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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The procedy
described i ia neededfgr the
different types of ISO documents should be noted. This document was drafted in accordande\with the
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is|drawn to the possibility that some of the elements of this document may be the subjéct of
patent rights. ISO shall not be held responsible for identifying any or all such patentrights. Detalils of
any patent rjights identified during the development of the document will be in thé)Introduction and/or
on the ISO list of patent declarations received (see www.iso.org/patents).

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

For an explanation on the meaning of ISO specific terms and\expressions related to conformity
assessment)as well as information about ISO’s adherence to the WEFO principles in the Technical Barriers
to Trade (TBT), see the following URL: Foreword — Supplemefitary information.

The commitftee responsible for this document is ISO/TC 221, Geosynthetics.

This third |edition cancels and replaces the second edition (ISO 10319:2008), which has |been
technically revised.

© ISO 2015 - All rights reserved
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INTERNATIONAL STANDARD

ISO 10319:2015(E)

Geosynthetics — Wide-width tensile test

1 Scope

This International Standard describes anindextest method for the determination of the tensile properties
of geosynthetics (polymeric, glass, and metallic), using a wide-width strip. This International Standard

isap

plicable to most geosynthetics, including woven geotextiles, nonwoven geotextiles, geocomposites,
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ed geotextiles, geonets, geomats, and metallic products. It is also applicable to geogrids
-structure geotextiles, but specimen dimensions might need to be altered. It is110t™3
meric or bituminous geosynthetic barriers, while it is applicable to clay geosynthetic b

hcteristics and includes procedures for the calculation of secant stiffness,ymaximum I
h and strain at maximum load. Singular points on the load-extensioneurve are also ind

edures for measuring the tensile properties of both conditioned ahd“wet specimens ary¢
nternational Standard.

Normative references

following documents, in whole or in part, are normatively referenced in this documnj
pensable for its application. For dated references, only the edition cited applies. |
ences, the latest edition of the referenced document (including any amendments) appl

54, Standard atmospheres for conditioning-and/or testing — Specifications
696, Water for analytical laboratory-use — Specification and test methods

500-1, Metallic materials — Vérification of static uniaxial testing machines — Part
ression testing machines — Verification and calibration of the force-measuring system

862, Geosynthetics — Sampling and preparation of test specimens
0318, Geosynthetics.*=)Terms and definitions
0321, Geosynthetios — Tensile test for joints/seams by wide-width strip method

0223-3, Steellwire and wire products for fencing and netting — Part 3: Hexagonal ste
Licts for engineering purposes

Terms and definitions

and similar
pplicable to
arriers.

[nternational Standard specifiesatensile testmethod that coversthe measurement ofload elongation

bad per unit
icated.

b included in

ent and are
For undated
es.

1: Tension/

b| wire mesh

For the purposes of this document, the terms and definitions given in ISO 10318 and the following apply.

31

nominal gauge length
initial distance, normally 60 mm (30 mm on either side of the specimen symmetrical centre), between
two reference points located on the specimen parallel to the applied load direction

3.2

elongation at preload
measured increase in gauge length (mm) corresponding to an applied load of 1 % of the maximum load

Note

© ISO

1 to entry: The elongation at preload is indicated as SA in Figure 1.
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length

nominal gauge length (3.1) in millimetres plus the elongation at preload (3.2) in millimetres

3.4

maximum tensile Force

Fmax

maximum tensile force obtained during a test

Note 1 to entry: The maximum load is expressed in kilonewtons (kN).

3.5

tensile stra
£

increase in {

Note 1 to ent

3.6
tensile stra

€max
tensile strail

Note 1 to ent

3.7
tensile stra

€nom
strain at thd

3.8
tensile seca

J

ratio of tens|
Note 1 to ent

3.9
tensile stre

Tmax
maximum f

Note 1 to ent

3.10
strain rate

in
rue gauge length (3.3) of a specimen during a test divided by true gauge length

Fy: Tensile strain is expressed as a percentage of the true gauge length.

in at maximum tensile load

(3.5) exhibited by the specimen under maximum tensile lead

Fy: Tensile strain at maximum tensile load is expressed in percent.

in at nominal strength

guaranteed strength as defined by the manufacturer

Int stiffness

ile force per unit width to an associated value of strain

'y: Tensile secant stiffness is'expressed in kilonewtons per metre (kN/m).

ngth
rce per unit width observed during a test in which the specimen is stretched to ruptu

Fy: Tensilestrength is expressed in kilonewtons per metre (kN/m).

strain at md

xirhum load, divided by the durati

re

tensile load

Ml 4
from preload

Note 1 to entry: Strain rate is expressed in percentage per minute.

um
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Key
T lpad/unit width, in kN/m
&  dtrain, in %

AC dtrain for secant stiffness
AZ decant

SA glongation at preload

Figure 1 — Typical load per unit width/strain curve

© IS0 2015 - All rights reserved 3
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Tmax [

Tmax

Key

1
T max

Tmax
Emax
T'max

)
8 max

Figure 2 —

4 Princi

A specimen
machine op

specimen until the specimen ruptures. The tensile properties of the test specimen are calculated

machine scd
selected so 4
products th
isreduced s

The basicdi
of fabrics is

tensile strength (kN/m)
tensile strain (%)
tensile strength (kN/m) at second peak

tensile strain (%) at second peak

- Typical tensile load per unit width — strain — curves of two geocomposites sed
peak-values marked by-"”, e.g. T"max, € max

ple

is held across its entire width in a set of clamps or jaws (see Figure 3) of a tensile te
prated at a constant displacement speed, and a longitudinal force is applied to thd

les, dials, autographierecording charts, or an interfaced computer. A constant test sp¢
s to give a strainrate of (20 £5) % per minute in the gauge length of the specimen, excej
ht exhibit a low strain, i.e. less than or equal to 5 %. For these products, e.g. glass, the s
b that the speCimen breaks in 30 £5 s.

stinctionbetween the current method and other methods for measuring tensile prope
the width of the specimen. In the current method, the width is greater than the le

of the speciEn

en, as some geosynthetics have a tendency to contract (neck down) under load i

ond

sting

test
from
edis
bt for
peed

rties
ngth
h the

L7

gauge length=

2
TCd.

The greater width reduces the contraction effect of such fabrics and provides a relationship closer to the
expected fabric behaviour in the field, as well as a standard for comparison of geosynthetics.

When information on strainis required, extension measurements are made by means of an extensometer,
which follows the movement of two reference points on the specimen. These reference points are situated
on the specimen symmetry axis, which is parallel to the applied load, and are separated by a distance of
60 mm (30 mm on each side of the specimen symmetry centre). This distance can be adapted for some

types of geo

grid in order to include at least one row of nodes or internal junctions.

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=975680c70a7f51c64de521ee087f4daa

ISO 10319:2015(E)

5 Apparatus and reagents

5.1 Tensile testing machine (constant rate of extension), complying with ISO 7500-1, Class 2 or better,
in which the rate of increase of specimen length is uniform with time, fitted with a set of clamps or jaws
which are sufficiently wide to hold the entire width of the specimen and equipped with appropriate
means to limit slippage or damage. One clamp may be supported by a free swivel or universal joint to
compensate for uneven distribution of force across the specimen.

Compressive jaws should be used for most materials, but for materials where the use of these grips gives
rise to excessive jaw breaks or slippage, capstan grips may be used.

Itise
Exan

5.2

with
repré
EXAN

The ¢
irreg
and 4

5.3

5.4
The Y

ssential to choose jaw faces that limit slippage of the specimen, especially in strongerge
nples of jaw faces that have been found satisfactory are shown in Figure 3.

Extensometer, capable of measuring the distance between two reference points on t
put any damage to the specimen or slippage, care being taken to ensure“that the nj
bsents the true movement of the reference points.

PLE Mechanical, optical, infrared or other types, all with an electrical output.

extensometer shall be capable of measuring to an accuracy of #2% of the indicated re

inother specimen shall be tested.
Distilled water, for wet specimens only, complying'with Grade 3 of ISO 3696.

Non-ionic wetting agent, for wet specimens.anly.

vetting agent used shall be a general purpese polyoxyethylene glycol alkyl ether at 0,0

osynthetics.

he specimen
easurement

hding. If any

ularity of the stress-strain curve due to the extensometer is-0bserved, this result shall e discarded

5 % volume.

1 |

\J

a) friction by lateral pressure b) capstan or roller clamps friction

(hydraulic or mechanic) on circular tube

Figure 3 — Examples of jaw faces for tensile testing of geosynthetics

6 Test specimens

6.1

Number of test specimens

Cutaminimum of five test specimens in both machine direction (MD) and cross machine direction (CMD).

© ISO

2015 - All rights reserved
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6.2 Preparation of test specimens

Prepare the

test specimens in accordance with ISO 9862.

6.3 Dimensions

6.3.1 Nonwoven geotextiles, knitted geotextiles, geonets, geomats, clay geosynthetic barriers,
drainage composites, and other products

Prepare each finished test specimen to a nominal 200 mm #1 mm width and of sufficient length to

ensure 100

the

direction in
can affect tl
be reported

mm between the j:“AIQ, with the ]pngfh dimension hping anignafpr‘] and pnrn]]nl t
which the tensile force is applied. For some materials, the use of a cutting knife or, Sei
le structure. In such cases, thermal cutting or other techniques can be used, and-this
in the test report (see Clause 10) Where appropriate and for monitoring any slippage,

5SOT'S
shall
draw

two lines running the full width of the test specimen jaw faces, perpendicular to the length dimension

and separat

6.3.2 Woy

Forwoveng
an equal nui

NOTE
affected, the

6.3.3

For geogridj
at least 100
separated b
test and, aft
test result

The test spq
cross-memhb
one rib (loa
complete te
than 120 my
pitch greate

The referen

be subjected to testingland shall be at least 60 mm apart. The reference points shall be marked

centre poinf
two referen
achieve the

This helps to maintain the specimen integrity during the test:«¢When the specimen integrity

Geolgrids with one axis

[ at least 10 mm, the specimens should-be prepared two ribs wider than required fo

bd by 100 mm [except for capstan grips — see Figure 3b)].

ren geotextiles

potextiles, cuteach specimen approximately 220 mm wide and thenmake fringes by remgving
mber of threads from each side to obtain the 200 mm +1 mm¢rominal specimen width.

s not
kpecimens can be initially cut to the finished width.

sure
e not

the
er clamping in the jaws, the outer rjibon each side of the specimen should be severed| The
strength) shall be based on the-unit of width associated with the number of intact|ribs.
ecimen shall contain at least one“row of nodes or cross-members, excluding the nodes of
ers held in the jaws (see Figure 4). Products of pitch [i.e. the distance between the start of
l bearing element) and thie start of the next rib] less than 75 mm shall contain at least four
hsile elements (ribs) in the width direction. Products of pitch greater than 75 mm and less
h shall contain at least two complete tensile elements in the width direction. For produgts of
r than 120 mm, single ribs may be tested.

with one axis, prepare each specimen at least”200 mm wide and sufficiently long to er
mm between the jaws. Cut all ribs at least-10 mm from any node. Where the nodes arj

Ce points fortheextensometer shall be marked on a central row of tensile elements thaf will
t the
of a rib:and shall be separated by at least one node or cross-member. Where necessary, the
Ce points may be separated by more than one row of nodes or cross-members, in order to
mlnlmum separatlon of 60 mm apart In this case, the requlrement to mark the refeence

pOll’ltS at mid

the grid. Measure the nomlnal gauge length to an. accuracy of+1 mm.

6.3.4 Geo

grids with two axes and four axes

For geogrids with two or four axes, prepare each specimen at least 200 mm wide and sufficiently long to
ensure at least 100 mm between the jaws. Cut all ribs at least 10 mm from any node. The test specimen
shall contain at least one row of nodes or cross-members, excluding the nodes of cross-members held in
the jaws (see Figure 5 and Figure 8).

Products of pitch less than 75 mm shall contain at least four complete tensile elements (ribs) in the
width direction. Products of pitch greater than 75 mm and less than 120 mm shall contain at least two
complete tensile elements in the width direction. For products of pitch greater than 120 mm, single ribs
may be tested.

© ISO 2015 - All rights reserved
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The reference points for the extensometer shall be marked on a central row of tensile elements that will
be subjected to testing and shall be at least 60 mm apart. The reference points shall be marked at the
centre point of a rib and shall be separated by at least one node or cross-member. Where necessary, the
two reference points may be separated by more than one row of nodes or cross-members, in order to
achieve the minimum separation of 60 mm apart. In this case, mark the reference points at mid-rib or on
nodes and the gauge length shall then be an integral number of pitches of the grid. Measure the nominal

gaug

e length to an accuracy of #1 mm.

6.3.5 Geogrids with three axes

For geogrids with three axes prepare each specimen atleast 200 mm wide and sufficiently long to ensure

at led

shown in Figure 6 and Figure 7.

The
sepa
sepa
of 60
and 1

eference points for the extensometer shall be marked at the centre point afya.-hode

length to an accuracy of +1 mm.

6.3.4 Metallic geotextile related product

Fornpost metallic products the preparation of specimens can bedone by methods already defined

Spec
in ac

The 1}
shall
of +1

Note
acco]

reference points for the extensometer shall\bé marked at the centre point of the doubl
be separated by a distance of at least 60mm. Measure the nominal gauge length to

mm (see Figure 9).

that results obtained in these tests'might not be directly comparable to those obtaine
‘dance with ISO 10319.

fically for testing double twisted, hexagonal, steel@ire mesh product, the sample shoy
rordance with EN 10223-3, except that the exterision shall be measured using an exter

st 100 mm between the jaws. The specimens are cut and the width of the specimen isneasured as

hnd shall be

Fated by at least one node or cross-member. Where necessary, the two reference pdints may be
Fated by more than one row of nodes or cross-members, in order to achieye the minimur separation
mm apart. In this case, the requirement to mark the reference points at mid-rib shall bd maintained
he gauge length shall then be an integral number of pitches of the grid/Measure the no

minal gauge

for geogrids

11d be tested
someter.

b twists and
An accuracy

1 if tested in

© ISO
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X
1 gauge marks for elongation measurement 260 mm \\Q
2 number pfload bearing elements, ng G\\)

Z

. : NN .
Figure 4 — Typical geogr1$w1th one axis

Key

1 gauge marks for elongation measurement 260mm
2 number of load bearing elements, ng

3 exterior elements cut before loading

Figure 5 — Typical geogrid with two axes

8 © IS0 2015 - All rights reserved
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AVAVAVAVAVAVAY
ANINNININ

ANIY/ANY/AN/ANE/A\

AVAVAVAVAVAVAR

JAVAVAVAVAVAV S

Key

. N\
1 gauge marks for elongation measurement 260mm &\)
2 Widthin mm > 200 mm %

Figure 6 — Example of geogrid with thres@es, specimen size, widths and gauge l¢

5

S
5

Key
1 gauge marks for elongation measurement 260mm
2 number of load bearing elements, ng

ngth MD

Figure 7 — Example of geogrid with three axes, specimen size, width and gauge length CMD

© ISO 2015 - All rights reserved
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Key
1
2

gauge m
number

Figure 8 —

Key
1

gauge m

hirks for elongation measurement >60mm QQ<<
bf load bearing elements, ng

Example of geogrid with four axes, specimen Q'&@width and gauge length, MD and

&

hrk @gation measurement >60mm

s fo
s

% Figure 9 — Typical double twisted, hexagonal steel wire mesh

CMD

If the testis to be used as a reference test for the seam/joint strength test, as described in ISO 10321, the
specimen width shall be the same for both sets of tests.

6.3.7 Testing wet specimen

When the values of both the wet maximum load and the dry maximum load are required, cut each test
specimen at least twice as long as is usually required. Number each test specimen and then cut each
specimen crosswise into two halves, one for determining the dry maximum load, and the other for
determining the wet maximum load. Each portion shall be marked with the specimen number. Thus,
each paired break is performed on a test specimen containing the same threads.

10
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For geosynthetics which shrink excessively when wet, the tensile strength shall be determined from the
maximum load, in wet conditions, and the initial width shall be measured to an accuracy of +1 mm, after
conditioning but before wetting (see Clause 7).

7 Conditioning atmosphere

7.1 General

The test specimens shall be conditioned and tested in the standard atmosphere for testing (20 £2 °C at
65 +5 % RH) as defined in ISO 554.

Specjmens are considered conditioned when the change in mass in successive weighing madg atintervals
of ngt less than 2 h does not exceed 0,25 % of the mass of the test specimen.

Conditioning and/or testing in a standard atmosphere may be omitted when it can.be showr] that results
obtajned for the same specific type of product (both structure and polymer type) arenot affected by changes
in temperature and humidity exceeding the limits. This information shall be included in the test report.

NOTH The test method is also applicable at lower or higher temperatures if values are requfired for such
appligations

7.2 | Conditioning for testing in wet condition

Specjmens to be tested in wet condition shall be immegsed'in water maintained at a tempperature of
(20 #2) °C. The time of immersion shall be at least 24 h and shall be sufficient to wet the teqt specimens
thorgughly, as indicated by no significant change in.miaximum load or strain following a lgnger period
of imlmersion. To obtain thorough wetting, it may be necessary to add up to a maximum of 0,05 % of a
non-jonic neutral wetting agent (5.4) to the watet:

8 Test procedure

8.1 | Setting up the tensile testing machine

Adjupt the distance between-the jaws at the start of the test to 100 +3 mm, except for ggosynthetics
mouhted on capstan grips-and for geogrids. Select the force range of the testing machine such that the
break can be measured to-ah accuracy of 10 N.

For geosynthetics with/a strain emax in excess of 5 %, set the machine at a constant cross-h¢ad speed so
as tolinduce a strain‘rate of 20 +5 % per minute in the gauge length.

For geosynthetics with a strain less than or equal to 5 %, select a speed such that the avefage time to
break of thetest specimens is 30 +5 s.

For wétspecimens, carry out the test within 3 min of removal from the water.

If capstan grips are used, the separation between the centres of the capstans at the beginning of each
test shall be kept to a minimum, or for geogrids to a representative length. The use of capstan grips and
the distance between the centres of the capstans shall be recorded in the test report.

8.2 Insertion of the test specimen in the jaws

Mount the test specimen centrally in the jaws. Ensure that, in both the machine direction and cross
direction tests, the specimen length is parallel to the direction of the force applied. Where appropriate,
do this by having the two lines, which were previously drawn 100 mm apart across the width of the test
specimen (see 6.3.1), positioned as closely as possible adjacent to the inside edges of the jaws.

© IS0 2015 - All rights reserved 11
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Installation of the extensometer

Fix the reference points on the specimen 60 mm apart (30 mm on each side of the symmetry centre of
the specimen), and set the extensometer. For all geogrids see Clause 6. If a contacting extensometer is
used, no damage shall be caused to the specimen. Also ensure that there is no slippage of the reference
points during the test.

8.4 Meas

urement of tensile properties

Start the tensile testing machine and, using a preload of 1 % of the estimated maximum load to define
point for the measurement of strain, and continue running until the specimen ruptures.

the startin

Stop the ma
decimal pla

The decisio
during the t
of other crit
in a value be
shall be disq

It is difficul
If a jaw brej
If, however,
result. In so
because the
break near
method of t4

Special proc
carbon fibre
or if more th
a) thejawj
b) the test
c)
If any of the

the jaw

8.5 Meas

Strain is thg
preload) of 4

Measure th{

chine, record and report the maximum load to the nearest 10 N/m, and strain to the
e; reset to the initial gauge position.

h to discard the results from a specimen shall be based on observation ofcthe” spec
pst, on the inherent variability of the geosynthetic and on the provision of 5:2.4n the aby
eria for rejecting a jaw break, any break occurring within 5 mm of the jaws, which re
low 50 % of the average value of all other breaks, shall be discarded. No other break re
arded, unless the test is proven to be faulty.

[ to determine the precise reason why certain specimens break;near the edge of the
Kk is caused by damage to the test specimen by the jaws, the results should be disca
it is merely due to randomly distributed weaknesses in the test specimen, it is a legiti
e cases, it may also be caused by a concentration of stress in the area adjacent to the
y prevent the test specimen from contracting in widthas the load is applied. In these ca
he edge of the jaws is inevitable and should be accepted as a characteristic of the parti
pSt.

edures are required for the testing of speciméfis made from specific materials (e.g. glass
to minimize any damage that may be caused by the jaws. If a test specimen slips in the
an one quarter of the specimens break ata point within 5 mm of the edge of the jaw, the

may be padded,
specimen may be coated under the jaw-face area, or
face may be modified.

modifications listed-above are used, state the method of modification in the test repor

urement of-strain

increas€ in true gauge length (nominal gauge length plus the increase in gauge leng
| specifmen during the test, expressed as a percentage of the true gauge length.

first

imen
ence
sults
sults

aws.
rded.
mate
jaws
ses, a
cular

fibre,
jaws,
n:

[

th at

bf an
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