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The Selection of Testing Procedures for the Specification of Geotextiles 

La seh~ction de procedures d'essai pour les specifications des geotextiles 

The considerable growth in the application of geotextile 
for civil engineering works has led to a demand for app­
ropriate specifications. Ta ass ist in producing these 
specifications a joint programme of research is being 
carried out by the Transport and Road Research Laboratory 
and the University of Strathclyde to select suitable 
testing methods for both design and quality control pur­
poses. In this paper the basis for the approach adopted 
in carrylng out the research is discussed and the present 
position outlined with regard to recommended testing 
methods and those procedures which are as yet to be de­
fined. 

INTRODUCTION 

During the past decade, considerable growth has occurred 
in the application of geotextiles in clvil engineering 
works, particularly in the Uni ted Kingdom. Initially 
these applications were related to works of a temporary 
nature such as, contractor's access roads havin~ a life 
of only a few years at most. ~lore recently, ho;"ever con­
sideration has been given to their use for permanent 
works such as retaining structures and embankment stab­
ilisation, where the required life can exceed one hund red 
years. For works of a permanent nature, those engineer­
ing structures which utilise geotextiles for their in­
tegrity must compete on equal terms with traditional type 
structures constructed from material which have weIl 
established techniques for their design and specification . 
Ta ensure that an alternative mode of construction which 
involves geotextiles is offering an equivalent structure 
to the traditional versions, in terms of both life and 
functional performance, it is essential that the required 
characteristics of geotextiles be properly specified. 
Moreover, appropriate testing techniques must be avail­
able to provide the required design data and to ensure 
that the quality of the product is being maintained. 

In this paper the requirements for geotextile specificat­
ions are considered together with the approach adopted in 
a joint research porgramme being undertaken by the 
Transport and Road Research Laboratory and the University 
of Strathclyde to establish suitable testing techniques 
and develop design procedures on which appropriate spec­
ifications may be based. 

La forte croissance de l'application de 9eotectiles aux 
travaux publics a entrafne une demande pour des 
specifications appropriees. Pour faciliter la pro­
duction de teIles specifications, le Laboratoire de 
Recherehes sur les Transports et les Chaussees, con­
jointement avec l'Universite de Strathclyde, est en 
train d'effectuer un programme commun de recherches avec 
le but de selectionner des methodes d'essai convenables 
en ce qui concerne non seulement la conception, mais 
aussi le controle de qualite. Dans cet article on 
examine la base de la methode de recherehes suivie, et 
on fait un bref campte rendu de la situation actuelle 
en ce qui concerne les methodes d'essai recommandees, 
et d'autres procedures qui ne sont pas encore definies. 

REQUIREMENTS OF SPECIFICATIONS FOR GEOTEXTILES 

Although there are a considerable number of applications 
for geotextiles in civil engineering works (Fig. 1), 
their primary functions can always be identified as in­
cluding one or more of the following categories (l,~l: 

(i) Separation 

(U) F iitration 

(iii) Drainage-in-the-plane 

(iv) Reinforcement 

The importance of the engineering and physical properties 
of geotextiles in relation to the basic functions is de­
tailed in Table 1. It Is apparent fr om this that the 
information needed to specify a geotextile for each of 
the functions will be rather different. A further com­
plication in respect of the specifications is that 
product quality can be significantly affected both at the 
manufacturing stage and subsequently, hence appropriate 
testing procedures are needed to ensure that the minimum 
acceptable quality is maintained. Thus the basic require­
ments of specifications for geotextiles should include 
the following items: 

(a) Identification of design procedures to be 
followed for specific applications. 

(b) Limiting va lues of geotextile properties, 
measured according to standard test procedures, 
which may be adopted in a design. 
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Fig. 1. THE BASIC FUNCTIONS OPERATING IN VARIOUS 
APPLICATIONS. 
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(c) Procedures for transporting, storing and hand­
ling geotextiles. 

(d) Construction or installation procedures for 
civil engineering works utilising geotextiles 
for their integrity. 

(e) Limiting values of geotextile properties, 
measured according to standard test procedures, 
for the purposes of quality control. 

Clearly, some of the above items will be common to a 
range of geotextile applications, thus reducing the 
number of test methods needed generally and also sim­
plifying the procedure for developing specifications 
for particular applications. 

PROCEDURES Alm ENVIRONt~ENTAL CONDITIONS FOR 

SPECIFICATION TESTING 

For major works a contractural specification will usually 
involve a comprehensive programme of testing as outlined 
in Fig. 2. Different environmental conditions and prior 
treatments may be involved for the quality control and 
the design da ta testing of geotextiles, thus it may not 
be appropriate for the information obtained from any 
particular test to be used for both purposes. In any 
case the tests required to provide information for a 
design will often be more complex than those used for 
quality control purposes and the design data tests may 
need to be carried out in specialised soil or textile 
laboratories where close environmental control can be 
maintained to simulate, as far as possible, the field 
conditions. 

TABLE 1. PROPERTIES IMPORTANT IN BASIC FUnCTIot~s. 

rUNcnor~s 

GROUP PRUPERTlES REMARKS 

SEPARATION 
FIL TRI\.TIllN 

REINrrIRC[MFNl 
liND URAINAGE 

MI\TEIlIAL CONSTITUENTS NOT IMPIlIlTArJ r NOT IMrUIlTIINT MINOIl , OIlf'lINAN CONSTITUEr~l I'IATERIALS CAN BE IHE LJOMHHINT FACTOll CONTROLLING 

CDNSTRueT IIlNAI 
STnESS-STRAIN BEHAVHlUR MW sunrAC[ rrUCTION 

AND BASIC I'IETHUO Dr MANUF IICTURE MJfJIJR , DOM JrHlIJ DUMINflrH O(IMHHlrJT THIS DETERI'1INES THE STRUCTUIlE WHlr::H CONTAOLS I'lflNY rROPERTIE5 

PUVSICAL 
H(NCE- IT MUST BE- CAREfUlLY CONTROLLEO 

PROPEIHICS 
MI\SS PER UNIT I\REI\ DOMINI\NT " " A GUoO MEI\SUI1E OF TH[ CONSISTENCY (lF THE PROOUcr QUALITY 

PORE SIZE5 . .. NIJr Il'IflllRTflNT or PARTICULflR IMPORTflNC[ foR SEPARATION fiND FIlTAIITIoN fiND 
DETfRMINES HIE. CAtJlHlILITY UF GEHXTIlES TU RETAIN SOll 
INTERNflLlY on AT THr. SElIL-[;EOTEXTIlE HJTERFACE 

OPEN flREA " " " .. 

THlr.KNESS . " .. .. 
CUMPnESSION IN SOll AND REOIlIENTATIUI~ OF Fl8RES OUnING 
STRI\INItJG [HAnGES TIIIcr.r~ESS I\NO STRUCTUIlE WHICll 

IlIGIDITY [Jf STRUCTUH[ " . OoMJ NANT 
MUDlrIES MMJY oF THE GEOTEXTILES pnOPERTIES 

.. I'IECHAN reAL OVERALL STAES5-STAAlI~ MI Non MINUA DUMINAIJT 
REINFOACEMENT rUNCTIDtJ 15 DEPENDENT ON i\Ll THESE 

AND HYDnllUl IC 
BEHJ\VI IJUR pnUPERTIES. ALSO THE ENTIRE. STR[SS-STRAIN-TIME 

PROPERTIES 
OVERALL EXTENSIliN TU I'IINoR I'IINOn DUMINfltJT RELATIONSHIP AND NOT JUST PEAK lOAD AT A 

RUP1""[ STIlNDAnD STnAIN RATE IS SIGrUrICANT 

CREEP AND STRESS rml IMPoR TI\NT Nm II"IPORTANT mlMJNI\fH 
ßELAXJlTlON 

LDCAl 8URST STRENGn! DOMINANT DOMINANT MIrlflll , DUMTNANT filE ABIUTY TO nESIST AND REDISTRIBUTE loCAL LOI\DS liRE TWO 

TEIIFl PROPAf,ATlON DUMINI\N T OOMlIH\NT nOMINI\fJT 
nr TUE PIIINCIPAL BEN[FITS OF GEoTEXTlLES AND MUST BE 
I\S~5. lftI~ UITtI 1ly'!!'5T tulO n.l\!! n(.sIsTA~Ct 

SURFACE rRICTIUN/llorlrSIIJN NOT IMPURT/I.Nl ~OT IMPORTIINT DOM I NJHH ~~ß~~~l:~~C!~~:~...!~~~~!GTH THERE MUST BE SUFFICI[NT 

FLUID FLoW CIII1ACITY NOT IMPonTANT OOMIrlANT N[]T Il'lrflRTANT filE CAPABILITY OF GEDTEXTIlES To AllllW WATER TD FloW 

PER UNIT AREA UR UfET THROUGH fllEI"I IS FUNOAMENTAl To ALL FIl TRI\TIoN I\ND 

THICKNESS IJRA NAGE rUNCUONS 

I. [NV IRoNI'lENT Al DURI\BILI TY DnMINA~n oorHNArn DllMINIINT r.EDTEXTIlE5 MUST BE CI\PABLE oF MAINTAINING THEIH 

PRrlPERTrES 
TEMPERATURE STi\RILITY .. " " 

FUNCTIoNAL PERFORMIINCES WITH TIME ANO THEREFORE I'IUST 
ACCoI'IMODATE THE ENVIRONMENT CoNDITIoNS IN WHICH THEY 

CIlEMICAL STABIlITY . , " . ARE REI1UIREO TD PERFORM 

U.V. LIGHT STIIBILITY . .. .. 
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SfLfCTION Of GfOTEXTILr 
--------~---

Fig. 2. THE COMPONENTS OF CONTRACTURAL SPECIFICATIONS FOR SOIL-GEOTEXTILE SYSTEMS. 

On these bases four main areas of testing may be ident­
ified: 

(a) Soil testing: The engineering properties of the 
soil to be used should be determined to identify 
the required geotextile properties. This should 
include chemical tests to enSUre that materials 
liable to attack geotextiles are not present in 
significant amounts. 

(b) In-isolation tests: The geotextile sampie for 
testing may be unconfined or confined as in­
dicated in Fig. 3. The laboratory environmental 
conditions for such tests should be standardised 
and in the United Kingdom be in accordance with 
BS 1051:1972 (3), which specifies a standard 
temperature of-20 °c + 2 °c and relative 
humidity of 65 + 5 per-cent. At present it is 
considered that-most in-isolation tests have 
very little relevance for the purposes of design 
although it may be possible with time and exten­
sive usage to relate certain test results to the 
performance of structures utilising geotextiles 
and so produce empirical design data. 

(c) In-soil tests: These tests are carried out with 
the geotextile confined in-soil as shown in Fig. 
3. For design purposes the soil employed should 
be that proposed for the construction works al­
though the use of a standard soil may be of 
value for obtaining relative performance data as 
weIl as for quality control purposes. 

In carrying out these tests for design applicat­
ions the temperature conditions should ideally 
correspond to those anticipated on site, Fig. 4. 
Inthe United Kingdom the average annual tempe~­

ature for foundation soils is approximately 10 C. 
Relative humidity can vary greatly on site, 

I therefore it is judged best to carry out design 
data tests on geotextiles in a fully saturated 
condi tion. 

Those in-soil tests which involve the use of 
standard soils and all in-isolation tests on 
geotextiles are collectivelyreferred to as 
Index Tests. They should generally be carried 
out in the Uni ted Kingdom at the standard en­
vironmental conditions detai1ed in BS 1051: 
1972 (~). 

-@ 
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Fig. 3. THE VARIOUS UNCONFINED AND CONFINED CONDITIONS 
FOR GEOTEXTILES. 
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(d). Prototype trials: large scale laboratory tests 
or field trials may be used to measure the 
overall performance of soil-geotextile systems 
and the resulting data used directly in design 
providing that the environmental conditions of 
the trial conform to those on site. Alter­
natively, it may be possible to asses the per­
formance of the soil and geotextile components 
of the system separately for design purposes. 

TEST METHODS TO OBTAIN DESIGN DATA 

The range of tests required is listed in Table 2 and it 
can be seen from this that all the necessary tests are 
not yet identified although the number of additional 
tests is expected to be fairly small. However, an im­
portant requirement will be to ensure that all of the 
test methods finally adopted permit the soil-geotextile 
behaviour to be assessed at the stress levels and en­
vironmental conditions anticipated on site . 

Because of the difficulty of site conditions and the 
complexity of the soil-geotextile-structure interaction 
problems, it may be essential on some occasions to 
obtain design data from field trials. A further need 
for such trials may arise because of construction 
effects, which are generally too difficult to simulate 
in laboratory tests, will sometimes dominate soil­
geotextile system behaviour. Further aspects of the 
tests required to obtain design data are considered 
to be as folIows: 

(a) Particle size retention: No suitable procedure 
has as yet been developed but what is required 
is a method which permits the soil retention 
properties of geotextiles to be measured during 
steady state, transient and reversing flow con­
ditions, both across and along the geotextile. 
However, it may prove possible to interpret 
the data from fluid flow tests to obtain this 
information. 

TABlE 2. IN-SOll TESTS TO OBTAIN DESIGN DA TA 

REFERENCE TO f' UNCTIQNS IN WHICH TEST DAlA USED 
PAOPERTIES 

TESTS METHODS PROPOSED 
SEPARATION fIL TRATIUN DRAINAGE REINFORCEMENT 

SOJl PARTICLE RETENTION NOT 'iET IDENTlFIEO . . -

OVERALL LOI\O-EXTENSION -OURING FIRST TIME - - . 
LOADING 

THE BASIC METHaQ 15 THAT DESCRI8EO 8'1' 

McGOWN, ANDRI\'~ES, WIl50N-FAHI'IY AND 
13I1AOV(1981) ANO MODIrIED rOR CYCLIC 

CYCLIC LOI\DING LOAOING ANO CREEP/STRESS HELAXATION - - - . 
1'15 DESCAI8ED SV McGOWN, ANDRAWES AND 
KA8IR (1982) 

CREEP ANO STRESS - - -
RElAXATION 

SURr ACE rRICTION/ SHEAR BOX TEST SIMILAR TO THAT or THE - - -AOHESIDN R.LL.E.I'I. RECOMfYlENDATION. SI'I-G-13 
AND ASTM PROPUSEO "SLIDHJG I1ESISTANCE" 

FLUID FLOW CI\PACITV - . - -ro:;Aij6STl-lE GEOTEXTILE THE METHOO OESr:AI8EO ElV I'IcGOWN, MUI1RAV 
AND KAB IR (1 9(2) 15 PAESENTL V USED 
OUT A 1'I0DlF"IED \lERSION or THE APPARATUS 
SIMILAR TD THAI OESCRISEO sv rrEI1Z, 

FLUID FLOW CAPACITV MARTIN ANO DURST (19no) IS LIKELY 10 - - . -I\LUNG THE GEOTEXTILE REPLACE THE APPARAlUS NUll) IN USE 
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(b) load-extension tests: Apparatus has been de­
veloped, as part of the current study (4, 5), 
for obtaining the load-extension properties of 
geotextiles in soil. The maximum width of geo­
textile specimen which can be tested is 500 mm 
and the soil particles applying the confining 
stress may be up to 25 mm diameter. At present 
the upper limit of confining pressure which can 
be applied is 250 kN/m2• Modified vers ions of 
the apparatus permit tests to be carried out 
involving cyclic loading, stress relaxation and 
creep. 

(c ) Surface friction/adherence properties: The use 
of geotextiles for reinforcement purposes re­
quires that their tensile strength is mobilised 
through friction at the interface between the 
soil and geotextile. the frictlon/adhesion 
parameters are most commonly obtained using the 
direct shear apparatus. One approach involves 
confining the geotextile between the two 
halves of the shear box containing the soil 
proposed for usc LI! thc cOJlslructlon works. 

(d) Fluid flow capacity: Apparatus for obtaining 
thls propcr ty 1s described in a companion 
paper to this conference (6). At present cir­
cular test specimens are employed but as these 
can introduce edge leakage problems it is pro ­
posed to develop a further version utilising 
square spec1mens. The apparatus would then be 
similar to that described by Fierz et al (~). 
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QUALITY CONTROl TESTS 

The object of these tests is to ensure that minimum 
standards defined according to a manufacturer's spec­
ification are maintained both during manufacture and 
subsequently after transportation, storage and handling. 
The tests would normally be simple to perform, of low 
cost and able to be carried out either in standard geo­
technical and textile laboratories or on site. The 
tests appropriate to a particular function for which a 
geotextile is employed are listed in Table 3 and, al­
though only a selection of those tests would require 
to be carried out in normal circumstances, such tests 
would need to be done on a regular and frequent basis. 

Attempts are sometimes made to use data from quality 
control tests for design purposes. Generally such data 
areinappropriate as the test procedures rarely simulate 
the field conditions. More importantly, the influence 
of environmental conditions, soil confining stresses, 
porewater pressures and other aspects of soil behaviour 
can produce significant effects which will often nec­
essitate in-soil testing. 

DISCUSSION 

During the past four years since the study was initiat­
ed many of the procedures for testing geotextiles have 
been established and the problems associated with most 
of those remaining have been identified. 

TABlE 3. INDEX TESTS FOR QUAlITY CONTROl PURPOSES 

f1JNCTIONS IN WIlICH TEST OA1A lISEO 
PRDP[RlV TEST I'IETIIUOS lIKELY TO BE AOOPTfO -- R[I"IAnKS 

IIrPAAAl"ION rlLTRATInN DIlAINA[;E REINfORCEMENT 

I'1I\~S PER UNH R. I. L. LM . R[COMl'lENDATION 5r·'.G-6 · · -"/'lASS rER UNIT f\REA" 

PtJHE SIlES R. I.L. [,1'1. R[CUI'II'IENDATION SI'l-r.-8 
"PORE sur M(ASUAEMEtH" (DOnt ony ANO · · · rR06l EMS or TESTING TtIlCV. NON-k/OVENS EXIST 
WH SIEVING TECIINIUUES EMPLOYCO) \11 TH DRY SIEVING TECHNIQUES 

nPEN I\REA OIREel OBSERVATION , CALHOUN (1972) C~) · ONl Y WOVENS ANO VEAV THIN NON-lIJOVENS C~N 
BE TE5TED 

NOMINAL THICKNESS R_l.L. E.M. AEC(1MI'1ENDATION S~G-7 "NllMIN/\ · THICKN(~S" -
COI"IPAESS 18 IU TV r;OI"lPA(SSION BElWEEN' TlIJ(l RrGID PlIlTES · · · -

McGOlllN, I'IURIlAY and KABrR (19ßZ) 

OVERAll lOAD-EXTENSION UNlAXIAL l(NSILE TEST ON SP(CIM[NS IJF - - - SIMILA R TO ASTM PRI1POSAL "WIDE WIDTH TEST" IN FIRST TIMf. lOADING 200 l'1l"I MINIMUM li/10TH ANO ASPECT RATIO 
IN-ISOLATION DF 2:1 (W10TH: HEIGHT) 

LOCAL BURST STRENGTH MULlEN BURST TEST, 8.S .• ?(,8( 1972) ()C) · · · DIFrzCULTI[S EXIST WI'IEN TESTING VERY STAONG 
GEnHXTlLES IN THIS f\PPARATUS 

TE AR PROP AGA TI ON fl.I.L.E.M. R[CrJMENOI\TIUtl S~G-12. "TEAR · · FunTHfA TfSTING 15 R(DUInEO suonE. A 
RESlSTANC[U UR ASIM PROPOSAL" OECISION ON WHICH TEST TO AOOPT IS MADE 

SURfACE rRICTION SHEAn BOX TESTS CARRIEO OUT IN TltE 
THE R.l.L.E.M. M!I) A5TI'I 1 EST5 ARF: HERY 

MANNER or n.LL.E.M. RECOMMENDAT J ON - - - SIMILAR IN THIS r:ASE SM-G-13 ANO ASTM PROPO~Al "SllDWG 
RESISTANCE" 

PERMI rTIvnv R.LL.E.M . RECIJMMENDATtON SM-G- g. - - · - THIS rEST 15 NUT CllNSIOEFlEO SUITI\BLE 
"HYOOAUL.IC PERMllTIVITY" rOR OES1GN OATA PURPOSE.S 

TRANSMISS IVITV R.I.L.E.M. R[CIJI'IM(NDATION S~G-ln . - - - ( AS ABO ur) 
"HYDRAULIC TnANSMISSIVITY" 

OURABIUTY NOT VET IOENTIFIEO · · · · -
T[I'lPERATUR[ STABIL ITV NOT YET IDnHIFI ED - - - -
CHEMICfll STABIlITY NOT YET IQCNTIrIEO · · -
U.V. LIGHT STABllITV UNLIKElY TEST PROCEQURES WILL OE INCLUOEO I\S EXTENOEQ (XJlOSURE (Ir G(IlT(XTlLES In U.V. 

LIGHT WILL NOT BE PERf'lITTEO IN TII( SJJ(ClrICATIONS TRIINSPORTJNr., STORAGE liND HANDLING 
DR LAY ING pnucHlURES 
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It has been demonstrated during the course of the study 
that in order to obtain reliable design data, it will 
often be necessary to combine the geotextile with the 
proposed soil in specially developed apparatus to sim­
ulate, as far as possible, the anticipated behaviour 
of a structure. One such apparatus which has been 
developed for assessing load-extension properties has 
shown that the soil confining stress significantly 
affects the behaviour of many geotextiles. 

A selection of index, (quality contro) tests have been 
proposed which are intended to ensure that minimum 
standards based on a manufacturer's specification are 
being mainatined, both during and after manufacture. 
These tests are selected largely for their simplicity, 
low cost and facility for la bora tory and field app­
lication. At the present time the results of index 
tests are considered to be of little value for design 
purposes, but as experience is gained in using these 
tests and from measured soil-geotextile systems per­
formance, it may prove possible to produce empirical 
design da ta on the basis of data from Index tests. As 
yet no specific tests unique to the storage, handling 
and laying of geotextiles have been identified with 
the exception of strength testing of overlaps and joints 
which will be tested in the in-soil load-extension 
apparatus. However, it may be necessary to check that 
operations do not adversely affect geotextile proper­
ties and quality control tests will be appropriate for 
this purpose. 

It is hoped that the approach adopted of making a clear 
distinction between tests needed for design purposes and 
those for application only to quality control purposes 
will assist in simplifying specifications for the use of 
geotextiles in the United Kingdom and elsewhere. BecausE 
index tests are to a large extent independent of the geo­
textile application, the preparation of an appropriate 
specification for a scheme may then concentrate mainly on 
appropriate testing procedures for obtaining design data. 
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