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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 proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Geosynthetics — Determination of friction
characteristics —

Part 1:
Direct shear test
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3.1
relative displacement

Scope

5 document specifies an index test method to determine the friction characteristics of geqg
ontact with a standard sand as described in EN 196-1, i.e. with a specifiedydensity an

same testing procedure can be used with any type of soil with th€ density and moist
are required to evaluate the performance under specific conditionis or with another gg
er a normal stress and at a constant rate of displacement, using-a.direct shear apparatus

procedure can also be used for testing geosynthetic barriers:

Normative references

following documents are referred to in the téxt'in such a way that some or all of th
stitutes requirements of this document. Fordated references, only the edition cited 4
ated references, the latest edition of the referenced document (including any amendmen

9862, Geosynthetics — Sampling and preparation of test specimens

Terms, definitions and symbols
the purposes of this document, the following terms and definitions apply.
and IEC maintain terminological databases for use in standardization at the following ad

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

N

synthetics
1 moisture

fent, under a normal stress and at a constant rate of displacement, using@direct shear aIparatus.

re content
osynthetic

Pir content
pplies. For
[s) applies.

dresses:

Note 1 to entry: Relative displacement is expressed in millimetres (mm).

3.2

normal force

N
con

stant vertical force applied to the specimen

Note 1 to entry: Normal force is expressed in kilonewtons (kN).

© ISO 2018 - All rights reserved
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3.3
shear forc
S

e

horizontal force measured during shearing at a constant rate of displacement

Note 1 to entry: Shear force is expressed in kilonewtons (kN).

3.4

normal stress

o

normal force (3.2) divided by the contact area of the specimen

Note 1 to er]try: Normal stress is expressed in kilopascals (kPa).

3.5

shear stre
T

shear force
contact areg

SS

a of the specimen

Note 1 to enftry: Shear stress is expressed in kilopascals (kPa).

3.6
maximum

Tmax
maximum

Note 1 to entry: Maximum shear stress is expressed in kilopascals.{kPa).

3.7
angle of fr

¢
slope of thg

shear stress

value of shear stress (3.5) developed in a shear test

iction

Note 1 to enftry: The angle of friction is expressed'in degrees (°).

Note 2 to er]
geosyntheti

3.8

apparent ¢
calculated
normal str4

rohesion

ss (3.4)

Note 1 to enftry: Apparent cohesion is expressed in kilopascals (kPa).

Note 2 to enftry: This term is used between geosynthetic and sand, or geosynthetics and specific soil.

 "best fit regression straight line", through the plot of maximum shear stress (3.6)

(3.3) along the sand, soil or other geosynthetic /geosynthetic interface, divided by|the

try: In this document, ¢sg is used to refer to the angle of friction between geosynthetic and sang, or
cs and specific soil, and ¢gg (s ysed for the angle of friction between geosynthetic and geosynthetic.

value of the shear stress (3.5) on the "best fit regression straight line" corresponding to Zero

39

maximum shear stress in sand or soil alone

Tmax,s

maximum shear stress (3.6) developed during a shear test on sand or soil alone

Note 1 to entry: Maximum shear stress in sand or soil alone is expressed in kilopascals (kPa).

© ISO 2018 - All rights reserved
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3.10
maximum shear stress sand or soil/support

Tmax,sup
maximum shear stress (3.6) developed during the shearing along the sand or soil/support interface
without geosynthetic

Note 1 to entry: Maximum shear stress sand or soil/support is expressed in kilopascals (kPa).

3.11

friction ratio
fg(0)
ratip of the maximum shear stress, Tmax (3.6) to the maximum shear stress in sand or soikafone, Tmax,s
(3.9) for the same normal stress (3.4) o

3.12
apparent adhesion

a
g8

caldulated value of the shear stress (3.5) on the "best fit regression straight line" corresponding to zero

norinal stress (3.4)

Note¢ 1 to entry: Apparent adhesion is expressed in kilopascals (kPa).

Note 2 to entry: This term is used between geosynthetic and geosynthetic.

4 (Principle

A gposynthetic is submitted to direct shear at its.eontact surface with standard sand, specific soil
or gnother geosynthetic in a shear apparatus or similar apparatus. The angle of friction at the sand/
geopynthetic, soil/geosynthetic or geosynthetic/geosynthetic interface is determined.

WhEn geogrids are tested in contact with seil with a rigid support, the results are dependent on the
fricfion with the support and the results are not necessarily realistic. The accuracy of the tegt should be
ver]fied by calibration tests.

5 [Test specimens

5.1 Sampling

Take specimens in aceordance with ISO 9862.

5.2 Numbeirand dimensions of test specimens

Cutffour specimens from the test sample of geosynthetic for each direction to be tested for every sample.
Thd size. of the specimens shall suit the dimensions of the apparatus.

If the two Taces of the sample are different, both Taces shall be tested; four specimens shall be tested for
each face.

6 Conditioning

Condition the test specimens and conduct the tests in the standard atmosphere for testing defined in
ISO 554, i.e. at a temperature of (20 + 2) °C and a relative humidity of (65 + 2) %, until the change in
mass between successive readings made at intervals of not less than two hours does not exceed 0,25 %
of the mass of the test specimens.

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

© ISO 2018 - All rights reserved 3


https://standardsiso.com/api/?name=e0e5aadb6a4a8d906f1038d0215ed81b

ISO 12957-1:2018(E)

7 Apparatus
7.1 Shearing apparatus

7.1.1 Constant contact area shear apparatus, schematically represented in Figure 1.

The shear apparatus 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
apparatus from the lower part.

has to be fixed.

For the tesfting of geogrids, the minimum dimensions of the shear apparatus shall be §uch that at lgast
two full lopgitudinal ribs and three transverse bars are contained within the length ef both the upgper
and lower boxes throughout the test.

The lower[part of the shear apparatus shall contain the support of the speCimen and any clamping
arrangements to prevent the specimen from slipping during the test.

The lower|part of the shear apparatus shall be sufficiently long toymaintain full contact between
specimen gnd the open area of the upper part over a relative shear displacement of at least 16,5 % of{the
internal length of the top part.

4 © ISO 2018 - All rights reserved
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a) (onstant area direct shear test (typical layout) for sand/generic soil — Geosyntheti¢ interface
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b) Constant area direct shear test (typical layout) for.geosynthetic — Geosynthetic interface

Figure 1 — Constant area direct shear test
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b) Redycing area direct shear apparatus_(typical layout) for geosynthetic — Geosynthetif
interface

standaid shear apparatus (300 mm x 300 mm)
geosynthetic specimen

loading system

standaild sand/generic‘soil

appropfiate gap
geosynthetic #1 specimen
geosynthietic #2 specimen

1
2
3
4
5 rigid specimen support
6
7
8
9

upper rigid specimen support
a  Horizontal reaction.
b Normal load.
¢ Horizontal force.

Figure 2 — Reducing area direct shear apparatus

7.1.2 Reducing contact area shear apparatus, schematically represented in Figure 2.

Alternatively, a standard soil shear apparatus with equally sized (300 mm x 300 mm minimum) upper
and lower halves may be used.

6 © ISO 2018 - All rights reserved
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Specimen support, consisting of a rigid, horizontal support.

The specimen shall be placed on the specimen support in the lower part of the shear apparatus. The
specimen shall be fixed to prevent any relative displacement between the specimen and the specimen
support. The geosynthetic should be clamped at the front part outside the shear area. Inside the friction
area, it should be fixed by gluing or with a standard friction support, e.g. an aluminium oxide abrasive
sheet (P 80 type in accordance with ISO 6344-2).

When using a rigid plate as specimen support for geogrids (or geotextiles) with openings, friction tests
between sand or soil and the specimen support shall be performed and the maximum shear stress

(Tm

«sup) related to every normal stress shall be evaluated. For geogrids with large aperture

s (>15 mm)

and
be U
den

7.3
long

Thd

7.4
ratg

Wh
det
rate
the

7.5
the

The
7.6

7.6
Thd
Thd

The
left

a high percentage of openings (>50 % of the overall surface of the specimen), a sand-sy
sed, i.e. by filling the lower part of the apparatus with standard sand or specific soil.at.th
Sity.

Rigid carriage, consisting of a machine bed on low friction bearings, which-allow move
pitudinal direction.

rigid base of shear apparatus shall be supported on the rigid carriage;

Loading device, capable of applying a horizontal shear forcete the shear apparatus at
of displacement of (1 + 0,2) mm/min.

en the test involves soils with a low permeability (dip{< 0,007 5 mm), the shear ra
ermined to ensure the test will be conducted in drained ¢onditions. This can require the
s much smaller than 1,0 mm/min, i.e. between 0,005'and 1,0 mm/min. When using such
precision shall remain +20 % of the selected value:

whole area of the specimen.

normal load may be measured to an accuracy of +2 %.
Apparatus for the measurement of shear force and displacement

1 General
shear force shall be1ieasured to an accuracy of 2 %.
relative displacement shall be measured to an accuracy of £0,02 mm.

design oftlie apparatus should allow for the dilatation of the sand, i.e. an appropriate ga
betweeh the upper and lower parts of the apparatus.

Thd

expre

pport may
e specified

ment in the

a constant

te shall be
se of shear
shear rate,

Fluid filled soft membrane or rigid plate®€nsuring that the normal load is applied uniformly over

b should be

than 0,2 %,

moisture content, determined as the loss of mass after 2 h drying at 105 °C, shall be less
ed as a percentage by ma of the dried sample. The srading is defined in Tabhle

Table 1 — Grading of EN 196-1 standard sand

Sieve size Cumulative sieve residue
mm %
2,00 0
1,60 7+5
1,00 33+5

© ISO 2018 - All rights reserved
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Table 1 (continued)

Sieve size Cumulative sieve residue
mm %
0,50 67 =5
0,16 87 +5
0,08 99 +1

If loss of fine particles is observed during a test, the grading of the sand shall be checked. The amount of

sand entra

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

A visual ch
sand to avq

The intern
same equij
direct sheg

If the test i
of the soil §

7.6.2 Rig

eck can be adequate to verify whether the grading has changed. Water may be added. to
id particle segregation but the moisture content should not exceed 2 %.

h1 angle of friction of the sand shall be measured in a common direct shear.apparatus.

r apparatus.

hall be measured in a common direct shear apparatus.

id confinement system, to be used when testing sand or soil and with which the upper

of the shedr apparatus should be fitted to prevent sand particles blecking the space between the up

part of the

7.6.3 Na
with a silic

8 Proce

shear apparatus and the geotextile or geogrid support.

fural siliceous sand, consisting preferably of parti¢les isometric and rounded in shape
h content of at least 98 %, to be used when testing'standard sand in contact with the specin

dure

The speci

en shall be flat, free from folds and‘wrinkles.

Fix the spgcimen to the support system. In the reducing contact area apparatus, the top surface of
specimen ghall be flush with the lowefipart of the shear apparatus.

Assemble

e upper section of the apparatus.

Any possille friction force between the two halves of the apparatus has to be avoided by executi}

prelimina

series of tests.Wwithout any material at the interface. In case a friction force is measu

this has to|be deducteddfrom the force measured during the test.

When testing geosynthetic/soil interface, fill the upper part of the shear apparatus with the stand
sand or with a spécific soil.

The thick

s performed on a different type of soil, the grain size curve and the internal angle of frict

the

The

ment as used for the friction test may be used if it satisfies the requirements)of the cominon

—e

on

bart
per

and
nen.

the

g a
red,

ard

§syof the soil layer shall be at least 5 times the maximum particle size diameter of the

soil

tested, or Z5 mm, whichever 15 greater.

The sand shall be compacted to a dry density of 1 750 kg/m3 (x5 %); the specific soil shall be compacted
to the water content and density specified. Fill the upper part of the apparatus with a pre-weighed
mass of sand or soil, such that, when compacted, the material has the required density and occupies the
required volume.

When testing geosynthetic/geosynthetic interface, fix the upper geosynthetic to a rigid support, a
water bag, an airbag or a soil layer, and insert the support into the upper part of the shear apparatus,
with the geosynthetic downward.

Assemble the loading devices and displacement measuring devices (transducers or dial gauges). Apply
the normal force to obtain one of the following pressures: 50 kPa, 100 kPa or 150 kPa when testing

© ISO 2018 - All rights reserved
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standard sand, or the specific pressures required when testing other soil or geosynthetic/geosynthetic
interface.

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

The test is terminated when the relative displacement reaches 50 mm for a shear surface length of
300 mm (or 16,5 % of the shear surface length in other cases).

Disfiantle the apparatus, carefully remove the sand, soil or Upper support wi € geosynthetic fixed,
inspect the specimen and record any stretching, wrinkles or damage.

Carfy out the test twice for the 100 kPa normal stress and repeat, if required, for the differ¢nt sides or
dirgctions of the sample. A new specimen shall be used for each test.

When testing soils other than the standard sand described in Table 1, the-test conditiohs shall be
adapted to ensure that the test results will be meaningful. This may include ¢hange to the dompaction
an{consolidation strategy, control of water content, shear rate, normal(stresses and minimfim relative
displacement.

9 |[Calculations

Calgulate the normal stress, g, for each set of readings as:

whére

o isthe normal stress, in kilopascdls (kPa);
N is the normal force, in kilonewtons (kN);

A s the the contact area;in square metres (m2), corrected for each calculation if using the re-
ducing area apparatus:

Calgulate the shear stress;'t, for each set of readings as:

whére

72+ is the shear stress, in kilopascals (kPa);

S isthe measured shear force, in kilonewtons (kN);
A is the contact area of the specimen, in square metres (m?2).

Plot the test results as graphs (shear stress versus relative displacement). Determine the maximum
shear stress as defined in 3.6.

Plot the maximum shear stress against the normal stress for all four specimens. Draw the best fit
regression straight line through the plotted points. The angle between the best fit regression straight
line and the horizontal axis is ¢sg, the peak angle of friction between geosynthetic and sand or specific
soil, or ¢gg, the peak angle of friction between geosynthetic and geosynthetic; csg (apparent cohesion) is
the intercept of the line for a geosynthetic-sand or geosynthetic-soil test with the vertical axis and agg
(apparent adhesion) is the intercept of the line for a geosynthetic-geosynthetic test.

© ISO 2018 - All rights reserved 9
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Calculate the friction ratio fg(o) for displacements in the range of 0 % to 10 % of the length of the sheer
surface for each of the four tests, as:

T max (0)

Tmax,s(o-)

fy(o)=
where

Tmax(0) is the maximum shear stress under the normal stress o, in a sand/geosynthetics or spe-
cific soil/geosynthetics direct shear test, as defined in 3.6;

Tmax,s(p) is the maximum shear stress under the normal stress o, in a direct shear test on saudpr
specific soil alone, as defined in 3.9.

NOTE Vhen testing soils other than the standard sand described in Table 1, it can be necessary to deterrphine
the propertles at large displacement (residual) as well as the peak shear strength, for each norinal stress.

TA

Csg gg

Qv

Key
T  shear sfress, in kilopascals

csg apparent cohesion, in kilopascals
¢ angle of friction, in degrees (°)

o normallstress, in kilopascals

agg apparent adhesion, in kilopascals

Figure 3 — Example‘of straight line of maximum shear stress vs normal stress

10 Test report

The test report shall include following information:

a) numberamddateof thisdocumment, e 15S6-12957-12618

b) identification of the sample, date of receipt and date of testing;

c) conditioning atmosphere;

d) temperature at which the test was carried out;

e) orientation (machine or cross machine direction, upper or bottom surface) of the specimens;

f) graph of shear stress against relative displacement, showing the maximum shear stress used in
calculation;

g) graph of maximum shear stress against normal stress;

10 © ISO 2018 - All rights reserved
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