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The Selection of Testing Procedures for the Specification of Geotextiles
La seléction de procédures d’essai pour les specifications des géotextiles

The considerable growth in the application of geotextile
for civil engineering works has led to a demand for app-
ropriate specifications. To assist 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 carrying 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 civil engineering
works, particularly in the United Kingdom. Initially
these applications were related to works of a temporary
nature such as, contractor's access roads having a life
of only a few years at most. More recently, however 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 hundred
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 well
established techniques for their design and specification.
To 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 1'application de géotectiles aux
travaux publics a entrainé une demande pour des
spécifications appropriées. Pour faciliter la pro-
duction de telles spécifications, le Laboratoire de
Recherches sur les Transports et les Chaussees, con-
jointement avec 1'Université de Strathclyde, est en
train d'effectuer un programme commun de recherches avec
le but de sélectionner des methodes d'essai convenables
en ce qui concerne non seulement la conception, mais
aussi le contrGle de qualité. Dans cet article on
examine la base de la méthode de recherches suivie, et
on fait un bref compte rendu de la situation actuelle

en ce qui concerne les méthodes d'essai recommandées,

et d'autres procédures qui ne sont pas encore définies,

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 (1,2):

(i) Separation

(ii) Filtration
(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 from 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) TIdentification of design procedures to be
followed for specific applications,

(b) Limiting values of geotextile properties,
measured according to standard test procedures,
which may be adopted in a design.
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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 AND ENVIRONMENTAL 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 data 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.

PROPERTIES IMPORTANT IN BASIC FUMCTTIONS.
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AND HYDRAULIC PRUPERTIES. ALSD THE ENTIRE STRESS-STAAIN-TIME
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CHEMICAL STABILITY i y o ARE REQUIRED TO PERFORM
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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 sample 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.

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
well as for quality control purposes.

(c)

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 temper,-
ature for foundation soils is approximately 10 C,

Relative humidity can vary greatly on site,
therefore it is judged best to carry out design
data tests on geotextiles in a fully saturated
condition,

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 United Kingdom at the standard en-
vironmental conditions detailed in BS 1051:
1972 (3).

IN-TSOLATTON
TrSTTHG

THE COMPONENTS OF CONTRACTURAL SPECIFICATIONS FOR SOIL-GEOTEXTILE SYSTEMS.

FOR CEOTEXTILES.
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Fig. 3. THE VARIOUS UNCONFINED AND CONFINED CONDITIONS
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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 follows:

(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. 1IN-SOIL TESTS TO OBTAIN DESIGN DATA

REFERENCE TO FUNCTIONS IN WHICH TEST DATA  USED
ERDEERTIES TESTS METHODS PROPOSED
SEPARATION FILTRATION DRAINAGE REINFORCEMENT
SOIL PARTICLE RETENTION | NOT YET IDENTIFIED . * 5
OVERALL LDAD-EXTENSION
DURING FIRST TIME = - ’
LOADTAG THE BASIC METHOD 1S THAT DESCRIBED BY
— McGOWN, ANDAAWES, WILSON-FAHMY AND

ARADY(1981) AND MODIFIED FOR CYCLIC
CYCLIC LOADING LOADING AND CREER/STRESS RELAXATION - - ®

AS DESCRIBED BY McGOUN, ANDRAWES AND

KABIR (1982)
CREEP AND STAESS - - .
RELAXATION
SURFACE FRICTION/ SHEAR BOX TEST SIMILAR TO THAT OF THE 3
ADHESION A.I.L.E.M. RECOMMENDATION. SM-G-13 = =

AND ASTM PRUPUSED "SLIDING RESISTANCE"
FLUTO FLOW CAPACITY "
ACARGSTHE GEOTEXTILE THE METHOD DESCRIBED BY McGOWN, MURRAY .

AND KABIR (1902) IS PRESENTLY USED

DUT A MODTFIED VERSION OF THE APPARATUS

SIMILAR TO THAT DESCRIBED BY FIERZ,
FLUID FLOW CAPACITY MARTIN AND DURST (190D) 1S LIKELY 10 _ _ .
ALONG THE GEOTEXTILE REPLACE THE APPARATUS NUW IN USE -
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(b) Load-extension tests: Apparatus has been de- QUALTITY CONTROL TESTS
veloped, as part of the current study (4, 5),
for obtaining the load-extension properties of The object of these tests is to ensure that minimum
geotextiles in soil. The maximum width of geo- standards defined according to a manufacturer's spec-
textile specimen which can be tested is 500 mm ification are maintained both during manufacture and
and the soil particles applying the confining subsequently after transportation, storage and handling.
stress may be up to 25 mm diameter. At present The tests would normally be simple to perform, of low
the upper limit of confining pressure which can cost and able to be carried out either in standard geo-
be applied is 250 kN/m2. Modified versions of technical and textile laboratories or on site. The
the apparatus permit tests to be carried out tests appropriate to a particular function for which a
involving cyclic loading, stress relaxation and geotextile is employed are listed in Table 3 and, al-
creep. though only a selection of those tests would require
(c) Surface friction/adherence properties: The use k. ?g ﬁ:;glig g:td;:engzmglrglziggszigcﬁié jgﬁ: §:5§:
of geotextiles for reinforcement purposes re- ol g q SED
quires that their tensile strength is mobilised Attempts are sometimes made to use data from quality
through friction at the interface between the control tests for design purposes. Generally such data
soil and geotextile. the friction/adhesion areinappropriate as the test procedures rarely simulate
parameters are most commonly obtained using the the field conditions. More importantly, the influence
direct shear apparatus. One approach involves of environmental conditions, soil confining stresses,
confining the geotextile between the two porewater pressures and other aspects of soil behaviour
halves of the shear box containing the soil can produce significant effects which will often nec-
proposed for use in the construction works, essitate in-soil testing.
i 4.5 DISCUSSION
(d) Fluid flow capacity: Apparatus for obtaining
this pEOPSEFy is :escr?gid lRta compagloq During the past four years since the study was initiat-
pager to t s conrerence —-i 3 Erisen tﬁlr' ed many of the procedures for testing geotextiles have
cunaf tesd spec;m:ni aie <Ap. oﬁi u_ta§ 50 been established and the problems associated with most
can INtroclce edge .eqxdge provlemsi Lt. L5 Pro~ of those remaining have been identified.
posed to develop a further version utilising
square specimens. The apparatus would then be
similar to that described by Fierz et al (7).
TABLE 3. INDEX TESTS FOR QUALITY CONTROL PURPOSES
FUNCTIONS IN WHICH TEST DATA USED
PROPERTY TEST METIODS LIKELY TO BE ADOPTED . REMARKS
BEPARATION | FILTRATION | DRATNAGE | REINFORCEMENT
MASS PER UNIT R.I.L.E.M. RCCOMMENDATION M- Ge6 & P 2 " ~
"MASS PER UNIT AREA"
PUHE SIZES R.I.L.E.M. RECUMMENDATION SM-G-8
"PORE SIZE MEASUREMENT" (DOTH DRY AND " * * . PROBLEMS OF TESTING THICK NUN-WOVENS EXIST
WET SIEVING TECHNIUUES EMPLOYED) WITH DRY SIEVING TECHNIQUES
OPEN AREA DIRECT DBSERVATINN, CALHOUN (1972) (8) . . . . ONLY WOVENS AND VERY THIN NON-UOVENS CAN
BE TESTED
NOMINAL THICKNESS R-1.L.E.M, RECOMMENDATION 5M-G-7 "NUMINAL . . . . =
THICKNESS"
COMPRESSTBILITY COMPRESSION BETWEEN' TWQ RIGID PLATES * . . * -
McGNWN, MURRAY and KABIR (1982)
QVERALL LOAD-EXTENSION| UNIAXIAL TENSILE TEST ON SPECIMENS OF - _ . " 7
IN FIRST TIME LOADING | 200 MM MINIMUM WIDTH AND ASPECT RATIO ™ PP LA T RS A AL DL I DTH STEST
IN-ISOLATION OF 2:1 (WIDTH: HETGHT)
LOCAL BURST STRENGTH | MULLEN BURST TEST, B.S.4768(1972) (9) . . . * DIFFICULTIES EXIST WHEN TESTING VERY STRONG
GENTEXTILES IN THIS APPARATUS
TEAR PROPAGATION R.I.L.E.M. RECOMMENDATION SM-G-12, "TEAR - g . i FURTHER TESTING IS REQUIRED BEFORE A
AESISTANCE" OR ASTM PROPOSAL" DECISION ON WHICH TEST T0 ADOPT IS MADE
SURFACE FRICTION SHEAR BOX TESTS CARRIED OUT IN THE THE R.1.L.E.M. AtD ASTM TESTS ARF VERY
MANNER  OF R.I,L.E.M. RECOMMENDATION - - - . o
SM-G-13 AND ASTM PROPOSAL "SLIDING LRSS
RESISTANCE"
PERMI[TIVITY R, 1.L.E.M. RECUMMENDATION SM-G- 9, - - . - THIS TEST IS NOT CONSIDERED SUITABLE
"HYDRAULIC PERMITTIVITY" FOR_DESIGN DATA PURPDSES
TRANSMISSIVITY R.I.L.E.M. RECOMKIENDATION SM-G-10. - - ] - (S ABOVE)
"HYDRAULIC TRANSMISSIVITY"
DURABILITY NOT YET IDENTIFIED . . . " -
TEMPERATURE STABILITY | NOT YET IDENTIFLED - - - . -
CHEMICAL STABILITY NOT YET IDENTIFIED » ’ * » -
U.V. LIGHT STABILITY | UNLIKELY TEST PROCEDURES WILL BE INCLUDED AS EXTENDED EXPOSURE OF GENTEXTILES TN U.V.
LIGHT WILL NOT BE PEAMITTED IN TIE SPECIFICATIONS TRANSPORTING, STORAGE AND HANDLING
DR LAYING PRUCEDURES

295



Session 2B: International Standards

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 (8
shown that the soil confining stress significantly

affects the behaviour of many geotextiles.

A selection of index, (quality control) tests have been

proposed which are intended to ensure that minimum (9)

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 laboratory 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 data 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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