unit mass is approximately 360 g/M2.
Samples are cut in two directions for testing: MD (machine direction) and XD
(cross direction). Each sample includes specimens that are fully glued and
partially glued. Figure 7 indicates the dimensions of the partially glued speci-
mens. Each configuration includes two specimens; one is tested without pres-
sure, and one under confining pressure. Partially glued specimens are marked at
the boundaries between the glued and unglued parts along the length of fabric.
There are eight specimens for each sample.

TEST AND RESULTS

Tensile tests are conducted at a constant rate of extension of 20 mm/min. The
specimen is wrapped with a transparency film to reduce the friction between the
specimen and the rubber membranes. The first test is performed to verify the
calculation procedure presented in Figure 8, by testing composite specimens
without the confining pressure chamber. During this test, the change in length
of the middle unglued section is measured at different load levels. Figure 10
shows the test curves for such a partially glued specimen from Sample A (MD)
without confining pressure. There are three curves which represent the tensile
responses:
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FIGURE 10. Load-strain responses of a composite specimen tested without confining pressure
(Sample A, MD).
1. The middle unglued section: This curve is obtained from the middle part where
extension is measured frequently during the test.

2. The entire specimen: This response is automatically recorded by the Instron
tester.

3. The end glued sections.

From the first two curves, the third curve can be derived for the end glued
sections. It is found that the calculated response for the glued section matches
well with that from a test of a fully glued specimen. It can also be seen that the
tensile stiffness of the glued sections is much greater than that of the unglued
section. It confirms that gluing can effectively increase the integrity of the
nonwoven specimen under external loads to facilitate testing under complex
conditions.

Figure 11 and Figure 12 show the tensile response of the test specimens in
the machine (MD) and cross (XD) directions when tested both with a confining
pressure (9.0 kPa for Sample A and 9.7 kPa for Sample B) and without the
confining pressure. The stress (N/m) is obtained from the load (N) per unit
width (m) of the specimen. It is seen that in all the cases, the nonwoven fabric
is stiffer even under this moderate level of confining pressure.

Part of the increase in load at a given extension is caused by the friction
between the specimen and the plastic films. A test to measure the friction force
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FIGURE 11. Tensile stress-strain responses of Sample A with and without confining pressure.
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FIGURE 12. Tensile stress-strain responses of Sample B with and without confining pressure.
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by pulling out a specimen with one end unrestricted finds that the frictional
force is about 25 N at the test confining pressures. Since this test represents the
extreme case for the upper bound of the friction force, the friction contribution
is negligible. Therefore, with the application of a confining pressure, the
change in tensile response is due to the increased integrity of the fiber
assembly. With the lateral pressure, fibers are pressed tightly to develop a
greater level of frictional resistance to reduce the tendency of fiber slippage.

SUMMARY

This paper reviews the tensile characteristics of woven and nonwoven
geotextiles and typical standard testing methods. For needle punched nonwoven
geotextiles, there is a need for a simple tensile test with confining pressure to
simulate the in-use loading condition.

A test device and test procedure are developed allowing tensile test of
nonwoven geotextiles under confining pressure. The device is a simple addition
to a testing machine, using existing gripping jaws to load the specimen. To
determine the response of only the specimen section under a uniform confining
pressure, a composite, partially glued specimen is used. The feasibility of such
a test setup is demonstrated. Following the basic concept, larger confining
chambers can be built that would allow the testing of a wider specimen using,
for example, fixtures for the wide strip tensile test.

The response of two geotextile samples are tested with and without the
confining pressure. At 9.0 to 9.7 kPa confinement, a significant increase in
tensile stiffness is observed. Further tests on other fabrics, at different confining
pressures, and even introducing a thin soil layer should be carried out.
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