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A Wide Strip Tensile Test of Geotextiles 

Essai de traction des geotextiles sur eprouvette large 

A strip tensile test program studied the efEects of test 
variables on laboratory measurement of tensile loads and 
strain. Considered were specimen size and aspect ratio, 
rate of strain, test methods, and sampie variability. 
The specimen size is not very s ignificant for ultimate 
load measurernents. Noduli of geotextiles, however, varied 
significantly \vith specimen size and aspect ratio for non
woven fabrics. Effects of specimen \oJidth were insigni
ficant for woven geotextiles. 

On the basis of these data, a wide strip tensile test with 
specimen 200 mm (6 inches) wide and 100 rnrn (4 inches) 
gauge length is recommended for routine measur ement of 
tensile properties. At this specimen size, the tensi1e 
load-strain plots of the six geotextiles tested were not 
significantly different from those obtained from plane
strain t ests. Strain rates of 1-1/4 to 12 percent per 
minute did not show significant difference in the resu1ts 
and 10 percent is recommended. In view of the sample 
variability of geotextiles J aprecision of ± 10% at 95% 
probability is recommended to provide acceptab1e accuracy. 

INTRODUCTION 

The satisfactory field performances of geotextiles in 
civi1 engineering applications such as ear th reinforce
rnent depend to a large extent on the tensile loads and 
strain properties of the geotexti1es. It is agreed un
equivocally that the standard laboratory tensile tests 
used for textile fabries do not represent the field 
conditions normally irnposed o n geotextiles. In many 
applications the geotextiles are stressed in plane
strain conditions. Therefore, the standard t e nsile tesls 
used f or textile fabrics are generally considered as lIin
appropriate and misleading ll for geotextiles (1). Various 
new test methods including a hydraulic trough- test with 
zero transverse strain (1), biaxial tensil e tests (2), 
cylindrica1 sleeve tests-(3), and others have been ~e
vised and suggested for laboratory evaluation of geotex
tiles. These test methods have the capability of dupli
cating the in-si tu load and strain conditions of geotex
tiles; hm.,rever, all are believed to be too complex for 
routine laboratory use. 

This paper presents the results of a laboratory investi
gation to develop a wide strip tensile test appropriate 
for routine laboratory measurement of tensil e stress and 
strain properties of geotextiles (4). A total of J6J 
tensile test runs were performed o~ six typical geotex
tiles to include test variables of specimen size, width 
to length ratio, rate of strain, plane-strain and uni
axial loading, and sampie variabi1ity. The plane-strain 
condition was simulated by insta1ling light wooden 
brackets set with pins to r es train the test specimen from 
contracting in the transvers e direction (~). 

L'influence des variables d'essais sur les mesures en 
laboratoire des efforts de tension et des proprietes a la 
deformation a ete etudiee. Les parametr es suivants ont 
ete consideres: dimension de I 'eprouvette et rapport 
longueur sur largeur, taux de deformation, methode em
ployee ainsi que variabilite de l'echantillon. La taille 
de l'~prouvette est negligeable dans 1e cas des mesures 
a la charge de rupture. Par contre, dans le cas de geo
textiles non tiss~s, les modules des geotextiles ont 
change d'une maniere significative avec la taille de 
l'eprouvette et le rappor t longueur sur largeur. L'influ
ence de La largeur de I'eprouvette a ete negligeable pour 
les geotextiles tisses. Suivant ces resultats, on recom
mende une eprouvette large de 200 rnm et langue de 100 mm. 
Avec ces dimensions, pour les six geotex tiles utilises, 
les courbes de l'effort de tension en fonction de 1a defor
mation n'apparaissent pas tres differentes des courbes ob
tenues dans 1e cas d'experience en deux dimensions. Des 
Taux de deformation de 1-1/4 a 12% par minute n'ont pas 
montr~ de difference significative dans les r~sultats; et 
on recommende d'utiliser 10%. Une precision de ± 10\ a 
95% de probabilite est recommendee. 

TEST EQUIPMENTS AND PROCEDURE 

The equipments used in this experimental work consisted 
of standard t e nsi1e t esting machines, automatie load and 
elongation recorder and special wide jaws. The special 
jaws consisted of 229 mm (9 inches) wide by 57 mm (2-1/4 
inches) high serrated faces. Specimens wer e trimmed to 
the final dimensions to a tolerance of ~ 3 mrn (1/8 inch). 
Each specimen was weighed to evaluate sample variabi1i
ties. The specimens were installed in the special jaws, 
rnounted i n the tensi1e test machine, and loaded at a 
constant rate of strain at laboratory temperature. 

SAMPLE SELECTION 

The type of geotextile construction has a great influence 
on the tensile load and strain characteristics . There
fore, several geotextile constructions were selected for 
testing as shown in Table 1. 

Table 1. Geotextiles Investigated 

Number 
Nlv-l 

Nlv-] 

NW-5 

NW-6 

\"1-4 
C-l 

Fiber-Polymer 
Continuous Polyester 

Continuou5 Polypropylene 

Continuous Polypropylene 

Staple Polypropylene 

Monofi1ament POlypropylene 
Slit Film Polypropylene 

Construction 
Nonwoven 
Resin bonded 
Nonwoven 
Heat bonded 
N0nwoven 
Needlepunched 
Nonwoven 
Needlepunched 
'NI')Ver:. 

W(~ven-need1ed 

nar 
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EXPERIMENTAL RESULTS 

The testing program is listed in Table 2. Test variables 
were specimen size and aspect ratio (defined as specimen 
width to gauge length), rate of strain, test method, and 
sarnple variability. 

Table 2. Strip Tensile Test Series 

Strain 
Rate 

Series Test Width x Gauge (% per Fabrics Specimens 
Number Method Length (mm) minute) Tested Each Test 

1 strip 200 x 25 MD 5 6 
200 x 50 MD 5 6 5 
200 x 100 MD 5 6 5 
200 x 200 MD 5 6 5 

2 Strip 25 x 100 MD 6 5 
50 x 100 MD 6 5 

100 x 100 MD 6 5 
150 x 100 MD 5 6 5 

Strip 200 x 100 MD 1-1/4 6 3+ 

200 x 100 MD 12-1/2 6 S 

4 Plane- 200 x 100 ~ID 5 6 5 
Strain 

Notes: MD = Machine Direction 
+ 
since the strain rate was very slow, only three 
specirnens were tested for each fabric. 

The laboratory roam temperature and humidity were 
68'F to 82'F and 20% to 58%. 

Effect of Specimen Size and Aspect Ratio 

Test Series 1 and 2 were perforrned to investigate the 
effect of aspect ratio on the tensile test results. In 
Test Series 1, specimen gauge length, defined as the 
initial length of fabric between the test jaws, was 
varied from 25 mm (1 inch) to 200 mm (8 inches) and the 
specimen width was constant at 200 mrn (8 inches). In 
Test Series 2, the specimen width was varied from 25 mm 
(1 inch) to 200 mm (8 inches) and the specimen gauge 
length was invariant at 100 mm (4 inches). The results 
of the Series 1 and 2 tests are presented in Figures 1 
to 10. 
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FIGURE 2: Ultirnate Strain vs. Gauge length 
Specimen Width 200 rnm (8 inches) 

Figures 1 and 2 show the ultimate loads (strength) and 
strains plotted as functions of specimen gauge lengths 
with specimen width constant at 200 mm (8 inches). The 
strength remained practically constant for all geotex
tiles, except for W-4 which showed about 14% increase 
with increase in gauge length. The ultimate strains 
generally decreased with increase in length. This de
crease was most pronounced for very short specimens and 
for woven fabrics. 

Figures 3 and 4 present loads at 10% strain and strains 
at 40% strength as functions of gauge lengths. The loads 
on the woven geotextiles increased by about 50% with 
increase in the gauge length up to 50 mm (2 inches) and 
then remained practically constant with further increases. 
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FIGURE .3: Load vs. Gauge Length. 
Specimen .. idth 200 rnrn (8 inches) 
Strain = 10 percent 

200 

The loads for the nonwoven geotextiles showed less ef
fects. The strains decreased with increase in specimen 
gauge length to 100 mm (4 inches) for the bonded nonwoven 
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and woven geotextiles, however, for the needlepunched 
nonwovens, they increased. 
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FIGURE .4: Strain vs. Gauge Length 
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Figure 5 shows that ultimate loads (strengths) of geo
textiles remain almost constant with increase in speci
men width for the 100 mm (4 inches) wide specimens. How
ever, Figure 6 shows that ultimate strain may be signifi
cantly affected depending on geotextile structure. 

Figures 7 and 8 show plots of stresses at 10% strain and 
strains at 40% strength respectively as functions of 
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FIGURE .5: Strength vs. Specirnen Width. 
Gauge 1ength 100 mm (4 inches) 
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specimen width. The stresses of the nonwovens increased 
by 5% to 100% with increase in specirnen width up to 100 
mm (4 inches). For wider specimens, the stresses re
mained practically constant. Far the wavens, the initial 
stresses remained practically ~onstant at all specimen 
widths. The strains of the needlepunched nonwovens de-

Second International Conference on Geotextiles, 
Las Vegas, U.SA 

" .e< 

'" "'0 
'-'''' CI) 

Q) 

'-' 

'" ",0 
0"'''' 
'"' --< 
:co 

0 
N 

0 
25 

• 
50 

Specimen Width millimeter 

o NW-I 
o NW-3 

• NW-5 
t::. NW-6 
o W-4 

• C-I 
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creased with increases in specimen widths to 100 mm (4 
inches ). For the wovens and bonded nonwavens , however , 
the specimen width did not appear to have a significant 
effect. 

The results of Series 1 and 2 tests are combined in 
Figures 9 and 10. The trends are similar for all geo 
textiles; however, for woven geotextiles, the loads and 
strains are most influenced by aspect ratios greater than 
4.0, whereas , the nonwoven fabrics are most influenced 
by aspect ratios less than 2.0. 

o NW-I t:>. NW-6 
o NW-3 0 W-4 

• NW-5 • C-I 

8 
Aspect Ra ti o (w i dth/g au ge length) 

FIGURE 9: Lo ad vs. As p ect Rat io 
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FI GURE 10: S train v s . As pe c t Ra tio 

Load = 40 % s tren g t h 

Effect cf Strain Rate 

The results cf Series 3 tests i n which strain rates trom 
1-1/4 to 12-1/2 percent per minute were applied to speci
mens of size 200 mm (8 inches) wide and 100 mm (4 inches) 
gauge length are presented in Table 3 . The ultima te ten
sile loads da not show any consistent trend with varia
tion in strain rates. Further , plots of the test results 
shewed that strain rates from 1-1/4 to 12-1/2 percent per 
minute for practical purpases show the same tensile load 
and strain behavior. These plots are not included due 
to space limitations . 

Effect of Test Nethod (Plane- Strain Versus Strip Tensile 

Tests) 

For Test Series 4, plane-strain condition was simulated 
on spec i mens of size 200 mm (8 inches) wide and 100 mm 
(4 inches) leng by instal1ing light wooden brackets set 
with pins similar to the ones devised by Sissons (1) to 
restrain the specirnens fr am lateral contraction (necking) 
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Table 3 . Ultimate Load and Strain at Different Strain 
Ra t es 

12 1/2\ per 1-1/4% per 
minute 5% Eer minute minute 

Load Strain Load St rain Load Strain 
Fabric kN/.rn % kN/m % kN/m ,. 

Nlv-1 8 . 0 5 23 7 . 70 22 7. 88 23 
NW-3 13 .65 49 13 .30 53 13. 30 62 
NW-5 0 .032 * 97 0 .03 0 ' 91 0. 036 ' 115 
NI'i-6 8.23 56 8 . 23 60 8.58 65 
1;-4 36 .93 22 40 . 25 28 38 . 85 29 
C-1 23 .10 14 23.63 15 22. 05 17 

*Norrnalized to gm/rn 
2 

1 Ibs/inch 0.175 kN/m 

Figur es 11 t o 13 shO\\I' plots of the t ensile load - strain 
curves for the geotextiles mv-I, NW-3, and NW-6. It is 
apparent from these curves that the two test methods 
(strip tensile and Sissons plane-strain) give almost 
ident ical res ults fo r the specimen s ize 200 rnm (8 i nches) 
wide and 100 rnrn (4 inches) lang. This \'Jas also true for 
the other geotextiles tested. 
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Effect of SampIe Variabi1ity 

A minimum of five specimens were tested for each test 
variable. All the results presented in previous sections 
are averages of five specimens. Table 4 presents the 
maximum coefficients of variation calculated from Series 
1 to 5 test results and the minimum number of specimens 
required to obtain three different levels cf precisions 
on the basis of Student Ist-distribution (§). 

Table 4 . Test Specimens Required for Different Precisions 
and Probability Levels 

r·lax. ± 5% ± 5% ± 10% 
Coeff. Precision Precision Precision 
of 95% 90% 95% 

Fabric Variation Probability Probability probabilit.z* 

N\~-l . 20 64 45 16 
NW-) . 12 22 16 6 
NW-5 .13 28 20 7 
1*1-6 . 13 27 20 7 
11-4 . 07 8 5 
C-1 .09 12 8 3 

*Using Student's t-distribution (6), n = 0.038 v
2 

for 
± 10% precision at 95% probability level; where n = 
number of test repetitions, and v = coefficient cf 
variation. 

DISCUSSION OF RESOLTS 

Results in Figures 1 and 5 show the effects cf specimen 
width and gauge length on tensile strength are not 5ig
nificant compared to the effects on ultimate strains 
illustrated in Figures 2 and 6. 

Both the loads at 10% strain (Figures 3 and 7) and strains 
at 40% of strength (Figures 4 and 8) are inf1uenced by 
the specimen width and gauge 1ength. The amaunt af varia
tion differs fram one geatextile type to another. For 
woven geotextiles, gauge lengths less than 50 mrn (2 
inches) show large variations in these loads and strains. 
Specimen width, however, did not appear to have a signi
ficant influence for the wovens. For nonwoven geotex
ti1es, gauge 1engths less than 100 mm (4 inches) show 
large variations in loads and strains. From the plots 
of the combined effects of both specirnen widths and 
gauge lengths in Figures 9 and 10, aspect ratios less 
than 4 for Vlovens and greater than 2 for nonwovens show 
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insignificant variation in both loads and strains. Ap
parently -a satisfactory specimen size for strip tensil e 
tests of both woven and nonwoven geotextil es corresponds 
to an aspect ratio equal to 2 with a specimen width equa1 
to at least 200 mm (8 inches). Tests performed at this 
specimen size approximate the plane-strain condition as 
simulated by the Sissons method (5) as shown in Figures 
11, 12, and 13. -

The strain rates of 0.5% to 1% per minute normally used 
in geotechnical laboratory tests are to~ slow to be 
economical for geotextiles because of their much higher 
strains at failure. For example fabr ic NW-5 would re
quire at least two hours for each specimen at a 5train 
rate of 1 % per minute. Series 3 test results show ten
sile load-strain curves are not significantly different 
at strain rates of 1-1/4%, 5% and 12-1/2%. On the basis 
of this observation, a test rate of lOt per minute appears 
to be reasonable for routine laboratory t ests . 

The coefficient of variation varied from one geotextile 
type to another as shown in Table 4 by as much as 30%. 
Initial laboratory tests should include at least five 
specimens. Then on the basis of the coefficient varia
tion calcu1ated from these results, the number of speci
mens required for a desired level of probability can be 
ca1cu1ated by using th e Student's t-distribution (6). 
The number of test specimens required as shown in Table 
4 to obtain results within ± 10% precis ion at 95% proba
bility level is not excessively large and this provides 
reasonable accuracy for routine tensile tests of geotex
tiles. 

CONCLUSIONS AND RECOMMENDATIONS 

1 . The ultirnate strengths of geotexti1es rneasured in 
strip tensile tests are not significantly affected 
by specimen size; however, the fai1ure strains of 
the 1aboratory specimens are affected significantly 
by specimen width and gauge length. 

2 . 

3 . 

Load-strain relationships measured for geotextiles 
may vary considerably with specimen width and gaug e 
l ength . ~\Ioven geotextiles are most influeflced by 

aspect ratios greater than 4.0 and specimen gauge 
1enqths of 1ess than 50 mm (2 inches). Nonwoven 
geotextiles are most influenced by aspect ratios 
less than 2.0 and specimen widths less than 100 mrn 
(4 inches). 

A wide strip tensile test utilizing specimens 200 
mm (8 inches) wide and 100 mm (4 inches ) gauge 
length is recornmended for routine laboratory testing. 
At this specimen size, plane-strain loading condi
tions on geotextiles can be approximated without use 
of arestraining device to limit lateral contraction 
of specimens during strip tensile tests. 

4. Th e laboratory measurements of tensi1e properties are 
not significantly different at strain rates 1-1/4 
to 12-1/2 percent per minute. Astrain rate of 10% 
per minute i5 recomrnended for routine strip ten5ile 
tests. 

5 . Aprecision within ± 10% at 95% probability is 
recommended for routine laboratory tensile testing 
by the wide strip tensile test. 
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