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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.
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Introduction

In many civil engineering applications, geotextiles and geotextile-related products can come into
contact with water or aqueous solutions present in the soil environment. At the same time, in specific
parts of the construction, they can be exposed to oxygen, giving rise to oxidative degradation processes.
These processes are usually very slow.

Polyolefin materials, such as polypropylene (PP) and polyethylene (PE), are inherently more sensitive
to oxidation than those based on polyethylene terephthalate (PET). Other polymers, such as poly(vinyl
alcohol) (PVAL according to ISO 1043-1), are also sensitive to oxidation in specific conditions (aqueous

Hf itz g-agert—Thisbehavotrcanbetmprovedveryetectivelyby-thewse-efappropriate

flizing additives.

It is the purpose of this document to provide a method for screening the resistance to pxidation of
geot¢xtiles and geotextile-related products in service for 25, 50 and 100 yearsiIn ordef to achieve
the dufficiently short exposure times needed for screening tests, the oxidatiye degradation process
is acpelerated. This acceleration can be achieved either by raising the temperature or by increasing
the qoncentration of the active reaction partner. Raising the temperattre can lead to the oxidation
rate [being limited by oxygen diffusion, thus invalidating the acceleration. This applies [particularly
to mpaterials with a low surface-to-volume ratio and less to nonwovens made from fine| fibres. Two
metHods are therefore proposed.

MetHod A (which was Method B in the previous edition) uses temperature alone as the pccelerating
factdr and is used for PE, PP, PA and AR.

Method B operates at moderately high temperatures.atd, at the same time, the oxygen congentration is
incrgased by using pure oxygen at high pressure. Method B is used for PVAL.

© ISO 2018 - All rights reserved v
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INTERNATIONAL STANDARD ISO 13438:2018(E)

Geosynthetics — Screening test method for determining
the resistance of geotextiles and geotextile-related
products to oxidation

1 Scope

This|document specifies a screening test method for determining the resistance of geo|textiles and
geot¢xtile-related products to oxidation. The test is applicable to products as follows:

— Method A for material consisting solely in polypropylene (PP), polyethylene (PE), polyamide (PA),
ramide (AR);

— Method B for material consisting solely in polyvinyl alcohol (PVAL).

The lata are suitable for screening purposes but not for deriving perfermance data sucH as lifetime,
unless supported by further evidence.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendmepts) applies.

ISO 3696, Water for analytical laboratory use —'Specification and test methods
EN 12226, Geotextiles and geotextile-related products — General tests for evaluatiqn following
durability testing

3 Terms and definitions

No tgrms and definitions arelisted in this document.

ISO gnd [EC maintain tefminological databases for use in standardization at the following gddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

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

4 I|Vlethod A

4.1 Principle

Test specimens are stored in water (Grade 3 or better according to ISO 3696) at 80 °C for 28 days before
being exposed to an elevated temperature in air over a fixed time period, using a regulated laboratory
oven as described in 4.3. Oven ageing shall be carried out at a temperature of (100 * 1) °C.

NOTE In the previous edition, the only difference between Methods A and B was the temperature (100 °C and
110 °C). With this revision, this difference was deleted.

The test specimens shall hang freely in the oven space.

After the fixed time period of oven ageing, the exposed test specimens are submitted to a tensile test.
The tensile strength and the strain at maximum load are measured for both the control specimens and

© ISO 2018 - All rights reserved 1
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the exposed specimens. The tensile test shall be carried out in accordance with EN 12226. Both the
machine and cross direction shall be tested, unless otherwise agreed (e.g. if the machine and cross
machine direction use the same size, raw material, stabilizers). For nonwovens, only one direction has
to be tested. There shall be at least five test specimens and five control specimens in each relevant
direction, unless further specimens are required to assure statistical significance. More information on
specimens is given in 4.2.

4.2 Specimens

Products shall be manufactured at least 24 h prior to testing.

Only specinjens from the same raw material/recipe shall be stored in water for 28 days and later pn in
an oven at ope time.

The specimgns to be tested shall be in accordance with EN 12226.

[t is recommended to expose additional specimens in case an extra mechanical test is,rréquired.

4.3 Appapratus for oven testing

For the testp, a thermostatically regulated oven with an internal volume of‘sufficient size, capalle of
exposing tegt specimens to a temperature of (100 * 1) °C, shall be used,

The oven shall be provided with a ventilation opening which shall be adjusted such that thp set
temperatur¢ can be maintained in that part of the oven in whichythe specimens are to be suspended
and the flow of air through the oven is not less than three and pot more than ten air changes per hour.
A higher air|flow than ten per hour is a positive deviation of the test method and is accepted. This|shall
be noted in the test report.

The specimens shall be suspended from glass origther chemically inert fixtures in the centre df the
oven, spaced and not touching, the distance from/each wall being at least 100 mm.

The tempernature around the specimens shall be recorded, for instance, with the aid of suiftable
calibrated thermocouples and a data logger.

4.4 Testprocedure

4.4.1 Leafhing

4.4.1.1 G¢neral

The control|specimen$ shall be exposed for 6 h in water (Grade 3 or better according to ISO 3696) at
(80 £1) °C and then 6 h in an oven at (100 £ 1) °C. After exposure, they should be stored in a dark foom
atroom terqperature.

The test specimens shall be stored in water (Grade 3 or better according ISO 3696) at (80 * 1) °C for

28 days.

4.4.1.2 Water temperature

Set the water temperature to (80 * 1) °C.

4.4.1.3 Specimens subjected to leaching

Attach the specimens to the fixtures. Once the temperature has reached a steady value, place the
specimens in the water. Suspend the specimens in the centre of the water bath, spaced, not touching
each other and not touching the vessel wall.

© ISO 2018 - All rights reserved
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4.4.1.4 Test conditions

Test specimens shall be exposed for 28 days at (80 = 1) °C. The water has to be changed at least every
7 days and moved at least once per day.

4.4.2 Exposure in air

4.4.2.1 General

Test specimens shall be exposed in a temperature of (100 + 1) °C in an oven.

4.4.1.2 Oven temperature

Sett

he oven temperature at (100 + 1) °C.

4.4.2.3 Specimens subjected to heat ageing

uching each

Atta¢h the specimens to the fixtures. Once the temperature has reached a steady value, place the
specjmens in the oven. Suspend the specimens in the centre of the0ven, spaced, not to|
othel, and so that the distance from each wall is at least 100 mm.

4.4.2.4 Duration of the oven test

Test

This
temg

specimens shall be exposed for the duration shown in Table 1.

table shows the test duration for a service Jlifé’in natural soil with 4 < pH < §
erature <25 °C.

Table 1 — Temperatures and durations

and a soil

Method

Material Application | Service life First:

of material
Temperature

and duration
in water

in the o)

Second:
Temperature and duration

en

Polypropylene (PP);| non-reinforcing| 25years |80 °C for 28 days 100 °C for 2

8 days

Polyethylene (PE),.'and reinforcing 100 °C for ¢

50 years |80 °C for 28 days

6 days

Polyamide (PA).and
aramid (AR)

100 years |80 °C for 28 days 100 °C for 1

12 days

Prac
good

a)
b)
‘)
d)

fical experienee” has shown that the following considerations are important in orde
reproducibility:

tthe specimens should be placed in the middle of the oven;

r to achieve

dranght near the oven should be avoided if a reproducible fresh air change is to be mail

htained;

the oven and the fixtures should be cleaned of any remaining residues before each new test;

thermo-oxidative degradation of polymer material (e.g. polypropylene) can release

substances

which have a catalytic effect; therefore, polymers containing different stabilizers should not be

tested at the same time in the same oven, with the exception of geotextile composites.
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d B for PVAL

5.1 Principle for first evaluation of service lives

Test specimens are exposed for a specified time to an aqueous test liquid enriched with oxygen due to
an elevated oxygen pressure above the liquid and a specified elevated temperature. Method B specifies

a duration o

f 28 days.

The properties of the specimens are tested after this exposure in accordance with EN 12226. The tensile
strength and the strain at maximum load are measured for both the control and the test specimens.

5.2 Appa|ratus and reagents

5.2.1 App

5.2.11 A
the specime

liquid volunpe. The material of the vessel and equipment shall be resistant to €he“test liquid unde

conditions U

5.2.1.2 Aj
of #1 % ope

5.2.1.3 A{

5.2.1.4 Specimen holders, to ensure correct placing of:sspecimens (see 5.3.2).

5.2.1.5 St
exchange of

5.2.1.6

5.2.1.7 Dy
5.2.1.8 Hgd
5.2.1.9

pressure ing

5.2.1.10 Pr

Valves, for filling the vessel with 6xygen and for emptying the vessel.

Monitoring device, for regular monitoring (at least every 15 min) of the temperature

aratus

pressured vessel (autoclave), large enough for the test liquid (see 5.3.1) that shall
ns completely during the test. The free space above the liquid should-be at least 20 %

sed, e.g. high-grade stainless steels.

rating pressure.

[emperature sensor, to measure the temperature, with an accuracy of +0,5 °C.

rring device, to maintain the homogeneity of solvent, solutes and temperature, and to
matter between specimens and solvent.

ain-off valve, to drain the;Solvent from the vessel after testing.

ating device, to maintain the test liquid at a constant temperature.

ide the vessel.

essure release safety equipment, as appropriate.

tover
f the
r the

bressure transducer, to measure the oxygen pressure aboye the test liquid, with an accyiracy

[ low

and

5.2.2 Rea

gents

5.2.2.1 The test specimen shall be immersed in diluted sulphuric acid with a pH of 3,0.

5.2.2.2 Oxygen, at a purity of at least 99,5 % by volume.

5.2.2.3 Water, Grade 3 or higher quality in accordance with ISO 3696.

5.2.3

Specimens

Products shall be manufactured at least 72 h prior to testing. The specimens to be tested shall be in
accordance with EN 12226. Both the machine and cross direction shall be tested, unless otherwise

© ISO 2018 - All rights reserved
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agreed (e.g. if the machine and cross machine direction use the same size, raw material, stabilizers).
For nonwovens, only one direction is required to be tested. The number of control specimens and test
specimens shall be a minimum of 5 in each direction tested.

Only specimens of the same chemical composition shall be stored in an autoclave at one time.

Itis

5.3

5.3.1

The

abov
completely during the whole test.

5.3.2

The {
poss
to th
streq]
the 9
betw

Fill t
stirr

Slow

0Xyg
surfa

5 mi

NOT]H
other

5.3.3

For s

recommended to expose test specimens if additional tests can be required.
Test procedure

Quantity of test liquid and of gas phase

mass of the test liquid shall be greater than 20 times the mass of the specimens"Th
e the liquid shall be at least 20 % of the volume of the liquid. The liquid shall cover a

Positioning and installing the specimens

pecimens shall be held in place by a specimen holder made from amsinert material. Be
ble occurrence of shrinkage during the test, the control speciméns shall be exposed f
e same conditions as in the test. If this is not sufficient, a fixing of the specimen V

pecimens and the walls of the vessel, between the speciniens and the surface of the
een one specimen and another, is at least 1 cm.

he autoclave with the correct volume of liquid and@pply the pressure for a minimum (
ng the liquid and maintaining the temperature.’Adjustment of the pressure is not necq

ly release the pressure and open the autoclave’ Adjust the intensity of stirring the liquid
en bubbles are introduced into the liquidand that the distance between the specimens a
ce is maintained. Close the autoclave and increase the oxygen pressure steadily over ap

This process restores the test temperature, ensures enrichment of the liquid with oxygen
gases dissolved in the liquid expresent in the free space in the vessel.

Test conditions
ervice lives up te-25years, the test conditions are as follows:
oxygen presstre: 3 000 kPa;

|

d

[§

NOTE 1 «SThe pressure observed at the initiation of the test is variable due to atmosphere
nd associated ramp to equilibrium. This time is generally observed to be 24 h to 48 h. It is thus|
quilibrium pressure control is not achieved until this time.

1. The total time for depressurizing,{oading and pressurizing should not exceed 30 min|

e free space
1 specimens

cause of the
r(24+2)h,
vithout pre-

gth is possible. Position the specimen holder in the vessel*such that the mean distance between

e liquid, and

f 16 h while
ssary.

such that no
nd the liquid
proximately

and removes

consumption
possible that

4na-1

fterachievemerntof equilibrium, the oxygem pressure stratt ot vary more tiram =160k
test temperature: (70 £ 1) °C;

test duration: 28 days.

For service lives of 50 years and 100 years, the test conditions are as follows:

oxygen pressure: minimum 200 kPa;

NOTE 2  The pressure observed at the initiation of the test is variable due to atmosphere
and associated ramp to equilibrium. This time is generally observed to be 24 h to 48 h. It is thus
equilibrium pressure control is not achieved until this time.

Pa;

consumption
possible that

— after achievement of equilibrium, the oxygen pressure shall not vary more than 20 kPa;
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— test temperatures of 50 °C, 60 °C, 70 °C (with an accuracy of 1 °C) shall be used;

— an Arrhenius plot shall be used for the evaluation of the retained strength for the corresponding

service

life.

5.3.4 Procedure during exposure

During the first 24 h, maintain the pressure within +4 % of set value inside the vessel. This can be
achieved by several pressure adjustments, especially in the first hours following loading. After this
period, maintain set pressure and temperature.

NOTE T
leaks in the s

After the in
stirring con

ystem, which can be detected and eliminated.

stant. Record the pressure and temperature regularly.

5.3.5 Removing the specimens

On completi
the autoclay

Rinse the sp

on of exposure, reduce the oxygen pressure gradually over a period of about 5 min,
e and remove the specimens from their holder.

ecimens in deionized water and condition them in accordance with EN 12226.

5.3.6 Conitrol specimens

Expose the

control specimens to the same liquid and temperature under atmospheric pressur

(24 = 2) h and then rinse and condition them in the same way as the tested specimens.

After each t

Because of
manufactur
tested in thq

For safety 1
during expo

5.4 Prind

bd using different polymerization.processes or containing different additives shou
same vessel at the same time.

easons, it is essential thatthe specimens tested be completely covered by the test 1
sure to pressured oxygen:

iple for follow up-procedure

For follow-up evaluation,the following conditions are applied in order to confirm the service life c

in the prody

The test

Oxygen

ct type determination (PTD) long term durability:
specimert shall be immersed in diluted sulphuric acid with a pH of 3,0;

pressure: the same as used for the PTD;

pst, the vessel and its equipment should be'carefully cleaned of any remaining residuey.

ssible

itial 24 h, keep the oxygen pressure, the temperature of the liquid and the ‘intensity of

open

e for

the possible effect of such residues” on the oxidative testing process, no prodlucts

d be

quid

osen

6

Test temperature: (70 + 1) °C;
Test duration: depending on the activation energy determined in the PTD;

Determination of mechanical properties.

Determination of mechanical properties

When the fixed time period of vessel ageing has elapsed, remove the specimens and test them in
accordance with EN 12226. Determine both the tensile strength and the strain at maximum load
for both the control specimens and the test specimens. Determine the ratios (as percentages) of the
properties of the test specimens to those of the control specimens.
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