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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-g

avernmental in liaison with 1SO_also take part in the waork 1SQO collaborates clo

ly with the

Interr

Interr

The main task of technical committees is to prepare International Standards. Draft Internation

adop
Intern

Attention is drawn to the possibility that some of the elements of this document may be the sub

rights

ISO

10773 was prepared by Technical Committee ISO/TC 221, Geosynthetics.

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, F

ed by the technical committees are circulated to the member bodies fervoting. Publi
ational Standard requires approval by at least 75 % of the member bodies-casting a vote.

. ISO shall not be held responsible for identifying any or all such patent rights.
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INTERNATIONAL STANDARD ISO 10773:2011(E)

Clay geosynthetic barriers — Determination of permeability to

gases

1 $Peope
This [nternational Standard specifies a method for measuring gas flow through a clay geosyntheti

As clpy geosynthetic barriers are used to contain gases in long-term applications, this, test espe
on the steady state of the phenomenon.

The test is conducted with nitrogen, e.g. N, (7= 1,75 x 10~ Pa's, p= 1,15 kg/m?3 at 20 °C).

The fest method and described apparatus allow the measurement of gas'flows in the range
5 I/m{n on specimens with moisture contents in the range of 90 % to 130'%.

2 ormative references
The following referenced documents are indispensablé“for the application of this documen

refergnces, only the edition cited applies. For undated references, the latest edition of th
docupent (including any amendments) applies.

ISO %54, Standard atmospheres for conditioning.and/or testing — Specifications

3 Principle

Clay geosynthetic barrier specimens are hydrated in a controlled manner before testing. From th
flow o moisture content undera’normal load of 20 kPa and a differential pressure equal to 15 kH
index, GFl;4q/15, is determined, which is the gas flow at 110 % moisture content.

4 Apparatus

4.1 | General

C barrier.

ially focuses

D,1 ml/min to

t. For dated
b referenced

e plot of gas
a, a gas flow

The apparatus includes:

— adevice allowing to load the specimen at a constant normal stress of 20 kPa (see 4.2);

— atestcell (see 4.3);

— a device to apply inlet pressure in the upstream chamber (in contact with the upper face of the sample)

(see 4.4);

— adevice for measuring gas flow (see 4.5).

4.2 Loading device

The loading device shall allow the application of the normal stress of 20 kPa with a tolerance of 5 % either by

direct loading or with a controlled air supply.

© 1S0O 2011 — All rights reserved
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4.3 Test cell

The test cell presented in Figure 1 shall allow:

the testing of a specimen representative of the bulk clay geosynthetic barrier, where the diameter D, of

the flow cross-section is greater than or equal to 150 mm which makes it possible to study needle-
punched and stitch geosynthetic clay barriers;

the measurement of thickness reduction under a 20 kPa normal stress until stabilization;

after stabilization of the thickness, the measurements of the evolution of the gas flow at the outlet with

time.
The test cel| shall have two chambers, one on each side of the specimen to accommodate-the support
material (lower chamber) and containment material (upper chamber). This material shall censist of |glass
beads, 1 mn] to 2 mm diameter, likely to adapt to the variations of the specimen thickness,, The’edges ¢f the
clay geosynthetic barrier specimen shall be confined by a cylinder (part 9 in Figure 1), fixed\to the base. The
side sealing |n the edge of the cell shall be achieved by adding a bentonite paste on top '0f the specimer|. The
absence of g leak can be checked by a soapy liquid on the circumference.
1
o
2
3
1 4\ SR NTRNNNNNNNNRNNTNNNN NN NNNNNNNNNSNNTT
\ s
/ . 11
13 12
Key
1 gastank 9 cylinder for specimen edge containment
2 inlet presquréregulator 10 containment material
3 inlet pressure gauge 11 valve for purge
4  valve for inlet gas 12 base
5 gas tank 13 valve for outlet gas
6 normal stress 14 gas flow meter
7 piston 15 specimen
8 screws to fix cylinder to base 16 o-ring
NOTE In cases where there is a high degree of certainty that no leaks will occur, the use of the cylinder can be

avoided. In such circumstances a simpler test cell may be used. An example of such a cell is provided in Annex A.

Figure 1 — Scheme of gas flow apparatus
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Device for applying inlet gas pressure

The application of a constant inlet gas pressure in the upstream chamber shall be ensured by a bottle of
nitrogen equipped with a pressure reducer and a pressure meter connected to the piston. The inlet gas
pressure shall be measured with a tolerance of 5 %.

4.5

Device for measuring gas flow

When a constant pressure difference (Ap = 15 kPa) is imposed between both sides of the specimen, a gas
flow through the specimen is generated, which shall be measured by a gas flow meter connected to the base.
It shall allow the measurement of a gas flow ranging between 0,1 ml/min and 5 I/min.

5 $amples

The

ISO %54 for a minimum period of 24 hours unless it can be shown that omitting this’ step has no
the tgst result.

The test shall then be performed in the same conditions.

6

6.1

6.1.1

closeto 110 %, e.g. 100 %, 110 % and 120 %. Ensure that the values of bentonite water content
90 %|and 130 % and are spaced at least 20 % between the lowest and the greatest value.

Complete the following steps:

samples shall be clean and free from any visible defects. Samples shall be”‘conditioned

Testing procedure

Preparation and characterisation of samples

Cut three samples of geosynthetic clay barrierrand bring them to three distinct values of

¢ut a sample sufficient to accommodate (D, + 0,05) m, where D, is the specimen diameter.

determine the mass¢per’unit area, its thickness under load of the sample and the water ¢
bentonite.

immerse the.sample for a controlled duration in deionized water.

Wwater content.

¢hoose a representative section from the roll, undisturbed by transport, storage, and handling.

according to
influence on

vater content
are between

pntent of the

NOTE Absorption curves might be prepared to determine the immersion time necessary to reagh the desired

— remove-the-excess—water-on-both-faces—using-an—absorbingpaperwhenremoving-the-etay-'geosynthetic
barrier sample from the water, and then insert the sample in a plastic bag and seal it.

— load the sample under 20 kPa for one week.

6.1.2 Complete the following prior to the gas flow test:

— remove the sample from the plastic bag and cut out the specimen to the diameter D,.

— determine the specimen weight.

Quickly perform the above operations in order to prevent free swell of the specimens.

© 1SO 2011 — All rights reserved 3
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6.2 Speci

6.2.1

2011(E)

men set-up

Fill the lower chamber of the base with glass beads (1 mm to 2 mm diameter). Protect the hole for

outlet gas flow with a geotextile if required. Adjust the quantity of beads so that they fill the cavity present
under the specimen.

6.2.2 Putt

NOTE

he specimen in the base.

geosynthetic barrier is selected for testing.

If the test is conducted on a stitched clay geosynthetic barrier, make sure that a representative portion of clay

6.2.3 Add

6.2.4 Asse
bentonite pa

6.2.5 Fill t
10 mm. Smo|

6.2.6 Instd
beads.

6.2.7 Appl
6.3 Flow
6.3.1 Mea
downstream

constant dur
6.3.2 Sett

6.3.3 Incre
pressure (Ap

6.3.4 Folld
is a function

6.4 Analysis of the specimen

bentonite paste on the edges of the specimen.

mble the base with the cylinder, sealing the joint between the base and the cylinder
te.

pth off the beads.

y a 20 kPa load.

measurement
sure the volumetric gas flow for a constant pressure difference across the specimen wit

ng the test.
he difference between upstream and-downstream pressures to 15 kPa.

ase the normal stress by 15 kRa in order to avoid the piston rising when one applies a diffen
of 15 kPa.

w the outlet volumetric gas flow versus time until its stabilisation. The time to obtain steady
bf the bentonite water-content.

diately.-at the end of the test, disassemble the cell and retrieve the specimen. Clean off all b

with

he cylinder with glass beads (1 mm to 2 mm diameter) to a thickness greater ‘than or equial to

Il the piston and the displacement gauge to measure the vertical deformation of specimen and

h the

pressure being atmospheric pressure, and pressure applied in the upstream chamber remaining

ential

flow

bads.

h the specimen

6.4.1 Immdg
6.4.2 Weig
6.4.3 Dryt
6.4.4

4

he specimen and measure its dry mass.

Calculate the final water content of the specimen.

© 1S0O 2011 — All rights reserved
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7 Calculation of the index flow GFl{1¢/15

The steady-state gas flow is measured for the three specimens at three distinct final water contents close to
110 %, e.g. 100 %, 110 % and 120 %, and the gas flux, gy, is calculated according to Equation (1):

qy = (1)

L\

where

is the outlet volumetric gas flow at the atmospheric pressure:;

4 s the flow section of the specimen of diameter D,,.

Plot the log of the gas flux, ¢, against the water content of the bentonite, w;, as shown in Figure |2, and select
the bpst-fit curve.

NOTE The gas flux at 110 % final water content is the gas flow index GFl, 44,15, Where 110 % is the wgter content for
the inflex flux and 15 kPa is the differential gas pressure.

qy 4

90 ~95 100 105 110 115 120 125 130 w,

Key
w; water content of bentonite, percentage

gy gps flux, metreg per second

Figure 2 — Evolution of gas flow, g, versus bentonite water content, w;

8 Testreport

The test report shall include the following information:

a) reference to this International Standard, e.g. ISO 10773:2011;
b) identification of the clay geosynthetic barrier, including type;
c) name of the product;

d) references of the sample;

© 1S0O 2011 — All rights reserved 5
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e) date of reception of the sample;

f) total mass per unit area at reception, total mass per unit area of dry clay geosynthetic barriers and total

mass pe

r unit area of dry bentonite, m,;

g) initial water content of bentonite;

h) description of pre-hydration phase (any deviation from the pre-hydration phase shall be reported);

i) quality of water, if other than deionized water;

) typeofg
k) testope
For each spe

— duration

— final water content of bentonite at the end of pre-hydration phase;

— specime

— final water content of bentonite at the end of the test;

— summar

as, It other than N5, and Its dynamic VISCOsIty;

ation and potential differences from this International Standard.

cimen tested:

of sample immersion in water tank or indication of the volume of water added,

n weight before and after gas test;

y of the test procedure.

© 1S0O 2011 — All rights reserved
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Annex A
(informative)

Test cell for clay geosynthetic barrier specimens with plane and parallel
surfaces

The test cell presented in Figure A.1 is adapted to perform tests on clay geosynthetic barrier specimens with

plang-and-paraliel-surfaces—he-cell-comprises-two-main-parts—the-base-and-the—pisten—each-ene having an
open|ng to be used for inlet and outlet gas via porous materials. The lateral sealing is cartigd out by the
appli¢ation of a light paste of bentonite on the circumference of the specimen (Figure A.2).

1

RN

11 10
Key
1 gps tank 8 valve for purge
2 irllet pressure regulator 9 containment material
3 inlet pressure gauge 10 base
4 valve for inlet gas 11 valve for outlet gas
5 d|splacement.gauge 12 gas flow meter
6 nprmal stress 13 specimen
7 plston 14 o-ring

Figure A.1 — Scheme of gas flow apparatus

© 1S0O 2011 — All rights reserved 7
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