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INFLUENCE OF GEOTEXTILE ON THE BEHAVIOUR OF GEOTEXTILE-GEOMEMBRANE COMPOSITES 

INFLUENCE DES GEOTEXTILES SUR LE COMPORTEMENT DES COMPOSITES GEOTEXTILE 
- GEOMEMBRANE 

EINFLUSS DER GEOTEXTILIEN AUF DAS VERHALTEN DER GEOTEXTIL·GEOMEMBRAN·KOMBINATIONEN 

Geo~embranes used in Hater-retaining stru~tures a5 
an impermeable barrier can be ~ombined Hith geote~tile5 

to for~ a composite in order to increase their tensile 
strength and resistance to puncturing. Since the current 
test results are generally available either for 
geo~embranes or for geotextiles separately, a laboratory 
testing progra.~e was undertaken to deter~ine the 
influence of low temperatures and ultra-violet rays on 
the tensile strength and the strain at failure of the 
composite. Composites using five different types of 
geomembranes, glued on both sides to a thick non-woven 
geotextile, Here tested for tensile (unia~ial) and burst 
strengths at temperatures ranging between +23 and -3S·C. 

The results of the tensile and burst tests show that 
the strength of the composites is increased by a factor 
of 10 to 20 in comparison to that of the individual 
geomembranes. At room temperature, the behaviour of the 
composite is governed by the geotextiles since they fail 
at strains (40X±) IOHer than those of the geoaembranes, 
the geotextile being many order stiffer than the 
geomembranes. At very low temperature (-3S'C), sOllle 
geomembranes become brittle and they fail at low strains 
(S-IOX), whereas the geotextiles remain relatively 
unaffected. Short exposure of the composite to the 
ultra-violet light leads to a marked de~rease in its 
strength. 

INTRDDUCTIDN 

The use of geomembranes as an upstrea. illlpervious 
facing can offer a valuable alternative to current dam 
~aterials such as con~rete or bitu.inous fa~ings. The 
me~hani~al properties of geo.embranes needed to achieve 
imperviousness under a given head of water can ~o.pare 
favourably with other products. Indeed, the u!e of 
geomembranes can be economically and techni~ally 

attractive on projects that involve one or ~any of the 
foliOHing constraints. 

- Remoteness of the construction site and associated 
high transportation costs. 

2 - Scarcity of suitable natural materials for i~per

vious fill near the site. 
3 - Diffi~ult cli~atic conditions for conventlonal cons

tru~tion and co~paction procedures. 
4 - COlllpressible dam foundation inducing which could 

induce differential settlements and eventual 
cracking of the impervious element. 
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Des geote~tiles peuvent se retrouver en asso~iation 

avec des geo.e~branes, sous forme ~o.posite dans les 
ouvrage! de retentie d'eau, dans le but d'en augmenter la 
resistan~e a la traction et au poin~onne.ent. Etant 
donne que les resultats d'essais sont generale.ent 
obtenus separement sur les geotextiles ou les 
geo.embranes, un programme d ' essais de laboratoire a ete 
.is sur pied dans le but de cerner I 'influence des 
bas~es te.peratures et des rayons ultrarViolet .ur la 
resistance a la tra~tion et I'allongelent a la rupture 
de differents comp09ites. ~inq princi~auK types de 
geo.embranes prealablelent collees de part et d ' autre a 
deux geotextiles epais non tisses aiguilletes ont ete 
soulis a des essais de traction et d ' eclatement ades 
temperatures variant entre + 23 a et - 35 a C. 

Les resultats ont ~Iairelent deaontre la 
~ontributiDn des geotextiles sur les ~Durbes effort 
deformation et sur la resistance des compositesl a la 
temperature de la piece, le ~o.porte.ent est conträle 
par les geotextiles. 11s sont beaucoup plus rigides et 
la rupture se developpe a I'interieur de ce uteriau. A 
basses te.peratures, ~ertaines geole.branes deviennent 
fragiles et la rupture se produit a faible defor~ation 

alors que le! geotextiles demeurent relativelent 
deformables. En dernier lieu, on a trouve un effet 
.arque des rayons ultra-violet sur la resistan~e des 
cOlposites: des periodes d'exposition relativelent 
courtes ont entra!ne une diminution de leur re&istan~e. 

HD~ever, geo.embranes are relatively thin and their 
susceptibility to puncturing ~an have a negative impa~t 
on a potential design. This difficulty can be 
eliminated if a geome.brane i6 co.bined with thick 
needle-punched geohxtiles to in~re"se its resistan~e to 
different kinds of failure: 

- puncturing or tearing during transportation and cons
truction. 
puncturing by angular agregates. 
significant stretching either at anchor points or in 
localized areas subject to subsiden~e. 
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After the co.posite has been properly installed, the 
pr esence of the geotextiles againgt the geo.e.brane hiS 
.any beneficial effects; 

a) they tend to soften and enlarge the outline of the 
sharp points of early contacts of the supportlng soil 
I ayer 

b) they fill up the most depressed areas of the 
granular .aterial, allo~ing the geo.embrane to find a 
continuous and co.plete support "ithout significant 
stretching 

c) the presence of a deformabl e .edium like the geo
textiles bet"een the geo.embrane and the sharp edges 
of soil support, can eli.inate points of fiHity on 
the geomembrane and facilitates the transfer of force 
fro~ the Most stressed areas tONards those under 
10Ner stresses. 

The use of geotextile-geo.elbrane cOlposites in 
Nater - retaining structures of s igniflcant height in cold 
cli l ates poses sOle probleis such as; 

1 - Behaviour Under LON Telperatures Tests run on 
different types of geo.embrane$ at temperatures as ION 
as 35- e (~ W ShON that although el astomers 
re.ained ductile, thermoplaet!c and bituminous membranes 
can beco.e brittle and crack at very 10" strains. Such 
a characteristic is undesirable since cracking "ould 
.ean the 1055 of impervieusness ef the facing. 

2 - lntegrity of Seals The seals lust be continuous, 
completely impervious (geo.embrane to geole.brane sea.s) 
and they aust have, at least, the sale tensile 
properties as those of the ind i vidual geol elbrane. 

J - lnfluenee of Ultra-Violet Exposure The co.posites 
may be exposed for SOle period of time, during its 
installation, to the effects of sunlight. lt is weil 
knoNn that the strength properties of geotextiles are 
sign i ficantly altered by outdoor exposure ([., V. 

In order to evaluate the influence of these factors, 
an extensive laboratory investigation was undertaken at 
Ecole Polytechnique of Mentr~al on 21 different types of 
comllercially available geomembranes includlng 
bitulinous, thermoplastics, elasto.ers and 
thermoplastic-elasto.ers. The reeults of the tests on 
the individual geomembranes have been presented and 
discussed in a paper by Rollin et al. ( 11) . The present 
paper treats th e r esu l ts of the second phase of 
inves t lgatloo th at Has carrled out 00 5 of ths 21 
products prevlously tes t ed . fhe pur pos e of this second 
phase Has to analyse the behaviour of ths geomembranes 
in a composite form: a centra l geomembrane was bonde d 
on both si des wlth a non -Noven nee dl e-punched geotex t l l e 
weighing BOO g/m2 • 

IMPCRTANCE CF TENSILE STRENGTH CF CCMPCBITEB 
IN WATER-RETAINING BTRUCTURE 

The analysis Has based on the evaluation of tensile 
s trengths because they give relevant ~echan l cal 
properties required in the design of da.s. 

Three parameters ean be obtained from tensile test; 

a) the force per unit Hidth, at failure (Il.), 

b) the elongation at failure (l,) and 
c) the lIodulus (J), (corresponds to the slope of the Il 

vs l curve). 
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The tensile test can reproduce stresses that are 
susceptible to be encountered in "ater-retalnlng 
structures. For example, the first parameter (Il,) can 
be compared to stresses computed at anchor points, that 
is at the crest and at the toe of the upstreal facing. 
Li ll it equilibriu~ Has considered by Giroud and Ah-L i ne 
(g) and graphs developed by the., give values of the 
tensile stress as a function of slope and friction 
angles at soil-geotextiles and/or geotextile-geolembrane 
interfaces. The theoretical unsupported length bridged 
by a geo~embrane can also bR computed as a function of 
the fluid pressure and of its force per unit Hidth at 
failure (2). 

The elongation at failure (l,) is also an important 
parameter and movements within the iMpervious element 
must be kept "ithin the ma ximum tolerable values. 
Although analyses of displacements, assuming homogeneous 
materials, indicate that they generally involve le s s 
than 10X unit strain, inspection of some buried 
geolllellbranes in the Terzaghi dall (IJ has shown that in 
localized sinkholes, the lIembrane has been stretched up 
to 1601. It is therefore i.portant that geome.branes can 
tolerate local elongations Hithout failure, 60 that 
their imperviousness .ay not be co.promised even if they 
are substantially stretched. 

Finally information ab out the elastic properties of 
the membrane (~odulus J) is also obtained by plotting 
the stress-strain curve. The results of the first phase 
of tests (W show that IIhen the initial lIIodulus il 
relatlvely high, brittle failure of the geolembrane 
occurs at very 10" strain (non - elastollerie me.branes at 
sub-zero teMperature), IIhereas a ductile behaviour is 
generally assDciated lIith ION modulus geolle.branes. 

TEBTINB PROGRAMME 

Two types of tensile strength tests were used: the 
direct tensile test and the burst test. 

The direct tensile test "as carried out on 
rectangular sampies lIIeasuring 150 mm (height) X 100 11111 

(Hidth) as sho"n in fig. I. These dimensions were 
preferred to those given in the A5TM standard D-16B2 in 
order to insure that the transverse striction induced by 
the axial elongation is kept to a minimum. Further~ore, 

failure was forced in the free length because the 
section of the geo ll elbrane between the cla.ps Has cut 
overslze. The sampies Here tightened by lIeans of 6 
bolts at each end lIith a uniform torque of 7 kN- m. The 
rate of st r aining of the sa.ples was set at 3.9 " ~~ per 
lIin, equivalent to 2.57. per lin. Continuous recording of 
the stress-strain curves was made, the stress being 
defined as the axial force divided by the Hidth of the 
sa.ple (independent of the thickness of the compeslte) . 

The burst tests were conducted on circular specimen 
200 mlll in diameter, clalped betlleen the cover and the 
top Hange of a 150 mII dia . steel cylinder (11). The 
pressure was applied frol the center of the top section 
and it was read on a manometer installed on the line. 
The pressure was increased in steps of 50 kPa and the 
corresponding center deflection Has lIeasured by a . arker 
until bursting occurred as noted by a sharp decrease in 
the air pressure. 

Table gives the principal characteristics of the 
tested compDsites. The EPDM and Butyle lIembranes were 
constituted of cross - linked elastomers bonded betNeen 
two BOO g/.2 non-woven geote xtiles using respectively 
560 and 1190 g/ma of glue (15X and 251. ef the total 
mass). The eSPE and PVC lIere thermoplastic me.branes 
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Tabll I - e.n.ral Proplrti •• of T •• tld COlpo.it •• 

r----------T------~-~---------------------------"T--------------------"T--------------------T--------, 

I I SEOMEMBRANE I GEOTEXT I LE I BOND I NB , I 
' 6EOMEHBRANE'St-------------------"T-----------T--------t---------------T--------t-------------T-------------~ HEASURED , 
I DESIGNATION I COHPOSIT ION , THICKNESS , HASS I TYPE ,HASS I DESCRIPTION , APPROX IMATE ,TOTAL I 
, , , (In) '(g/m2)' , (g/1l2) , , HASS OF 'HASS OF , 
, , '" " , SOLVENT ,COHPOSITE , 
, , '" " , (g/.2) '(g/m2) ' 
t---------t-----------------t----------,t-----t--------------t-----. ---------t-------+------'I 
" I' I, , 
, EPDH 'ethylene propylene 1.6 1600 I double NP-NW* 1 BOO Isolvent I 560 3760 I 
I Idiene monomer I I' , I 
" I I ' , I 
I Butyle !isobutylene rubber 1.7 1940' double NP-NII* I BOO ' solvent , 1190 4730 ' 

I ' 'I ' , I , CSPE Ihypalon (trade mark 1. 7 2300 double NP-NII* ' BOO Isolvent I 230 4130 I 
I lof Dupont) I ', I 
I I I I I I 
I PVC-BOO Ipolyvinyl-chloride I.B 2330 double NP-NII* I BOO Iheat-pressing ' 0 3930' 
, , I ' " 
I PVC-400 Ipolyvinyl-chloride I.B 2330 double NP-NW* I 400 'heat-pressing l 0 3130 I 
, I I ' , I 
I PVC-240 'polyvinyl-chloride 1. 7 2000 single-NP-NII* ' 240 'heat-pressing ' 0 2440 ' 
I I I I , I 
, CIM ' chevron industrial 11.0 4400 double NP-NW* I BOO limpregnation ' , 6000 , 
, I I 'of the I I I 
I I I Igeotextile I , I 
, I " I I , 
I I.eabrane 1.4 1400 none ' I I , I 
~ ___________ . .L ________________ _..L ________ _...L _____ ... ___ . _ _____________ .L. _____ .L __________ ---t.. _______ -..L.---______ ,.,J 

t NP-NW: needle-punched non woven 
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"" ~ ",/'/~OOUBLE CLAMPS (SOLTEO 

'- _./ AT 7 KN- M WITH SPECIMEN 

NOTE DIMENSIONS IN ..... IN TEMPLET 1 

Flg, I - UNIAXIAL TENSILE STRENGTH SPECIMEN 
with t"O bonded geotextilesj the bonding between the PVC 
and the geotextiles was .inimal since it was achieved by 
heat pressing; the geotextiles employed weighed 800 and 
400 g/1ll2 respectively. The last geomembrane (CIM) is an 
elastomer, mainly polyurethane, In the cOlllposite form, 
the geo~embrane Has relatively thick (11 mm), whereas 
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the geomembrane without geoteMtile was only 1,4 mm 
thick, Due to the reaction of the polyurethanes with 
water, which produces carbon dioxyde (C0 2 ), sOllle 
entrapped voids were found in the thick CI" composites. 
The geotextiles were impregnated to the central 
elastomer during the manufacturing process, 
BTRENBTHENINB EFFECT CF BEOTEXTILEB 

The increase in strength of the composites can be 
evaluated from fig. 2, The dotted lower curves 
represent geomembranes "ithout geotextiles; they were 
strained up to B07. without failure and the force per 
unit width corresponding to this strain ranged between 
0,7 and 5 kN/m, For the sandwiched geomembranes (full 
lines), the maximum unit load ranged between 30 and BO 
kN/m. This figure also shows that the strength increase 
of the composite is a function of the thickness of the 
geotextiles as shown by the stress-strain curve of the 
composi te. The strength of the composi te w,ith BOO g/~2 

geotextiles is more than twice (76 kN/m) that of the 
composite with 400 g/m geotextiles; the geomembrane used 
in both cases being the same (1,8 mm thick). The arrows 
indicate the strain at failure in the geotextiles; it 
ranged between 407., for the CIM, and 657., for the 
Butyle, Despite the fact that the tests were not 
continued beyond these points, it is believed that the 
strength of the composite would have fallen to the value 
corresponding that of the single geomembrane. 

Table 11 summarizes the results of both tensile and 
burst tests, It shows that the strength increase of the 
composite, from both axial tensile and burst tests, Hhen 
compared with the single geomembrane has a 
multiplication factor of 7' to 23, The high values for 
CIN (84 Sc 119) are related to the difference in the 
thickness betHeen the composites (11 mm) and the 
geomembrane Hithout geotextiles (1.4 mm) and to the 
spraying of the geotextiles by an elastomeric product 
Hhich forms the impermeable geomembrane of the 
composite. The moduli are greatly influenced by the 
addition of geotextiles; the composites are 170 to IBO 
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lable II - Btrlngthlnlng Efflct Df BeDtlMtlll' 

r----------,----------------------T------------, 
16EOMEHBRANE'S I AXIAL TENSILE TEST I BURSTING TEST I 
I DES! GNATI ON 1---------..,.--------------+-------·----------1 
I I Cl. (kN//I) I J. (kN/m) I P" (kPa) I 
I I G* C* CIS 1 G C C/6 I 6 C C/6 I 
t---------t-----------t-------------t------------i 
I I I I I 
I EPDM I 2.0 40 20 I 3 55 1 BO I 125 1 BOO 14 I 
I I I I I 
I Butyle I 1.3 30 23 I 3 50 170 I 125 )2100 ) 17 I 
I I I I I 
I CSPE I 5. B 42 7 I 44 BO 20 1 I 
I I I 1 I 
I PVC-BOO I 76 14 I 15 250 170 I 150 1500 10 I 
I I I I I 
I CIM 1 0.7 B3 119 1 15 250 170 I 25 >2100 B4 I 
• ______ ~ __ , ____ ____ _.L _________ . ___ ..... ____ ._ . ____ ___ ... _ ... 

C composlte 
6: geo~embrane (HIthaut geotextiles) 
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60 

800 G/M 2 BONDED NON- WOVEN GEOTEXTILES 
tlmes stlffer than the single geomembranes. The CSPE 
composlte Is an . exceptlon because of the slgnificantly 
hi gher J val ue (44 kN/m) of the single geomembrane. 

Fig.:3 - EFFECT OF TEMPERATURE ON 
COMPOSITE'S BEHAVIOUR 

EFFECT OF THE TEMPERATURE 
Figure 3 gives the results of two materials: EPDM 

and PVC-240 Here tested at temperatures between - 35 and 
23°C. EPOM composite appears to be unaffected by 
ey. treme cold since its modulus, strain at failure and 
strength are slightly increased at sub-zero 
temperatures. HOHever the behaviour of the PVC 
composite Is strongly dependent on temperature since its 
stress-strain curves gradually get steeper. It is 
believed that on one hand, the portion of the stress 
carried by the geomembrane increases with decreasing 
te~perature untll it reaches -35° Hhere the geomembrane 
fails in a brittle .anner at a low strain of 57.. On the 
other hand, the contribution of the geotextile at low 
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temperature 15 not significantly altered, a concluslon 
shared by Allen et al (~. This behaviour is 
illustrated in fig. 4 which shows pictures of a strained 
PVC-240 at 23a and -35 a • At 23 a the failure occurs at l 

35% in the geotextlle that has been gradually unglued 
frolll the geollellbrane. At -35°C, brittle failure occur5 
in the geomembrane and the specimen broke sharply like 
glass on multiple irregular planes (a further straining 
of the specimen also caused the geote xtile to fail at 
35/strain, a5 shoHn in fig. 3). 
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a) at 23°C 

b) at - 35°C 
FiQ. 4 Stralned PVC -240 at extreme temperature 

EFFECT OF ULTRA-VIOLET EXPOSURE 

Axial tensile tests were conducted on composite 
specimens by exposing one of its sides to 500 hours (21 
days) of continuous radiations from 4 ultra-violet 
fluorescent lamps located 50 mm from the composite. 
These conditions are relatively severe and produce an 
accelerated alteration of the polymers. In our tests, 
all the composites have shown an appreciable decrease in 
their tensile strengths. Figure 5 shows typieal 
stress-strain eurves for EPDI1 and PVC composites, the 
strength deerease being 33 and 2SX respectively. 
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EXPOSURE ON TENSILE STRENGTH 

JOINTS BEHAVIOUR 

For the different materials, the joints between two 
pieces of geomembranes were tested in tension. The 
overlap length and methods used are given in table 111. 
These methods are deseribed in more details by Frobel 
(i). In every ease the sampies failed outside the joint 
indieating that they were capable of sustaining stresses 
at least equivalent to that of the geomembrane itself. 

It is to be noted however that these tests were made 
on geomembranes without geotextiles. The tensile tests 
on composites show that their strength is mainly derived 
from the geotextiles. It is therefore stressed that 
seaming of the geotextiles is of utmost importance to 
preserve struetural integrity and it must be eombined 
with joining of the geomembrane, aprerequisite to 
insure imperv i ousness. 

Tabla 111 - Seal cf geolelbranes 

r-------------T---------T-------·----------, 
IGEDMEMBRANE 'S I DVERLAP LENGTH I METHOD I 
I DESIGNATION I mm I I 
t----------t----------t-------------1 
I EPDI1 I 50 I vulcanization I 
I I I I 
I Buty l e I 100 I eontact adhesive I 
I I I + tape + pressure I 
I I I I 
I CSPE I 50 I nitrile solvent I 
I I I I 
I PVC I 50 I fusion welding I 
I I I I 
I CI M I not tested I I L ________ "'"-_. __________ ---'- _ _______ _ ___ · ____ ~ 
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CDNCLUBIDNS 

The effects of bonding geotextiles to different 
types of geoaembranes Mas evaluated from tensile and 
burst tests. These tests were conducted at sub-zero 
temperatures and after exposure to ultra-violet light. 

The test results ShON that the tensile strength of a 
1.6 mm thick geomembrane can be ·multiplied by a factor 
of 10 to 20 when bonded bet"een two non-Noven 800 g/m Z 

geotextiles. Since the composite derives its strength 
~ainly from the geotextiles, the amount of glue used can 
be minimal. It is ho"ever i~portant that this bonding 
be achieved since it facilitates installation on sloping 
surfaces and avoids the presence of a mlnlmum adhesion 
plane between the unglued geotextiles and the 
geomembrane. In the absence of bonding, the geotextile 

geomembrane friction angle can be as low as 20°, 
whereas a typical value of soil-geotextile friction 
angle would be in the order of 28 to 30° (!). 

Under low temperatures, the geotextiles forming the 
composites remain unaffected, "hile the stress-strain 
behaviour of some geomembranes changes significantly. 
Thermoplastics (PVC and CSPEI, become brittle and fail 
at low strains (5-IOXI whereas the elastomers 
stress-strain behaviour remains unaltered by 
te~peratures as 10M as -35'C, and failure occurs in the 
geotextiles at 40-50% strains; the geomembrane failure 
strain being greater than that of the geotextiles. Based 
on these results, it is recommended that elastomers 
protected by thick non-woven geotextiles be used as an 
impermeable barrier in cold climate. 

Finally, exposure of any composite to ultra-violet 
light is detrimental to its tensile properties. 
Composites should therefore be protected from sunlight 
by either a earth cover (rip-rapl of prefabricated 
elements if their tensile strength is to be relied upon. 
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