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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

This document (EN ISO 12957-2:2005) 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by endorsement, at the latest by August 2005, and conflicting national standards shall be withdrawn at the latest by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.

According to the CEN/CENELEC Internal Regulations, the natronal standards organrzatrons of the foIIowrng
i g dard-Aus : Denmark,

Estonia, |nIand France Germany, Greece Hungary, Iceland Ireland Italy, LatV|a thhuanra Luxembcurg Malta,

Netherlapds, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland and United Kingdom.
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1 Scope

This document describes a method to determine the friction characteristics of geosynthetics (geotextiles and
geotextile-related products, geosynthetic barriers), in contact with soils, at low normal stress, using an inclining
plane apparatus.

This test method is primarily intended as a performance test to be used with site specific soils but may also be used as
an index test with standard sand.

Test data obtained for geogrids tested with a rigid support are not necessarily realistic as the results depend on the
frictior stpport:

2 Normative references

The fdllowing referenced documents are indispensable for the application of this document. For dated references,
only the edition cited applies. For undated references, the latest edition of the referenced’document ([ncluding any
amendiments) applies.

ISO 5%4, Standard atmospheres for conditioning and/or testing — Specifications:

ISO 6344-2, Coated abrasives — Grain size analysis — Part 2: Determinatien-of grain size distribution pf macrogrits
P12tp P 220.

ISO 9862, Geotextiles — Sampling and preparation of test specimens.

3 Terms and definitions
For the purposes of this document, the following term§;,and definitions apply.

31

normal stress (o)
norma] force (N) divided by the area of the'specimen, in kilopascals

Ono inglicates the normal stress with thetable in horizontal position; o, .. indicates the calculated normal stress at
slippage failure with angle of slipping/().

3.2
angle|of friction (¢,)
angle pf friction between-geosynthetic and soil, in degrees, defined as the average of the values recorded in the
test

3.3

angle|of slipping (5)
angle,|in-degrees, at which the box’s displacement attains 50 mm

4 Principle

The angle of friction for the soil/geosynthetic system is determined by measuring the angle at which a soil filled box
(with possible additional weights) slides when the base supporting the geosynthetic is inclined at a constant speed.

NOTE Variations to the test described in this document can be used to measure friction properties of geosynthetics in non-
standard conditions, e.g.:

a) a second layer of geosynthetic can be fitted in the upper part of the shear box to measure geosynthetic on geomembrane friction;

b) normal pressures different from the standard values can be applied to simulate actual site conditions.

© ISO 2005 — All rights reserved 1
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5 Test specimens

5.1 Sampling

Take specimens in accordance with ISO 9862.

5.2 Number and dimensions of test specimens

Cut three specimens from the test sample, for each direction to be tested. The size of the specimens shall suit the
dimensions of the apparatus.

If the two 1Jaces of the sample are different, both faces shall be tested. Three specimens shall be testedfgr each
face.

6 Congditioning

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

NOTE Cdnditioning and/or testing at a specified relative humidity may be ommitted if(it can be shown that the resuljs are not
affected by fthis omission.

7 Apparatus

7.1 General

Two types|of apparatus are possible, one with the uppertiox supported by rollers, the other without suppart of the
box. A diagrammatic representation of suitable equipment is shown in Figures 1, 2, 3 and 4. Figures 1 angl 2
illustrate ap apparatus with a rigid support for the geosynthetic. Figure 3 illustrates an apparatus in which fthe
geosynthetic is supported by a lower box filled with soil. Figure 4 gives the minimum dimensions of the ugper
sliding boX{ to be used with both methods.

7.2 Rigid base apparatus (see Figures 1 and 2)

7.2.1 Rigjd base

The inclingd plane apparatus eonsists of a rigid smooth plate hinged at one end. The apparatus shall be fitted with a
mechanism which allows’the plane to be raised smoothly at a rate of (3 £ 0,5) degrees per minute. The inclingd plane
apparatus ghall be harizontal in all directions at the start of each test. Spirit levels shall be fitted to allow checking of the
inclination pefore each/test.

The mechanism Used to raise the inclined plane shall be fitted with a trip-switch which will automatically stop the raising
of the tablg when the displacement of the upper soil filled box exceeds 50 mm.

The inclined plane apparatus shall be fitted with an angle measurement system which allows to measure the inclination
angle of the table to the horizontal with a precision of + 0,5 degrees.

The geosynthetic shall be fixed to the inclined plane apparatus to limit any relative displacement between the
geosynthetic and the plane.

NOTE This may be obtained by one of the following techniques:
- stitching or gluing;
- use of a rough high friction support;
- anchoring the geosynthetic outside the contact area.

For geogrids and geotextiles with open structures the support used shall be either soil or an emery cloth abradant
P 100 according to ISO 6344-2 (in case of testing with a rigid support).
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7.2.2 Upper soil box (see Figure 4)

The upper soil box shall be of rigid construction with the following minimum internal dimensions:

When

- length: 300 mm;
- width: 300 mm;
- depth: soil depth Hs> 7 x D',ax > 50 mm, where
Hs: depth of soil in the box, in millimetres;
D' ax : maximum particle size of soil being used in the test, in millimetres.

esting geoqrids, the minimum size of the apparatus shall be such that not less than two full ribs a

-2:2005(E)
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per box may be fitted with rollers which bear on runners set outside of the:geosynthetic specimen.

de of the upper box shall be lined with smooth steel or a low friction strface to reduce friction betw
sides of the box.
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pil filled base apparatus (Figure 3)
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ver box shall be a rigid box with the following minimum internal dimensions:

- length: 4004mm;
- width: 325’ mm;
- depthHS > 7 X Doy > 50 mm, where
Hs: depth of soil in the box, in millimetres;
Dyax: maximum particle size of soil being used in the test, in millimetres.
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The inclined plane apparatus shall be fitted with an angle measurement system which allows to measure the inclination
angle of the lower soil box to the horizontal with a precision of + 0,5 degrees.
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7.3.2 Upper soil box (see Figure 4)

The upper box shall be a rigid box with the following minimum internal dimensions:

length: 300 mm;
width: 300 mm;
depth: Hs> 7 X Dyax> 50 mm, where
H,: depth of soil in the box, in millimetres;
D,ax: maximum particle size of soil being used in the test, in millimetres.
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The normal force applied shall be such that the normal stress is (5 + 0,1) kPa.

The normal

stress shall be measured to a precision of + 2 %.
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7.5 Soil

Soil from the site shall be used to fill the apparatus or, alternatively, shall be selected by the parties involved. The
preparation and compaction of the soil shall be agreed before the start of the tests.

In the case where the test is carried out with a standard sand, the sand shall be a natural siliceous sand, consisting
preferably of rounded particles and with a silica content of at least 98 %. The moisture content, determined as the
loss of mass after 2 h drying at 105 °C, shall be less than 0,2 %, expressed as a percentage by mass of the dried
sample (see also Table 1).

Table 1 - Grading of standard sand

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

2,00 0

1,60 75

1,00 335

0,50 67+5

0,16 87+5

0,08 99 +1

If a visupl check indicates the probability of fine particles lost during.the test, the grading shall be checKed before
reusing the sand. The amount of sand entrapped shall be determined by reweighing the specimen and|reported.

7.6 Cdlibration of the apparatus

When uging the apparatus with the upper box supported on rollers, the apparatus shall be calibrated prior fo carrying
out a sej of tests on a sample. To ensure that roller friction is not significant, the empty upper box shall staft to move
when the table is raised to an angle not exceeding 5 degrees.

The forde to restrain the empty upper box shall be measured in the range of 10 degrees to 45 degrees with 5 degree
increments of the inclined plane. The recorded values shall be used to determine the value of £, for the individual
calculatipns of the angle of friction ()

8 Prpcedure

The spgcimen shall beflat, free from folds and wrinkles.

Assemble the apparatus. Fix the specimen to the rigid inclined plane or fill the lower box with soil compacted in
accordance with:thé agreed procedure. Fix or lay one of the specimens on the base or on the soil in the lower box.

Assemble the upper soil box and align the box in the starting position.

Fill the upper box with the required soll to a compacted thickness of not less than 50 mm. If standard sand is being
used, the sand shall be compacted to a density of 1 750 kg/m?3.

Assemble the loading devices, the displacement measuring devices (transducers or dial gauges) and the automatic
trip device. Apply the normal force selected to give the required normal stress of 5 kPa.

Incline the plane at the specified rate and record the angle at which the automatic trip device stops the test.
Figure 5 shows a typical graph.

Dismantle the apparatus, remove the specimen and record any signs of damage.

Repeat the test using the other specimens at the same normal stress. Use a new specimen for each test. New
specimens shall also be used for testing the other side or another direction of the material.

© ISO 2005 — All rights reserved 5
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9 Calculations

9.1 Apparatus with a roller supported upper box

Calculate the normal stress (o) as:

S 981 W cos
e 1000 A
where
Onp = normal stress at inclination £, in kPa;
w = mass of the soil, additional weights and any part of the upperbox not supported on

rollers, in kilograms;

A = area, in square metres;

B

Calculate the shear stress (1) as:

slipping angle of the upper box, in degrees.

(9.81(W sin B+ )

1000 A
where
T = shear stress, in kPa;
w = mass of soil, additional weights and any part of the upper box not supported on rollers, in
kilograms;
B = slipping angle of-the upper box, in degrees;
fie) = the force required to restrain the empty upper box when the table is inclined at an gngle 5;

>
I

contact area, in square metres.

Calculate the angle offtiction (¢,,) as:

tan @ !
an =—
gpr o .
THM
where
T = shear stress, in kPa;
On = normal stress at inclination g, in kPa;
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9.2 Apparatus with an upper box not supported on rollers
The slipping angle () is equal to the angle of friction ().

Calculate the normal stress (o) as:

S 9,81 W cos
e 1000 A
wher,
Onp = normal stress at inclination g, in kPa;
w = mass of soil, of additional weights and of the upper box, in kilograms;
B = slipping angle, in degrees;

contact area, in square metres.

10 [Test Report

The fest report shall include following information:

a) npmber and date of this document;

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

c)

(@}

bnditioning atmosphere;

d) tgmperature at which the test was carriedlout;
e) ofientation (machine or cross machine direction, top or bottom side), of the specimens during thg test;
f) type of soil used, the method-of'soil preparation, the density in use and the moisture content;
g) irfitial normal stress (o, ¢)'@and the normal stress at slippage (on);

h) mean angle of frictioh for the soil geosynthetic interface (¢y);

i) method of testing used (rigid lower table or sail filled lower box)

)

k) opservations of any damage or unusual behaviour;

[V

displacement versus inclination graph;

I) any deviation from this procedure.

© ISO 2005 — All rights reserved 7


https://standardsiso.com/api/?name=8ed182438422c300d64a5775a0e8ab1f

ISO 12957-2:2005(E)

Key

Key

= O oo NO O~ WN =

© O ~NO O~ WN =

~ = L
. .. =

10 9
y

Pivot

Rigid base

Specimen

Soil box supported on rollers

Wedges inside box to ensure correct alignment or normal force (wedges 1 on 2)
Loading frame for normal load

Displacement gauge and trip switch

Lifting device

Inclination measurement device

Load

Figure 1 - Inclined plane test

300 mm (min)

Load

Loading frame for normal load
Normal load distribution pack
Soil

Load

Rigid lower tilting base
Specimen

Adjustable or fixed rollers
Runners

Figure 2 - Cross-section of a typical test apparatus
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