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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
establlshed has the rlght to be represented on that comm|ttee Internat|onal organlzatlons governmental and

Standards
ication as an

jgct of patent

bration with
cooperation

hternational

ISO| 12957 consists of the following parts, undef\the general title Geosynthetics — Determinatian of friction
chafacteristics:

— | Part 1: Direct shear test

— | Part 2: Inclined plane test
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Foreword

-1:2005(E)

This document (EN ISO 12957-1:2005) has been prepared by Technical Committee CEN/TC 189 "Geosynthetics",
the secretariat of which is held by IBN, in collaboration with Technical Committee ISO/TC 221 "Geosynthetics".

This European Standard shall be given the status of a national standard, either by publication of an identical text or
by endorsement, at the latest by August 2005, and conflicting national standards shall be withdrawn at the latest by
August 2005.

Accordinf to the CEN/CENELEC Internal Regulations, the national standards organizations of the follow
countrieq are bound to implement this European Standard: Austria, Belgium, Cyprus, Czech Republie, O

Estonia,
Netherla

inland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembg
ds, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland and United Kin

ing
enmark,
urg, Malta,
gdom.
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1 Scope

-1:2005(E)

This document describes an index test method to determine the friction characteristics of geotextiles and
geotextile-related products in contact with a standard sand, i.e. with a specified density and moisture content, under

a norma

| stress and at a constant rate of displacement, using a direct shear apparatus.

The procedure can also be used for testing geosynthetic barriers.

When geogrids are tested with a rigid support, the results are dependent on the friction with the support and the
results are not necessarily realistic. The accuracy of the test should be verified by calibration tests.

2 Ndagrmative references

The folld
only the
amendni
ISO 554

ISO 634
P12to

EN ISO

3 Te
For the

31
relative
displace]

3.2
normal
constan

3.3
shear fd
horizont

3.4

wing referenced documents are indispensable for the application of this document4For dated r
edition cited applies. For undated references, the latest edition of the referenced{@ocument (ing
ents) applies.

Standard atmospheres for conditioning and/or testing — Specifications.

-2, Coated abrasives — Grain size analysis — Part 2: Determination-of grain size distribution off
P 220.

0862, Geotextiles — Sampling and preparation of test specimens (ISO 9862:2005).

rms and definitions

purposes of this document, the following terms.and definitions apply.

displacement (s)
ment of the sand relative to the specimen during shearing, in millimetres

force (N)
vertical force applied to the specimen, in kilonewtons

rce (S)
bl force, measured during shearing at a constant rate of displacement, in kilonewtons

normal

rce divided by the contact area of the specimen, in kilopascals

eferences,
luding any

macrogrits

normaIrFtress (o)

3.5

shear stress (7)
shear force along the sand/geotextile interface, divided by the contact area of the specimen, in kilopascals

3.6

maximum shear stress (7"%)
maximum value of shear stress developed in a shear test, in kilopascals

3.7

angle of friction (¢sg) (between geosynthetic and sand)

slope of

the "best fit straight line", through the plot of maximum shear stress, in degrees
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3.8
apparent c

ohesion (c_ ) (between geosynthetic and sand)

calculated value of the shear stress on the "best fit straight line" corresponding to zero normal stress, in kilopascals

3.9

. . ma
maximum shear stress in sand ( Ts

X

)

maximum shear stress developed during a shear test on sand alone, in kilopascals

3.10

103

maximum S
kilopascals

3.1
friction rat

ratio of the

(shear test

4 Princ

A geosynth
apparatus.

5 Test

5.1 Samy

Take specinens in accordance with EN ISO 9862.

5.2 Number and dimensions of test'specimens

Cut four sp
dimensions

If the two fz

specimens

Trier

hear stress developed during the shearing along the sand/support interface (without geosynthg

o (fy(o))

1
maximum shear stress 7MaX (friction test sand/geosynthetic) to the maximum shear stress 7g
pn sand alone) for the same normal stress o
iple

etic is submitted to direct shear at its contact surface with standard sand in a shear box or simi
The angle of friction at the sand/geosynthetic interface is\determined.

ling

bcimens from the test sample for each direction to be tested. The size of the specimens shall s
of the apparatus.

ces of the sample are different, both faces shall be tested; four specimens shall be tested for ¢

itioning

at a tempe

e-est specimens and conduct the tests in the standard atmosphere for testing, defined in ISO
. . . o : ”

tic), in

ax

lit the

ach face.

554, i.e.

Lcessive

readings made at intervals of not less than two hours does not exceed 0,25 % of the mass of the test specimens.

NOTE Conditioning and/or testing at a specified relative humidity may be omitted if it can be proved that the results are not
affected by this omission.
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7 Apparatus

7.1 Shearing apparatus

7.1.1 Constant contact area shear box (schematically represented in Figure 1)

1:2005(E)

The shear box shall be divided into upper and lower sections. The apparatus shall be sufficiently rigid to resist
distortion under the loads applied. It shall be possible to lift the upper part of the shear box from the lower part.

The upp

both boxIs being not less than 50 % of their length. The box shall be sufficiently deep to accommodate

layer and

For the tqg

the loading system.

sting of geogrids the minimum dimensions of the shear box shall be such that at least two full |

vidth of
he sand

pngitudinal

ribs and three transverse bars are contained within the length of both the upper and lowerdbox throughouit the test.

The lowe
prevent t

The lowe
relative s

7.1.2 Re

Alternatiy
can be ug

7.2 Spe€

The spec
be fixed {
geosynth

by gluing
ISO 6344

When us
between

stress sh

NOTE Fqd
specimen

I part of the shear box shall contain the support of the specimen and any clamping arrangemer
he specimen from slipping during the test.

I part of the shear box shall be sufficiently long to maintain full contact between specimen and
hear displacement of at least 16,5 % of the internal length of theopbox.

ducing contact area shear box (schematically represented in Figure 2)

ely a standard soil shear box with equally sized (300_mm x 300 mm minimum) upper and lowe
ed.

cimen support

imen shall be placed on a rigid, horizontal support in the lower part of the shear box. The speci
p prevent, as far as possible, any relative displacement between the specimen and the support
etic should be clamped at the front'part outside the shear area. Inside the friction area, it shoul
or with a standard friction suppport, e.g. an aluminium oxide abrasive sheet (P 80 type in acco
-2).

ng a rigid plate as suppart for geogrids (or geotextiles) with a high percentage of openings, fric
max

sand and the support-shall be performed and the maximum shear stress (Tsup

) related to ev|

bll be evaluated:

r geogrids\with large apertures (> 15 mm) and a high percentage of openings (> 50 % of the overall surfg
, a sand\Support may be used, i.e. by filling the lower box with standard sand at the specified density.

7.3 Rig

id-carriage

ts to

sand over a

halves

men shall

. The

1 be fixed
rdance with

ion tests
ery normal

ce of the

The shear box shall be supported on the machine bed on low friction bearings, which allow movement in the
longitudinal direction.

7.4 Loading device

The loading device shall be capable of applying a horizontal shear force to the shear box at a constant rate of
displacement of (1 £ 0,2) mm/min.
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7.5 Appli

cation of the normal force

The normal force can be applied using any type of fluid filled soft membrane which ensures that the normal force is
applied uniformly over the whole area of the specimen.

The normal force shall be measured to a precision of = 2 %.

7.6 Measurement of shear force and displacement

The shear

orce shall be measured to a precision of + 2 %.

The relative displacement shall be measured to a precision of = 0,02 mm.

NOTE 1 Th
specimen pl

NOTE 2 Th
the upper pa

e design of the apparatus should allow for the dilatation of the sand, i.e. a gap, equal to the thickness of {
s 0,5 mm, should be left between the upper and lower parts of the apparatus.

e upper box should be fitted with a rigid confinement system to prevent sand particles blocking the space]
rt of the shear box and the geotextile or geogrid support.

The sand i contact with the specimen shall be a natural siliceous sand, consisting.preferably of rounded {

and with a

Silica content of at least 98 %. The moisture content, determined as(the loss of mass after 2 h d

105 °C, shall be less than 0,2 %, expressed as a percentage by mass of thedried sample. The grading is

in Table 1.

Table 1 - Grading of standard sand

Sieve size Cumulative sieve
(in mm) residue (in %)

2,00 0

1,60 7+5

1,00 335

0,50 675

0,16 87+5

0,08 99 + 1

If loss of firn

ne

between

barticles
rying at
defined

eparticles is observed during a test, the grading of the sand shall be checked. The amount of

sand

entrapped shall be determined by re-weighing the specimen and reported.

NOTE 3 A visual check may be adequate to verify whether the grading has changed. Water may be added to the sand to avoid
particle segregation but the moisture content should not exceed 2 %.

The internal angle of friction of the sand shall be measured in a common direct shear box. The same equipment as
used for the friction test may be used if it satisfies the requirements of the common direct shear box.
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8 Procedure
The specimen shall be flat, free from folds and wrinkles.

Fix the specimen to the support system. In the reducing contact area apparatus the top surface of the specimen
shall be flush with the lower part of the shear box.

Assemble the upper section of the box.

Fill the upper part of the shear box with the standard sand to a compacted thickness of 50 mm. The sand shall be
compagted-to-a-ary-density-of+50-kgtm-

Fill the Jupper part of the box with a pre-weighed mass of sand, such that, when compacted, the mater{al has the
required density and occupies the required volume.

Assemple the loading devices and displacement measuring devices (transducers or diakgauges). Apply the normal
force tq obtain one of the following pressures: 50 kPa, 100 kPa or 150 kPa.

Measurements of the shear force shall be taken continuously or at intervals which“correspond to displacements of
0,2 mnj or 12 second time intervals. The actual relative displacement shall be fecorded at the same time, and the
plate (Used to apply the vertical load) lift and rotation should be measured atthe end of the test.

The tegt is terminated when the relative displacement reaches 50 mmfor a shear surface length of 30D mm (or
16,5 %] of the shear surface length in other cases).

Dismantle the apparatus, carefully remove the sand, inspect thé.specimen and record any stretching, wrinkles or
damagg.

Carry dut the test twice for the 100 kPa normal stress ahd repeat, if required, for the different sides or directions of
the samiple. A new specimen shall be used for each.test.

© ISO 2005 — All rights reserved 5
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9 Calculations

Calculate the normal stress (o) for each set of readings as:

o= ="

where

A

o

=2

A

Calculate tl

=

where

N
1l

S

A

Plot the teg
using the d

Plot the m3
through the
friction bet

Calculate tl
each of the

f

normal stress, in kilopascals.

normal force, in kilonewtons.

ne shear stress (7) for each set of readings as:

SIA

shear stress, in kilopascals.
measured shear force, in kilonewtons.
contact area of the specimen, in square metres;

t results as graphs (shear stress versus relative displacement). Determine the maximum shear
efinitions (see 3.6).

ximum shear stress against the normal stress for all four specimens. Draw the best fit straight
plotted points. The angle between the best fit straight line and the horizontal axis is ¢y, the an

ne friction ratio (fy) for displacements in the range of 0 % to 10 % of the length of the sheer surf
four tests, as:

“max(o)

< (0

. max(o)

the contact area, in square metres, corrected for each calculation if using the reducing area apparatus.

stress,

ine
gle of

veen geosynthetic and sand and ¢y (apparent cohesion) is the intercept of this line with the vertical axis.

ace for

where

TmaX( O') is the maximum shear stress under the normal stress o, in a sand/geosynthetic direct shear

test, as defined in 3.6.

Tgnax( 6) is the maximum shear stress under the normal stress ¢, in a direct shear test on sand alone, as
defined in 3.9.
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