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A Strain-Gauge Technique for Measuring Deformations in Geotextiles 

Une technique a jauge d'allongement pour mesurer des dlHormations des membranes 

A method has been developed to determine strains and 
stresses in membranes under field conditions. Specific 
problems had to be overcome in relation to the high 
strains to be expected (in the range of ca. 10-20 per
cent). Some of the aspects involved are the choice of 
a suitable adhesive for glueing the strain-gauges to 
non-woven as well as to woven geotextiles, the connec
tion of the measuring cable with the strain-gauge and 
the interpretation of the signal measured. As the res
ponse of the strain-gauge mainly depends on the stiff
ness ratio between the membrane and the strain-gau~e, 
this value has to be determined experimentally for each 
type of membrane. The behaviour of the geotextile 
often depends on its loading. 
S"rain-~auqe reajing in practice have been 
simulated in the laboratory in order to determine the 
response of the strain-gauges as well as the stress
strain relationship of the geotextile material . As a 
whole, the measuring system has proved to be very re
liable under practical circumstances, even when heavy 
loads or lar~e deformations are applied . 

INTRODUCTIOrl 

Very soon after the start of the working group G2 
of SCW (the Netherlands Road Construction Research Centre 
based at Arnhem, Holland) at the end of 1976, investi
gating the feasibility of the application of geotextiles 
in road construction, it turned out that the main problem 
in studying this subject, would be the selection of a 
measuring device to be used in field experiments for 
monitori ng stra i n5. An i nventory \vas made 
of measuring methods already in use, but most of them 
did not spem to suit our purpose. It was concluded, how
ever, that the application of strain-gauges could becon
sidered as useful. Enka'Research (Arnhem-Holland) had 
some experience with a measuring method, using a high 
performance strain-gauge (strain capacity up to 20%), 
type EP-08-40, CBY-120, supplied by f1icro-Measurements. 
A number of model experiments had been performed, and it 
turned out that this particular type of strain-gauges was 
suitable for usage in combination with coated ~abrics. 
Unfortunately, glueing of the strBin-gaugesto geotextiles 
was found to be a rroblem. 
Experiments, carried out in the Materials Science Labo
ratory at the Department of Civil Engineering in Delft, 
showed that a certain type of silicone adhesive could be 
applied (Terostat-33, manufactured by Teroson GmbH, 
Heidelberg, W. Germany). 
This ty~e of cement offers an extra advanta~e because 
·it i s wa terproof. 
The behaviour of the Terostat is purely elastic and ver
tical loads do not effect the results of the measure
ments. 
Summarizing, the use of an appropriate strain-gauge 

Une methode a ete developpee pour determiner des de
formations en membranes en situ .. Oes problemes speci
fiques devaient etre surmontes a cause des dHormations 
elevees (10-20 pourcents). Quelques aspects a examiner 
sont le choix d ' une colle convenable pour attacher 1es 
jauges d'a110ngement aux membranes tiss~es ou non tis 
sees, la connection dU cable a mesure a la jauge 
cI'a\1onqp.!11'er1t et l' interpretation du signal f!lectrique 
mesure. La reponse e1ectl';que de I., jauge d'allongement 
depend prineipalement du rapport de la ri9idite de la 
membrane et eelle de 1a jallge d'al1orl(lp.mp.flt; cette 
valeur doit etre determinee experimentalement pour 
chaque genre de membrane. Le compQrtement de 1a mem
brane depend de la sequence des deformations subie dans 
le temps. La sequence selon 1e mesurage a jauge d'al1on
gemant en pratique a ete simulee au 1aboratoire afin 
de deterrniner la r~ponse des jauges autant que le rap
port contra; nte/dHorma ti on des membranes. En conel usior,: 
le systeme a mesure a montre sa sQrete en pratique. 
meme si 1es charges 01.1 1es dHormations sont elevees. 

technique has the fo1lowing advantages over other met
hods: 
- registration of strains up to more then 10 percent is 

possible 
there is little effect on the behaviour of the geo
textile 
reading-out at great distance is possible 
it is independent of vertical pressures 
reliability for long periods of service lire 
the handling is easy 

Firstly, the method of glueing strain-gauges to geotex
tiles is described, followed by areport on the feasi
bi 1 ity tests. 
Because of the very high possible strains, the Wheat
stone-bridge, used to measure the strains, is no longer 
linear. The increase of electrical resistance of the 
strain-gauge, usually negligible if strains are small, 
has nolV to be taken into account; the formulae for this 
case will be derived. 
A simple laboratory test, verifying the sensitivity of 
the strain"gauge glued to different types of geotextiles 
will be discussed. 
Finally some results of field tests will be presented. 
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APPLICATION METHOD 

The app1ication takes three steps. 
The first one is the glueing of the strain-gauge to the 
geotexti1e; the second is the cab1e connection between 
strain-gauge and measuring cab1e; the final one is the 
protection of the strain-gauge, inc1uding the connec
tions, against externa1 inf1uences, especia11y against 
water. 

The silicone glue is high1y e1astic, and it fo110ws the 
elongation of the geotextile very well, without exerting 
any force on it. On the other hand, a sma11 force is 
needed to extend the strain-gauge. This force has to be 
transferred across the adhesive 1ayer, causing deforma
tions due to shear stresses. In order to keep these 
deformations as sma11 as possib1e it is necessary to 
app1y but a very thin 1ayer. The sma11er the deformation 
the better is the response of the gauge. When the modu-
1us of e1asticity of the geotexti1e material is very 
10w, the force needed to strain the gauge strip will 
10ca11y inf1uence the behaviour of the geotexti1e. 
This also means an indesirab1y decrease of its response. 
In conc1usion: optimum resu1ts are produced with an 
adhesive 1ayer of minumum thickness in combination with 
a high modu1us geotexti1e. 
In order to minimize the scatter of the resu1ts for 
different installation method, the method shou1d be 
standardised and moreover the operation shou1d prefe
rab1y be carried out by one and the same individual. 
In our 1aboratory the fo110wing procedure is adhered to. 

I, First1y app1y a thin 1ayer of the silicone glue to the 
geotexti1e. Next scrape off as much as possib1e. After 
having pressed a strain-gauge into the glue and having 
covered it by a thin teflon strip, the assemb1y is 
conlpacted by a dead weight for appr. 15 minutes. After 
this operation final curing of the glue takes 24 hours. 
After curing, a connection is made between the gauge and 
a terminal by means of thin wires. The terminal is glued 
to the geotexti1e in the same way as the gauge. In order 
to get a flexible connection the connecting wires are 
cur1ed into 100ps (see fig. 1). 

Fig. 1. Strain-gauges with connection cab1es. 
The actua1 gauge 1ength is 10 cm. 

Then to the other si de of the termi na 1, wi res \'Iith a 
1ength of appr. 10 cm are fixed. This comp1ete assemb1y 

is then covered with silicone glue to prevent damage 
from its future environment. 
It has to be stressed, however, that the silicone 
adhesive shou1d be hand1ed under perfect1y dry condi
tions. 
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The handling in the fie1d on1y consists of mechanica11y 
connecting the open ends between gauge wires and the 
cab1e to the measuring device. 
A shrink 1ining is used to protect the connections from 
water. 

FEASIBI[ITY TESTS 

In order to test the effects of the hardening of 
the silicone glue, a number of strain-gauges were glued 
to a geotexti1e (stabi1enka 200) and tested after diffe
rent periods of time. As mentioned before, it shou1d be 
borne in mind that due to the shear deformation of the 
glue and due to the interaction between geotexti1e and 
gauge the measured strain deviates from the deformation 
the geotexti1e is suffering. The rate of hardening of 
the adhesive is of importance with respect to these 
shear effects. 
Tab1e 1 gives the resu1ts of the tests performed, It can 
be conc1uded that the curing of the glue is comp1ete 
within five days. 

Tab1e 1. Relation between strain-gauge va1ue and actua1 
strain of the geotexti1e, in dependency of the 
hardening time of the glue. 

train strain shown by strain-gauge, " me an ~tandard 10 

pf va1uE devia-
, eo- of glue days tion 
extil e age 

~L 13 12 11 10 9 6 5 

1 0.8 0.6 0.6 0.7 0.6 0.4 0.6 0.13 
2 1.3 1.7 1.3 1.5 1.3 1.4 1.5 1.4 0.15 
3 1.9 2.3 2.1 2.2 2.0 2.0 2.4 2.1 0.18 
4 2.9 3.1 3.2 3.0 2.8 2.9 3.3 3.0 0.18 
5 3.6 4.0 3.7 3.8 3.8 3.8 4.0 3.8 0.15 
6 4.6 4.9 4.7 4.6 4.6 4.6 5.0 4.7 0.17 

In order to investigate whether there is any inf1uence 
of creep phenomena of the glue, a strip of a geotexti1e, 
instruMented as described was stretched to about 5%. 
After three months the strain-gauge reading had not 
changed. 
In order to test the sensitivity for temperature changes, 
a test specimen was kept in an oven at about 1000C, and 
in a refrigerator at about -200C. At the same time, the 
du~my strain-gauge was kept at a temperature of about 
20 C. During these tests no temperature inf1uence was 
found. 
To test the sensibi1ity for ~ertica1 load, a strain-gauge 
has been loaded with 20 N/cm . The measured strain re
su1ts were not affected. 
We can conc1ude from all the performed tests, that the 
chosen method suits our purpose. 
The outdoor performance had to be tested under fie1d 
conditions. The method has now been improved up to a 
final state that a110ws of re1iab1e strain measuring 
in practice. 

THE WHEATSTONE-BRIDGE MEASURING HIGH STRAINS 

The princip1e of strain measurement by means of a 
strain-gauge is we11-known. The phenomenon can be descri
bed as fo110ws, A relative change of strain of the 
strain-gauge material resu1ts in a relative change of 
e1ectrica1 resistance. The ratio k, between deformation 
and change of resistance characterizes the gauge, 
name1y: 

(1 ) 

6R _ k 61 :r - . I 
61 

E = I 
6R 
1{ = k.E 
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where R 
ßR 

ES 

electrical resistance 
change of resistance 
relative strain 

To accurately measure the resistance changes in the 
gauge tnat are usually very small indeed, a Wheatstone 
bridge is applied. 
Eyen a minimum change of resistance produces a reaso
nably measurable change of electrical yoltage between 
the points C en D (see fig. 2). 

C -E---{ JI---~J) 

Fig. 2. Wheatstone bridge. 
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I 
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In fig. 2 the measuring device (Wheatstone bridge) is 
schematically depicted at the left of the depicted line. 
The dummy gauge is of exactly the same kind as the 
measuring one itself. It has been handled in exactly the 
same way and it is kept under the same enYironmental 
conditions of temperature and moisture. 
At the start of the measurement, when the stain of the 
gauge equals zero, the measuring bridge is in equili
brium. That means that Uc = Ud = ~U and Ucd = o. 
When strained to ~ R changes by ßR 
Then RED = R + ßR, RDF = R 

R 
U - ED U and Uc = ~U D - RED+RDF . 

so, 

Ucd =( 2~ : ~~ - ~ ) • U 

SUbstituting eq. 1 results in 

U =( 1 + k.E _l ).U = ~ U 
_cd _ 2_+k.E_-' __ 4 + 2kE· 
\ 4 Ucd -, 
\ (2) E = k (U - 2U ) \ , cd I 

This means that in the case of very high strain the 
relationship between U d and E is not linear anymore. 
Generally, however, ifc U d isSnegligible compared to 
U, eq. 2 transforms into: c 

4 Ucd 
(3) E=~ 
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Ucd 
(mV) 

E(%) 

Fig. 3. Non-lineair relationship between U d and E for 
high strains. c 

The appromixation resulting in eq. 3 is only valid for 
strains less than ca. 5%. In the case of higher strains, 
eq. 2 has to be used to accurately calculate strain 
from measured voltage differences. 

LABORATORY TESTS ON GEOTEXTILES 

Because of the dependency of the strain-gauge res
ponse on the type of geotextil e as we 11 as on the bon
ding method of the strain-gauge to the geotextile, it 
is necessary to perform a gauging test for each type of 
geotextil e. 

F ... 00 6J ß1 
l' 

fo------

Fig. 4. Schematic set-up of a gauge test 

• F 

During loading of the specimen, the strain is measured 
in two different ways. 
The real strain of the geotextile is determined bymeans 
of two displacement transducers, pla~ed at a distance 
1'. The difference between the displacements ß1 and ß2, 
divided by the distance l' give the real strain Ei. 

ß1-ß2 
E. =--

1 l' 
This real strain value 1S compared with the strain 
determined by the strain-gauge, according to equation 2. 
Simultaneously the force F is being recorded. 
Simultaneous determination of Ei' ES and F produces the 
the stress-strain relationship, as well as the relation 
between E. and E . The ratio E /E. yields the gauge res-
ponse. 1 s s 1 . 
An example of the results of a test as described above 
for a strain-gauge bonded to a woven polyester fabric 
(stabilenka 100) is given in fig. 5. 
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Fig. 5. Relationship between geotexti1e strain Ei and 
strain-gauge va1ue ES' 

In this particu1ar case the relation was found to be: 
Ei ; 0.32 + 1.17 ES' 
The corre1ation coefficient between the experimental 
resu1ts and the ca1cu1ated linear approximation is 
0.9995. That means that the 1inearized measuring method 
produces satisfactory resu1ts. 
Moreover, the response in this ca se amounts to more than 
80%, what in our opinion is a very good resu1t. 
As to non-wovens, the resu1ts are 1ess satisfactory, due 
to their 10w Young's modu1us, as we1l as to their time 
dependent behaviour. Because of the non-e1astic beha
viour it is obvious for examp1e that the relation be
tween app1ied geotexti1e strain and measured strain is 
dependent on the strain rate. For a slow, continua11y 
rising strain, the Ei - ES relation for a non-woven 
polyester (e.g. Co1bond) is found to be: 
Ei ; 1.38 + 1.26 ES' 
SO for this material a strain-gauge response of appr. 
70-75 percent has been achieved. 
These are on1y a few examp1es. It is obvious that the 
resu1ts of the strain-gauge are very satisfactory in 
combination with a polyester membrane. 
Whether the adhesive, i.e. the silicone type used, is 
also suitab1e for bonding of gauges to other materials, 
such as polypropylene and polyamide, has not been in
vestigated up to now. 
It has to be emphasized, that the E· - E relationship 
gaven are on1y examp1es. The exact te1at~onship has to 
be determined for each combination apart. 

STRAIN-GAUGE TECHNIQUE IN FIELD EXPERIMENTS 

Two types of fie1d experiments have been conducted. 
The first one is the app1ication of a woven geotexti1e 
between an embankment and a soft subsoi1. 
In Cuxhaven, West-Germany in 1978 40 gauges have been 
app1ied. Deformations in the fabric were very 10w but 
neverthe1ess it cou1d be conc1uded that the ~eve10ped 
strain-gauge technique was re1iab1e under these fie1d 
conditions. Even after a year 37 gauges were still in 
a good shape. 
In Almere, The Nether1ands in 1979 a simi1ar fie1d 
experiment was performed. 
In this case the imposed deformation of the geotexti1e 
was so 1arge that tearing occured at astrain va1ue of 
about 10 percent. The registered maximum strain va1ue 
however was approximate1y 8 percent, due to premature 
fai1ure of the connections between measuring cab1e and 
strain-gauge. 
In Cuxhaven as we11 as in A1mere strain registration 
took p1ace by means of a 40-channe1 scanning measuring 
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bridge. The scanning method was adequate because of the 
very slow deve10pments of deformation during the con
struction of the embankment. 
An improved connecting method, by means of the ear1ier 
mentioned cur1ed wires between the strain-gauge and a 
terminal, vlas for the first time app1ied in Nieuwerkerk 
a/d IJsse1, The Nether1ands in 1980 during second type 
of experiment, name1y the app1ication of non-wovens 
under a road foundation. Mea5uring of strains took 
p1ace in severa1 sections during the time that founda
tion material was transported to the site by motor
lorries. 
Hence the 10ading was dynamic and strains have been 
continuous1y registered by means of recorders. 
Dynami c strai ns amounti ng to 13 percent have been recor
ded. An examp1e of a recorder trace is given in fig. 6. 

vi i 'j "'-1 i .. -r--. t -- j"g_.I .. _-

I I i 
~~--~~u~~~ ~--~'II~+-~ 

I --t -I 
I 

Fig. 6. Recorder trace of 9auge va lue. 

The va1ue of U changing with time, was afterwards 
simu1ated in aC9aboratory test, yie1ding the real geo
textile strains as we11 as the corresponding forces. 

It can be conc1uded that the deve10ped measuring method 
is very we11 suited to the purpose of recording strains 
up to ca. 15% under fie1d conditions. 
The method can be used in ca ses where strain monitoring 
during construction is required to a110w of assessing 
the permissib1e construction rate. 




