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Strength testing of fabrics for use in civil engineering 

Festigkeitsprlifung an T extilen Flaechengebilden in der Bauindustrie 

Die Festigkeil von den in der Bauindustrie verwendeten Storfen ist offensichtlich ein wichtiger Faktor. Es werden Test
methoden zur FeststeLlung der Reiss und Weiterreissfestigkeit sowie des Berstdruckes behandelt. Insbesondere wird ein 
neuer Zugfestigkeitsversuch mit begrenztem Breiteneinsprung beschrieben, der eine verhaeltnismaessig schnelle und 
einfache feststellung der Zugfestigkeitseigenschaften unter Beruecksichtigung der negativen Einfluesse, die in der Praxis 
auftreten koennten, darsteLlt. Ergebnisse fuer verschiedene Vliestypen werden gegeben. 

1 	 INTRODUCTION 
When considering the suitability of a fabric for use in a 
civil engineering construction, strength is generally 
considered to be one of its most important properties 
but it is not necessarily always the most important 
aspect, pore size, for example, is certainly more 
critical for most filtration uses. However, in almost 
all cases of use of fabrics in civil engineering, the 
interrelation between strength and extensibility, stress 
and strain, is nevertheless of considerable interest. 
Just how a fabriC is loaded and strained in the ground 
and how these conditions may be approximated in the 
laboratory using fabriC alone without soil and aggregate 
is most problematic. It is with this issue that the paper 
is concerned. 
It is considered that three basic strength modes exist. 
Firstly, there is the tensile mode where fabric is 
stretched essentially within its own plane. The second 
mode, burst, is similar but in this case the fabric is 
strained normal to its plane to cause deformation into 
the third dimension. Thirdly, there is the tearing mode 
where load is applied preferentially at a spot with a 
shearing action. These three modes are therefore con
sidered in some detail. 

2 	 TENSILE STRENGTH TESTING 

One of the most common modes of load application is 
probably that which involves the application of load uni
form ly across the full width of a material and occurs in 
many situations in civil engineering, A 'strip' tensile 
test already exists in which there is this mode of load 
application and there is good European agreement that, 
for textiles, the appropriate width is 5 cm - BS2576; 
DIN 53857; NF. G07-001. However, there is consider
able lack of agreement on rates of straining and more

over this test was devised for woven fabrics and many 
non-wovens are now used in civil engineering. It has 
been found that with some fabriCS, strength fails to 
increase proportionately with width and that a wider 
test specimen more representative of field conditions 
is called for. The specimen is free to reduce in width 
as extension proceeds and this is the major cause of the 
discrepancy and is therefore the major disadvantage of 
the standard textile test. This problem is accentuated 
by narrow width and lack of representativeness of the 
specimen used. This reduction in width in general can
not happen in the field situation due to the restraining 
pressure of aggregate, rip-rap, or the like. For this 
reason a system is in which restraint at right 
angles to the applied load is imposed. Thus a new 
'plane strain' tensile test is required. 

Plane strain tensile test apparatus have previously been 
developed by the Laboratoire des Ponts et Chaussees 
at St Brieuc and Fugro Ltd Netherlands. These are 
based on manufacturing fabric sleeves and testing them 
in a triaxial compression cell. The mode of load appli 
cation is by increase in internal pressure resulting in 
radial extension. A major problem with these tests is 
that it is sometimes difficult to produce a specimen test 
cylinder with a strong jointed seam. If this joint is im
properly prepared failure within it and not the fabric can 
result. In view of this ICI Fibres in conjunction with the 
University of Strathclyde has developed a plane strain 
apparatus which is much simpler and more conventiently 
used in the normal laboratory, using a conventional tens
iometer. Ideally the test specimen used should be as 
large as possible and from an inspection of fabric varia
bility a minimum specimen dimension of 20 cm was con
sidered necessary. In fact strength was found to be 
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Fig 1 Detail of brackets used in Plane Strain Test 

proportional to width above this size and therefore a 
20 x 20 cm test specimen was adopted. 
The essential ingredient of the new test is the provision 
of restraint at right angles to the direction of stressing. 
This is achieved simply by means of lightweight wooden 
brackets in which steel pins have been set. Details of 
their construction are given in Fig 1. The brackets 
comprise two wooden laths hinged together at one end. 
Ten in all are used. The fabric to be tested is placed 
symetrically over the pins and pressed into place. The 
other bars,with holes to take the pin pOints,are then 
swung across and clamped in position. Figure 2 shows 
the various stages of the te st apparatus assembly. 
Spacers are provided on the brackets to ensure sym
etrical positioning. 
Each bracket weighs 60 g and this has a negligible effect 
on the fabriC loading unless extremely weak fabriCS are 
being tested. The pins must be of stout construction, 
especially those towards the fabric edge, or they will 
bend under the loads imparted by the strongest fabrics. 
End support is achieved by tightly clamping 5 cm lengths 
in full width jaws at top and bottom of the sample leaving 
a length between the clamRs of 20 cm. The sample is 
extended at a rate of 10% per minute so that the fabric 
test is compatible with the rates of strain used in soil 
testing, eg 2% strain per minute used in determining the 
undrained shear strength of clay. Such rates of strain 
best represent the field situation. This provides a test 
duration of 10 mins for a fabric that extends 100% to 
rupture but higher rates of extension can be used to speed 

up testing and so far these have been found to give 
similar results although they generally exhibit a slight
ly higher strength and lower extension as there is less 
time for the fabric to creep or re-orient its fibres. 
Figure 3 iLLustrates the test in action for a non-woven 
fabric and compares it with the conventional strip test
ing at similar width and at the same longtitudinaL strain. 
The high degree of width contraction experienced with
out the lateral restraint is clearly visible. This behav
iour has been noted for all non-woven fabric construc
tions. 
Plane strain load - extension curves for a range of 
materials are illustrated in Figure 4. These are for 
samples taken in the direction of fabric manufacture. 
Some fabric construction techniques result in isotropic 
behaviour, eg melded, needle punched, but others show 
considerable variation in properties depending upon the 
direction of test, eg woven, some resin bonded. The 
important properties are the maximum load attained, 
sample extension to this load, initial modulus, conven
iently the load at 5% extension, and the rupture energy. 
This latter item is the numerical value of the area under 
the curve and is a measure of the work that has to be 
done before the fabric breaks. In this respect high 
extension compensates for lower breaking load. Special
ist end-uses may require specific properties but 
generally a good all round performance in these aspects 
is best. 
The curves show that at similar weights all three non
woven types are capable of giving fabrics of equivalent 
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Fig 2 Plane Strain Test - Sample Assembly 

tensile strength. Melt-bonded and needle-punched 
fabrics however generally exhibit more extensibility 
than the resin-bondeds. Needle-punched fabrics have 
a much lower initial modulus than the others. Woven 
tape is as strong as non-wovens double its weight but 
has low extension to break. 
There are similarities between plane strain curves and 
those obtained (rom a simple strip test but important 
differences exist. In particular, the modulus of needle
punched materials is seen to be markedly increased and 
in some cases their extensibility is appreciably reduced, 
often by as much as 20%. 
It should be noted that cyclic loading and creep testing 
may also be easily obtained within the framework of this 
particular plane strain apparatus. Without doubt such 
information will gain relevance as uses of fabric diver
sifyand tend towards permanent works. . 
The plane strain test is not perfect, in particular the 
localised loading on the web at the points where the pins 
enter is obviously not typical of the field condition. 
These forces are low at the initial loading and it is in 
this region that the test is probably most representative. 
It is after all in this region that fabrics are most often 
used. However, as break-point is approached the sample 
as a whole is still subjected to fairly uniform plane 
strain even though loads at specific points can be high. 
The other plane strain tests which have been suggested 
by St Brieuc and Fugro also have defficiencies, in 
particular in connection with specimen jointing. Where 
this new plane strain apparatus accrues its greatest 
advantage is in its simplicity. It can give the required 
information much more quickly with no special skill 

required. This is important when it is considered that 
many test specimens have to be evaluated to give 
statistically relevant results. 

iii GRAB TENSILE 

Plane strain testing represents the general in-situ 
loading of the whole fabric. Often however, the cri ti 
cal conditions in civil engineering usage are induced by 
loads appLied preferentially to one spot in the fabriC eg, 
due to loading from a wheeL or stone or due to varying 
subgrade strengths and profiles. 'Grab' tensile tests 
exist that consider this particular localised aspect of 
tensile loading - DIN53858; ASTM. D1682. These tests 
measure the 'effective' strength of the fabric, ie, the 
strength between the clamps plus the additional strength 
contributed by adjacent materiaL. This extra strength 
can be large in the case of non-wovens with a highly 
random ised fibre structure, though not so for woven 
materials. Problems of sample width are present, as 
with strip testing, and once again a 20 cm wide test 
specimen rather than the standard 10 cm should be used 
with 2.5 cm wide jaws, in order to eliminate width dis
crepancies. When testing non-wovens in the grab mode, 
extensibility, modulus and rupture energy are all valid 
parameters in addition to the actual breaking load. 
Figure 5 illustrates the grab test in operation and Table 
1 lists characteristic data for different fabric types. 
The extenSibility and modulus differences between 
various fabriC constructions, as were seen for plane 
strain, are also apparent here but there is not now a 
strength for weight benefit for wovens. 

3 	 BURST TESTING 

Fabrics in engineering are often loaded normal to the 
plane in which they lie, thus causing the material to 
deform biaxially into a third dimension out of the fabric 
plane. Such loadings are generally localised and often 
on a small scale such as may be caused by a stone in 
sub-base overlying fabric on soft ground. We have 
found evidence of such deformations in TERRAM fabric 
recovered after 4 years from a roadway within a tidal 

6. The action on the fabric here is well 

Fig 3 Comparison of Plane Strain and Strip Testing 
both at 30% extension 
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FIG. 4 "PLANE STRAIN" LOAD-EXTENSION CURVES FOR SOME FABRICS 

USED IN CIVIL ENGINEERING (MACHINE DIRECTION) 
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TABLE 1 

Ty:Qical Grab Tensile Characteristics of some fabric Typical Values of Mullen Burst for some fabric types 
t;UJes used in Civil Engineering (Normalised to 200 gsm) used in Civil Engineering (Normalised to 200 gsm) 

Breaking Extension Load Rupture Energy Bursting Load Height of Dome 
Load N To Break At 5% Nm N/cm 2 At Burst 

% Extn - cm 
-N 

Melt Bonded Melt Bonded 
- Melded 900-1400 70-125 110-240 50-90 - Melded 100 - 200 1.4 2.1 
- Other 1000-1200 50-60 250-300 40-50 - Other 150 - 200 1.4 1.6 
Needle- Needle-
Punched 750-950 65-150 10-20 20-65 Punched 100 - 210 1.1 1.9 
Resin- Resin-
Bonded 650-800 50-65 100-250 20-25 Bonded 150 -) 270 0.9 1.1 
Woven Tape 800-1000 10-25 300-350 10-25 Woven Tape 350 - 380 1.0 1.2 
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Fig 5 Grab Tensile Test in Operation 

simulated, albeit in a stylised form, by existing textile 
burst tests eg, BS4768; DIN53861. In these tests a 
rubber membrane is used to blow the fabric into the 
shape of a cap of a sphere, Fig 7. Bursting occurs 
when further deformation is not possible. 
These tests give a measure of the pressure necessary 
to cause rupture in a fabric but they also give, by the 
height of the induced dome, a measure of the amount of 
imposed 'deformation that a fabric can withstand before 
rupture and failure occurs. This is of great importance 
in cases where fabric is being used as a separator be
cause generally in these situations, it is the ground be
neath the fabric which is taking the load. If this is not 
so the fabric is acting in catenary, perform ing like a 
deck chair and taking most of the load itself. The ideal 
fabric therefore deforms as required and it is contin
uation of the separation function that is paramount, Fig 8. 
Table 2 gives Mullen burst results for different types of 
fabric. In general those fabrics that show high 

Fig 6 High local deformation in melded fabric 
recovered from the field 

extensibility in plane strain and grab tensile testing 
exhibit most deformation before bursting. 

4 TEAR STRENGTH TESTING 

There are many test methods for assessing the tear 
resistance of fabrics and films. Of utmost importance 
is some knowledge of how easily the fabric will be 
extensively damaged in use once a tear has been starteo 
by, for instance, a sharp stone. Subsequent loading on 
that weak spot will take place at a relatively slow rate 
and so the high velocity tear tests, which are repre-

Fig 7 Bu rst Testing of me lded fabric 

Fabric (a) Fabric (b) 

FIG. 8 Fabric (a) deforms until subgrade takes almost all the load. 

Fabric \b )cannot deform and so it has to take most of the load. 
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Fig 9 Hook Tear Test in action with meLded fabric 

sentative of hand tearing, have no relevance in the 
designed function although they may have relevance 
if the fabric is abused at instaLLation. 
To simulate in-situ tearing a 15 em square test piece 
is used and a pOinted hook is employed to serve the 
duaL purpose of causing the initial cut and also provide 
the means of propogating the tear, just as a sharp 
stone might do in the field. Figure 9 shows this test 
in operation. This is a new test though somewhat 
similar to the nail-tear test, NF.G07-055B. Our exp
erience shows that for non-wovens there is a reason
able correlation between the results on the hook test 
and those on the wing tear test, BS4303. Figure 10 
illustrates the latter test and Figure 11 compares 
hook and wing tear values for different types of civil 
engineering fabrics. 

Fig 10 Wing Tear Test in operation 

')Q') 

FIG. 11 	 COMPARISON OF HOOK TEAR 
STRENGTH AND WING TEAR 
STRENGTH FOR DIFFEREN1' 
TYPES OF FABRIC 
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5 	 DISCUSSION 

In order to perform satisfactorily in a given civil 
engineering construction, a fabric must have the 
correct combination of properties. In most cases 
strength is likely to be a major consideration though it 
is unlikely that brute strength alone will be the measure 
of fabric usefuiness. It is much more likely that a 
correct balance of strength characteristics is required 
with the nature of the end use determining the reLative 
priorities. It foLlows therefore that several tests will 
be required to fully evaluate a fabrics poten tial. The 
tests used should preferably be simple to perform on 
readily available equipment whilst having absolute 
relevance to the field situation. The tests discussed in 
this paper fit this requirement. It is hoped that by 
establishing agreement on basic fundamental fabric tests 
such as these, it wiLL quickLy be possible to bring sense 
and order to the existing confused and complicated 
speCification situation. OnLy when concord has been 
reached on the types of test to be used will one be able 
to move towards the far more difficuLt job of determining 
what the threshoLd levels of acceptability in these tests, 
for a given end-use, should be. 


