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PREFACE
Durability aspects of materials are an important issue when designing different constructions
in environmental geotechnical applications. This report deals with aninventory and evalu
ation of Test Methods for durability of geomembranes. In this study, geomembranes are
defined as homogenous single layer plastic material membranes. The durability aspect con
cerns the whole construction, not only the geomembrane itself
This project is closely linked with the work in European Committee for Standardization
(CEN) Technical committees TC 189 "Geotextiles and related products" and TC 254
"Flexible sheets for waterproofing". Documents for different Test Methods from these
committees have been studied and recommendations are given to produce a common view
for the Nordic countries which takes into account different aspects that may be special for
our countries such as climate and geology. Most of the work in the groups with different
items is in a phase where it is possible to influence the future work in those groups. How
ever, CEN does not at the time deal with all the kinds of Test Methods that are
important in this field. For this reason, also other Test Methods have been studied, for ex
ample standards from the International Organization for Standardization (ISO) and the
American Society for Testing Materials (ASTM).
This report also gives recommendations from the project group in a plan for future work in
NORDTEST.
The project has taken place from 1 January to 31 August 1994 and is mainly financed by
NORDTEST, to whom we are very grateful. Members ofthis project and also authors of
this report have been:
Jimmy Wael Cristensen, Dansk Teknologisk Institut
bivind Johansen, 0stlandskonsult AS
Ulrika Johansson, Swedish National Testing and Research Institute
Hans Rathmayer, VTT - Communities and infrastructure
Yvonne Rogbeck, Swedish Geotechnical Institute
We thank people from CEN TC 189 and TC 254 who have helped us with documentation
from their work.
Linko ping, August 31 st 1994
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1.

SUMMARY

It is important to find suitable test methods which can simulate actual conditions in order to
clarify the long term performance of geomembranes. Standards for the durability of geomem
branes have been inventoried and evaluated. Most of the standards are primarily intended for
geotextiles, but many of them can also be used for geomembranes. Most of them are index
tests and they do not cover the prediction oflifetime.
Properties of the products change with time depending on different factors. Therefore, stan
dards and test methods have been divided into groups such as chemical, biological, mechanical
and thermal effects, stress cracking, ageing tests and detection and investigation of leaks and
seams. For each type of test method, there is a description of the work in CEN, existing test
methods, recommendations and need for research. Different standards and literature can be
found among the references for each chapter.
Methods exist which can be used to determine the relative resistance to certain, often extreme
chemical media. However, the results cannot be used to predict long term durability without
comparative tests to confirm the correlation between test and service conditions.
No simple method is available for determining permeation of multi component media through
geomembranes or any other type of membrane.
Mechanical effects can be simulated with methods such as the puncture test. Both failure
modes, static and dynamic puncture require an assessment of long-term on-site performance
against the results from short-term laboratory tests.
The standard testing procedure proposed in CEN/TC 189/WG3 conseming damage during in
stallation is in principle suitable for providing basic data on the short term behaviour during the
installation process. The model test requires verification from actual installations on site.
A standard testing procedure to assess the effects of temperature, especially freeze-thaw cy
cles, on the stability of geomembranes should be developed in connection with the work in
CEN.
Ageing tests should be used to determine the stability of the materials under the given ser
vice conditions. A method should be developed which can be used for predicting the life
time of the relevant materials. Some of the existing methods can be used as templates for
the development of similar standards. Methods also exist which can be used to determine
thermal stability, but they do not provide a method for predicting the lifetime.
Critical to the success of a geomembrane-lined facility is the integrity of the seams of the
geomembrane. There are two basic types of quality control test, destructive and non-de
structive. Further work on determination of shear and peeling properties is recommended.
Stress cracking is another very important issue for geomembranes compared to other geosyn
thetics. The seams are especially sensitive to stress cracking, which must be taken into account.
In Chapter 10, the authors give their view of the most important tasks for NORDTEST in
continuing the work on durability of geomembranes.
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2.

BACKGROUND AND INTRODUCTION

Geomembranes are being used to an increasing extent in the construction industry, often in
environmental contexts. Future European Norms (EN) will contribute to even wider usage. In
Europe, there are at present various philosophies regarding the lifetime of depositions. In Swe
den, for example, the environmental authorities apply a deposition philosophy taking into ac
count the long-term perspective (1.000 years) while other countries apply considerably shorter
time spans. Adaptation to EN will lead to an accentuation on durability aspects of Geomem
branes, among other materials.
The durability of geomembranes used for purposes such as airport runways, depositions of
protection of road and rail embankments where these intersect groundwater supplies, is at pre
sent uncertain. The main properties of the products depend on the environments in which they
are placed and the stresses to which they are exposed. These properties change with time ow
ing to the following factors:
•
•
•

bacteriological and chemical action
oxidation and temperature
damage during the construction phase

Design is currently based on simplified assumptions in the form of partial coefficients, which
take into account certain of the above factors for natural soils with a pH of 4-9. There are no
corresponding assumptions in the case of polluted soils. The effects of chemicals, oxidation
and high temperatures are important factors requiring attention with regard to durability, and
the degree of influence will depend largely on the type of polymer used for the geomembrane.
The European Committee for Standardization (CEN) has so far concentrated on producing
standards for index tests. Index tests are the most common type of test, most of the tests in this
report being of this type. However, since durability is largely influenced by performance, per
formance tests for durability should be evaluated both within CEN and in co-operation outside
Europe in order to meet Nordic needs. The Nordic countries have a different geology and cli
mate compared with the rest of Europe, and this must be taken into account when choosing
test methods. It is very important to find suitable test methods which can simulate actual con
ditions in order to clarify the long term performance of geomembranes.
The standardisation and decision-making process in the case of geomembranes is at an early
stage in the Nordic countries. The authorities are awaiting EU demands. Frequently, it is the
consultants themselves who have to decide how to build installations, what standards to apply
and what limits to set. In Denmark, however, a recommendation from the Danish Engineers
Association, DS/R 466 "Directive - Membranes for loading areas", has been produced.
A literature survey and inventory of interesting existing standards and test methods has been
performed by SGI. The inventory includes existing standards from bodies such as ISO and
ASTM, and standards to be produced within CEN. A project group meeting has been arranged
to discuss which types of test method are important to take into account from the durability
aspect. A classification of test methods into different groups has been made. The groups are
chemical, biological, mechanical and thermal effects, stress cracking, ageing tests and detection
and investigation ofleaks and seams. The work of evaluating and recommending test methods
within each group has been distributed in the project group. The results have then been
summarised and confirmed by the project members. A large number of telephone meetings
have been held in the course of the project. The project concluded with this report containing
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proposed recommendations for test methods and proposals for an action plan for
NORDTEST.
The joint Nordic view formulated by the project will be applied to influence further work in
CEN, so that attention is paid to the special geological and climatic factors of the Nordic coun
tries. A continuation of the project in the form of a ring test of one or more of the principle test
methods is planned.
The work in CEN concerning geomembranes is performed in two Technical Committees,
TC 254 "Flexible sheets for waterproofing" and TC 189 "Geotextiles and related products".
There is also a Joint Working Group TC 189/TC 254 "Geomembranes". This joint working
group does not prepare any test methods instead, it defines the need for a certain test and
this work is performed in either TC 189 or TC 254.
The first documents for requirements on the use of geomembranes in different applications are
scheduled December 1995. Many of the test methods that will be required are probably already
in the program for TC 189 or TC 254. The targets for documents for these methods becoming
available for CEN enquiry are in many cases during 1994 and 1995.
ISO and CEN have signed the Vienna Agreement to maximise co-operation between them.
This includes parallel voting when work items of interest to CEN or ISO are to be developed
by the other party.
Abbreviations
ASTM
BS
CEN
DIN
ISO

of words that are often used in this report are:
American Society for Testing Materials
British standard
European Committee for Standardization
Deutsche Industrie-Normen
International Organization for Standardization
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3.

CHEMICAL EFFECTS

As geosynthetics become more common in applications such as waste disposal the effect of
chemicals on synthetic materials becomes more important. The effects of different chemicals
vary greatly between different polymers.

3.1

Chemical resistance

3.1.1

Work in CEN

CEN/fC 189 "Geotextiles and related products"
Work on chemical resistance in TC 189 / WG5 "Durability ofGeotextiles" has been divided
into four items:
I.
2.
3.
4.

Resistance to liquid media
Hydrolysis
Oxidation
Evaluation tests

•

CEN/TC 189/WG5 N66 Rev 1. [I]
This document describes a test method for immersing mechanically unstressed specimens in
a test liquid for a given test duration at a fixed temperature.

-

-

*

Test liquids*, I - III for index tests, IV - IX for performance tests.
The entire surface of the specimen is exposed.
Preferred immersion temperature 50 ±1 °C, otherwise 20, 40 or 60 °C.
Test duration for index tests is 4 weeks. The test duration for performance tests
depends on the test temperature. For tests at 50 °C, a duration of 2, 4, 6, 12
weeks or longer is preferred, while at lower test temperatures longer immersion periods
are used.
Properties such as mass and dimension are tested before and after immersion and, if
applicable, after drying.
Test liquids:
I
An organic acid to simulate humates in the soil
II An organic base to simulate soil containing soda, lime or concrete
III Ferric salt
IV 0.1 M fertiliser NaNH4HP0 4
V Diesel oil or petrol
VI Glycol
VII Site specific chemicals
VIII Organic solvent or water solution or emulsion of the solvent
IX Leachate as extracted from waste dumps
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•

CEN/TC 189/WGS N 94, Draft 3 [2]
This document describes methods for exposing test specimens to alkaline solutions, water
and steam at elevated temperatures and methods for evaluating changes in properties after
such exposure.
Alkaline test; test liquid solution of gypsum powder pH 11.0. Test temperature 65
±2°C, test duration between 2 days and 4 weeks (duration will be selected after inter
laboratory tests).
-

Hot water and steam test; test liquid deionised water. 100 ±2°C, 40 days for hot water
and 120 ±2°C, 3 days for steam.
The test samples are evaluated visually and with a tensile test before and after
immersion. Further properties may be evaluated for research purposes only.

CEN/fC 254 "Flexible sheets for waterproofing"
•

CEN/TC 254/SC 2, Synthetic sheets: prEN ..... : 1993 [3]
This document describes a method for exposing specimens, free from all external restraint,
to liquid chemicals and methods for determining the changes in properties after such expo
sure. The method is applicable to all types of membranes but includes some specifications
for roofing sheets.
The entire surface of the test specimen is immersed.
Changes in mass, dimensions, appearance and physical properties are tested
immediately and after drying.
Test liquids and test times are specified for roofing sheets only.
Two recommended immersion temperatures, 23 (±2) ° C and 70 (±2) ° C.

3.1.2
•

Existing test methods

ISO 17 5 "Plastics - Determination of the effects ofliquid chemicals, including water" [4]
This standard specifies a method for exposure of plastic materials, free from all external
restraint, to liquid chemicals. It also specifies methods for determining the changes in prop
erties resulting from such exposure.

-

Any type of liquid chemical can be used.
The entire surface of the test specimen is immersed.
Preferred immersion temperatures are 23 ±2 °C and 70 ±2 °C and test temperature for
determining changes in properties is 23 °C.
Preferred test duration: 24 h (short duration test), 1 week (standard test) and16
weeks (long duration test).
Changes in mass, dimensions, appearance and physical properties are determined
immediately after immersion or after immersion and drying.
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•

ASTM D 5322 "Standard practice for immersion procedures for evaluating the chemical
resistance ofgeosynthetics to liquids" [5]
-

•

Any type of liquid chemical can be used.
The entire surface of the test specimen is immersed.
Recommended immersion temperatures 23 ±2 °C and 50 ±2 °C.
Standard immersion periods 1, 2, 3 and 4 months.
Testing of the geosynthetic before and after exposure is not covered in this
standard.

EPA Method 9090 "Compatibility test for wastes and membrane liners" [6]
This method is intended for determining the effects of chemicals in a surface impoundment,
waste pile or landfill on the physical properties of geomembrane intended to contain them.
-

-

3.1.3

Waste fluid is used for immersion.
The entire sample or only one side of the sample may be exposed.
Two immersion temperatures, 23 °C and 50 °C.
Four immersion periods, 30, 60, 90 and 120 days.
Changes in mass, tensile properties, tear, puncture and hydrostatic resistance,
hardness, specific gravity, extractable and volatile content are determined before and
after the different immersion periods.

Recommendations

The proposals from the two CEN technical committees, "Determination of the effects ofliquid
chemicals, including water. Part 2: Thermoplastic and elastomeric sheets" [3] and "Geotextiles
and related products, determination ofthe resistance to liquid chemicals, including water" [ 1]
are both very similar to ISO 175 "Plastics - Determination of the effects of liquid chemicals, in
cluding water" [4] and also refer to that standard.
An European standard will replace any similar national standard, but the international standard
will still be valid. Therefore, a future European standard is likely to be at least as comprehensive
as the international standard in the area. [3] is very general and comparable to ISO 175 but [l],
unlike [3], does not mention evaluation of physical properties after exposure, only mass and
dimension.
ASTM D 5322 "Standard practice for immersion procedures for evaluating the chemical re
sistance ofgeosynthetics to liquids" [5] is an existing standard also very similar to ISO 175 [4]
but has no suggestion for evaluation methods.
The CEN proposal "Hydrolysis test for geotextiles and related products" [2] is applicable to
materials sensitive to hydrolysis, e.g. polyester, which is not a very common material for ge
omembranes. Geotextiles, which may be used in combination with geomembranes, are however
often made of polyester.
All these CEN proposals and existing standards provide methods for testing the behaviour of a
product under a special set of conditions for possible interaction with liquid chemicals. They
enable an initial evaluation of the compatibility of the geomembrane with the tested chemicals.
The results cannot be used to predict long term durability unless comparative tests have been
made to confirm the correlation between test and service conditions.
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All these methods can and should be used to determine the relative resistance of all geomem
branes to certain, often extreme chemical media.

3.1.4

Need for research

EPA Method 9090 provides a method for testing the compatibility of geomembranes to waste
liquids but is not sufficient for predicting the durability of a geomembrane. Geomembranes in
waste containment applications are assumed to have a lifetime of several hundred years. The
temperatures and exposure times specified in the method do not accelerate the degradation of
the geomembrane sufficiently for predicting a service life of a hundred years or more.
An accelerated test method for predicting long term durability is needed.

The purpose of the NORDTEST project "Durability of geomembranes" (Project No. 1163-94)
is to present an accelerated test method for evaluating the durability of geomembranes in the
environment for which it is intended.
The scope is to simulate a field situation in the laboratory but accelerating the degradation of
the material by raising the temperature. A geomembrane oflow density polyethylene LDPE has
been chosen for the study. Seams in the membrane were produced using two techniques, ex
trusion and hot air. Both seamed and unseamed material are used in the test.
A survey of content and concentration of waste leachate in the Nordic and some European
countries has been performed. Two of the test liquids chosen for this study are intended to
simulate influence of metal and chloride ions found in waste leachate. A synthetic diesel oil
completes the test liquids. The material is immersed in the test liquids at 70, 80 and 90 °C for up
to a year and samples are taken at intervals for mechanical tests, thermoanalysis (DSC) and
spectrometric analysis (IR).
By using the Arrhenius equation, the activation energy of the degradation reaction in the chemi
cal environment may be calculated. The result can be used for determining the degradation rate
and thus the durability of the product at the temperature of application.

3.2

Permeability to liquids and gases

3.2.1

Work in CEN

CENtrC 189 "Geotextiles and related products"
To our knowledge there is no work in this area. Geotextiles are permeable to both liquids and
gases.

CENtrC 254 "Flexible sheets for waterproofing"
•

CEN/TC 254/WG 4: "Thermoplastic and elastomeric roofing and sealing sheets - Deter
mination ofwater vapour transmission properties" Draft prEN 495-4 [7]
This draft standard describes determination of the water vapour transmission rate, WVT, of
thermoplastic and elastomeric roofing and sealing sheets. The WVT is the mass of water
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vapour transmitted through a unit area of the sheet during a unit time and at specified tem
perature and humidity.
-

3.2.2
•

The test specimen is sealed to a test dish containing a desiccant.
Ambient climate, 23 ±1 °C and 85 ±2% RH.
The test assembly is weighed at intervals with an accuracy of ±0.1 mg and the
transport of water vapour through the specimen into the desiccant is recorded.

Existing test methods

ISO 2556 "Determination ofgas transmission rate offilms and thin sheet under atmos
pheric pressure, Manometric method' [8]
This standard describes determination of the gas transmission rate. It is a general standard
and is applicable to all types of plastic film and sheeting.
The plastic film separates two chambers. Chamber 1 contains the test gas at
atmospheric pressure, chamber 2 is evacuated and hermetically sealed. The
quantity of gas that passes through the specimen from chamber 1 to chamber 2 is
recorded with a manometer.

•

ISO 6179 11 Vulcanised rubber sheet, andfabrics coated with vulcanised rubber -

Determination oftransmission rate of volatile liquids (Gravimetric method)." [9]
This standard describes two methods of determining the permeability of the specimen to
volatile liquids diffusing into open air.

-

•

The test specimen is sealed to a test dish containing the volatile liquid.
Recommended test temperature 23 ±2 or 27 ±2°C.
The test assembly is weighed every 24 hours until constant weight loss is obtained.

ASTM D 3985 "Oxygen transmission rate through plastic film and sheeting using a cou
lorimetric sensor" [10]
This standard describes determination of the oxygen transmission through the test speci
men.
The test specimen separates two chambers at atmospheric pressure. One chamber
contains oxygen and the other chamber is purged with nitrogen. Permeated oxygen
is detected in the stream of nitrogen.

•

SS 02 15 82 "Building materials - Testing- Water vapour transmission rate" [11]
This standard describes a method of determining the water vapour transmission rate of a
test specimen.
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The test specimen is sealed to a test dish containing either a saturated solution with
excess of potassium nitrate, which gives 92.5 % RH or a saturated solution with
excess oflithium chloride, which gives 12.2 %RH in the sealed test dish.
The test assembly is kept at 23 ±1°C and 50 ±2%RH and weighed at intervals to
record weight loss I gain.

•

SS 02 15 81 "Determination ojwater vapour transmission rate ofpaper, plastics,films
etc." [12]
This standard describes a method of determining the water vapour transmission rate of a
test specimen. It is similar to SS 02 15 82 but uses a desiccant instead of saturated solu
tions with excess of salt.
Test climates: 25 ±0.5°C / 75 ±2%RH or 38 ±0.5°C / 90 ±2%RH

•

DIN 53 122 "Testing ofrubber films, paper, board and other sheet materials -Determi
nation ojwater vapour transmission, gravimetric method' [13]
This standard describes a method of determining the water vapour transmission rate of a
test specimen. It is similar to SS 02 15 82 but has several alternatives for temperature,
relative humidity and salt.

•

ASTM E 96 "Standard test methods for water vapour transmission ofmaterials" [14]
This standard describes two methods of determining water vapour transmission similar to
SS 02 15 81 and SS 02 15 82. In the desiccant method the test dish contains calcium chlo
ride and in the water method the test dish contains distilled water.

3.2.3

Recommendations

All the existing standards are more or less suitable for evaluating the properties of a geomem
brane. The choice of standard must depend on the property to be determined. Some of the
standards use very simple equipment, which may be an advantage.
The draft prEN 495-4 11 Thermoplastic and elastomeric roofing and sealing sheets - Determi
nation ofwater vapour transmission properties" [7] is similar to several existing national stan
dards such as [11], [12], [13] and [14]. No equivalent international standard exists. One disad
vantage of the draft European standard is that it does not allow alternative test climates such as
23 °C I 50 %RH, which is the predominant climate for testing plastic materials.
CEN TC 189/WG5 mention ISO 4080 "Rubber and plastic hoses and hose assemblies -De
termination ofpermeability to gas" in the first draft for durability tests for geomembranes.
This international standard may be applicable to geopipes but is not very suitable for mem
branes.
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3.2.4

Need for research

Geomembranes are homogeneous materials used as barriers. The permeation of liquids and
gases takes place on a molecular scale by dissolution in the geomembrane and diffusion
through the geomembrane. Various methods are suitable for determining the permeation of
single component permeants. Measuring permeation of mixes of gases or liquids is more com
plex. It is necessary to know which component is permeated and equipment such as gas chro
matography (GC), mass spectrometry (MS), atomic absorption (AA) may be needed to detect,
identify and quantify the permeant.
No simple method is available for determining permeation of multi component media through
geomembranes or any other type of membrane. Choice of method and equipment will inevita
bly depend on the media to be analysed. Efforts should be made to define the actual chemical
environment of the geomembrane and then, if necessary, analyse the permeation of the mixture
through the membrane.
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4.

BIOLOGICAL EFFECTS

Geomembranes are subject to various biological effects (attack). These biological effects result
from the action of organisms living in contact with or near the geomembranes. The organisms
may be bacteria, fungi, plants and animals. Simulations of the biological effects can be made in
the laboratory so that membrane resistance can be determined.

4.1

Biological degradation

4.1.1

Work in CEN

CEN/TC 254 "Flexible sheets for waterproofing"
•

CEN/TC 254/SC2 Nl65 : "Determination ofresistance to micro-organisms" [l].

This document is a proposal for a standard which specifies a method for determining the
resistance of thermoplastic and elastomeric sheets to the action of micro-organisms en
countered in the soil (mould and bacteria). The principle is that test specimens are submitted to
the action of soil micro-organisms for 4, 12 and 32 weeks at a temperature of (29± 1)°C and a
relative humidity of (97±2)%. After incubation, the loss of mass of the test specimens is
determined with correction for the influence of the medium and the local climate. Some of the
other requirements and procedures are listed below :
- The test soil shall have a pH between 4 and 7 and a constant water content equal to 60%
of its maximum water retention capacity. Fertiliser shall be added.
- The test specimens shall have a size of (50±2) mm x (60±4) mm.
- Correction for the influence of the medium is made on the basis of results
from a sterility test.
- Test soil activity is verified by using cotton fabric (bleached and untreated). After
incubation for 7 days at 29°C, the fabric shall be destroyed by the micro-organisms, i.e.
the cotton shall have lost at least 75% of its original tensile strength.
- In active testing, 4 test recipients per incubation period (4, 12 and weeks) shall be filled
with test soil. Two test specimens and a piece of cotton fabric, shall be placed in each
recipient.
- After incubation, all the test specimens shall be rinsed, dried, conditioned and weighed.

4.1.2

Existing test methods

The ASTM G 22-90 [2] and ASTM G 21-90 [3] standards describe test procedures for bacte
rial and fungi on attacks on a geomembrane. By using test organism/fungi cultures under de
fined conditions (favourable to growth) it is possible to determine:
-

visible effects and/or
effects on physical properties (stiffness, tensile resistance), optical and electrical properties.
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The German Norm DIN 53739 (Nov. 1984) : "Prufung von Kunststoffen. Einfluss von Pilzen
und Bakterien" [4] describes test procedures for determining behaviour under the action of
fungi, bacteria and active soil. The German Standard seems to be more comprehensive than the
mentioned ASTM-standards with regard to the action of fungi. The tests are performed with
both a complete and an incomplete nutrient solution. With an incomplete nutrient solution, the
fungi are dependent on components from the membrane. With a complete nutrient solution,
the fungi can grow independently of "food" from the membrane. By-products from such
growth may attack the membrane.
Differences occur between the ASTM standards [2] and [3] and DIN 53739 [4].
These include:

-

Size of test specimens
Number of test specimens
Test period
Temperature and relative humidity

DIN Standard 53739 [4] is based on the ISO 846-1978 (E) Norm: "Determination of behav
iour under the action of fungi and bacteria. Evaluation by visual examination or measurement
of change in mass or physical properties" [ 13] .
The ASTM D 3083-89 Standard: "Standard Specification for Flexible PVC plastic sheeting for
pond, canal and reservoir lining" [5] contains a test method for soil burial. The description
does not differ greatly from the other standards to which reference is made. ASTM Standard
[5] also contains requirements on changes in physical properties during the test (tensile
strength change± 5%, elongation loss 20%).
Such requirements are also found in "Richtlinie i.iber Deponiebasisabdichtungen aus Dich
tungsbahnen" from Abfallwirtschaft Nordrhein-Westfalen [7]. According to this document, the
change in weight after the soil burial test should be :S 5%.
Changes in other mechanical properties should be :Sl 5%.
The Swiss Norm SIA 280 (1983): "KilnstoffDichtungsbahnen" [6] contains a description of a
test method for determination of resistance to micro-organisms that seems quite similar to the
CEN proposal Nl65 [l] referred to in Part 4.1.1.

4.1.3 Recommendations
The polymer portion of a geomembrane is usually resistant to micro-organisms. It is generally
the other components, such as plasticisers, lubricants, stabilisers and dyes that are responsible
for such attacks. It is important to establish the resistance of geomembranes to microbiological
attack when used under conditions of high temperature and humidity, favourable for such at
tack.
However, the major concern regarding microbiological attack is not primarily related to ge
omembranes, but to the possible clogging and blocking of geotextiles, geonets and drainage
geocomposites often associated with geomembranes, particularly in waste facilities. These as
pects are also important for satisfactory function of a construction where the geomembrane is
only one part.
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We recommend continuation of the work in CEN/TC 254/SC 2 with "Determination of resis
tance to micro-organisms". Document N165 [1] is a good start and seems to be in accordance
with existing ISO, DIN and ASTM standards. Doc. N165 could, however, be extended to in
clude requirements on the physical properties of a membrane after the incubation time in the
soil. The document could also include requirements on visible effects.
Delegates from the Nordic countries in the CEN work should pay special attention to the
specification of the test soil, taking into account our special geology.

4.2

Rodent resistance

4.2.1 Work in CEN
To our knowledge, there is no work in progress in CEN concerning this subject.

4.2.2 Existing test methods
One test method have been found described in "Bau- und Priifgrundsatze fur den Gewasser
schutz11, Chapter 4.9 - 11 Verhalten gegen Nagetiere 11 Institut fur
Bautechnik-Berlin, Jan. 1989 [12]. The procedure is as follows:
-

A test specimen with a seam is covered with soil. A fence is set up
around the area.

-

Arvicola terrestris (grosse Wuhlmaus, Shermaus) are placed inside
the fence and fed.

-

The test period will normally be half a year.
The activity of the animals is checked by using a special test specimen.

-

For the time being, the test should only be performed by Staatlichen Materialpriifungsamt
Nordrhein-Westfalen in Dortmund.

[7] states in Anlage 2 (Table 2) that the result of such a test should be :
"No gnawing through the test specimens. Gnawing from edge 50 mm" The same requirements
on the test result are found in [14] Chapter 4.3.7.

4.2.3 Recommendations
The importance of the test method for Rodent resistance can be discussed. However, the de
scribed method from Nordrhein-Westfalen could be made better known, for example by being
referred to in the coming CEN standards describing biological effects. If test methods for Ro
dent resistance should come into use in Scandinavia, we have to decide what kind of animals to
use in the test. These animals have to be typical for our region.
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4.3

Root resistance

4.3.1 Work in CEN
CENffC 254 "Flexible sheets for waterproofing"
•

CEN/TC 254/SC2 N150: "Determination ofRoot Resistance" [10].

This document is a draft which specifies a method for the determination of the resistance of
thermo-plastic and elastomeric sheets for waterproofing and of their joints against root per
foration. The principle is to fix a test specimen between two layers of soil. The species Lupinus
albus is seeded in the top layer. After 6 to 8 weeks, examination of the test specimens is
performed with regard to possible perforation by roots. Some of the other requirements and
procedures are listed below :
- The soil should be a mixture of clay-soil (30%) and upland moor peat (70%). Fertiliser
and nutrient salts are to be added. pH should be between 5.5 and 6.5.
- At least 3 test specimens should be used. One test specimen shall contain a
perpendicular joint and another shall contain a T-joint.
- About 200 seeds of the species Lupinus albus shall be used.
- A comparative test, using a sheet of bitumen approx. 20 mm thick, shall verify that the
plants are growing normally. The majority of the roots shall perforate the bitumen
sheet.

4.3.2 Existing test methods
DIN 4062 [11] contains a specification for testing the root resistance which is very similar to
the specifications in the CEN document referred to in 4.3.1 [10]. One difference is that the
DIN document does not require the test specimens to contain joints.
The Swiss standard SIA 280 [6] describes a procedure for testing root resistance which is
based on DIN 4062.
Reference [12] also describes a test procedure which is fairly similar to the procedures in the
other mentioned standards.

4.3.3 Recommendations
Work in CEN on "Determination of Root Resistance" seems to give a result with small differ
ences to descriptions in other well-established standards. As far as we can see, the coming
CEN standard will also be very applicable to the Scandinavian countries.
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5.

MECHANICAL EFFECTS

5.1

Abrasion

Abrasion resistance of geomembranes does not appear to be a major concern, as it is difficult
to define applications where repeated sliding of a load may be the critical parameter determin
ing the long term behaviour of a geomembrane. The action of ice on unprotected geomem
brane liners on the slopes of reservoirs is not well understood nor properly observed in design,
but abrasion resistance is unlikely to be the critical parameter for judging the long term per
formance of geomembranes in such a function.

5.1.1

Work in CEN

CENffC 189 "Geotextiles and related products"
•

CEN/TC 189 N 151: Method of simulating abrasion damage (sliding block test) [I].
The proposed standard testing procedure is a modification of the ASTM 4886 test.
The test is designed for geotextiles only. There is no evidence of the applicability of the
method to geosynthetics in general. Any relation to practical behaviour is missing. An in
itial draft for a standard procedure was released in May 1994 for circulation at TC level.

5.1.2
•

Existing test methods

ISO 5470: 1980 Rubber or plastics coated fabrics - Determination of abrasion resistance
[3].
Method to be applied for testing of coating only. The purpose is to provide a comparison
with an established minimum standard, but not to act as an absolute criterion.

•

ISO 6601: 1987 Plastics - Friction and wear by sliding - Identification oftest parameters
[4].
The standard is of an informative nature only. It can be used for the preparation of a spe
cific standard procedure, but does not give any recommendations on which type of proce
dure should be selected for plastics sheets (geomembranes).

•

BS 5690: 1988 Determination of the abrasion resistance of fabrics [5].
The standard method is applicable to flat woven, knitted and nonwoven textiles. The abra
sion resistance of such fabrics is compared to a reference abradant, which is a well defined
textile. There is no evidence of the applicability as such to geomembranes.

•

DGEG-AK 14: Anwendung und Prufung von Kunststoffen im Wasserbau [6].
(DVKW Schriften 76/ 1986) requests an abrasion test developed by "Bundesanstalt fur
Wasserbau (BAW), Karlsruhe" to be performed for testing geotextiles to be used in water
constructions.
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In this testing procedure, the specimen is fixed inside an octagonal drum filled with 4 kg gravel
and 8 kg water and the drum is rotated 80 000 revolutions. Afterwards, changes in tensile
properties, thickness and water permeability are determined. The testing procedure is a severe
one, but as such applicable in a modified form to geomembranes, assuming the mode of abra
sive loading is relevant to the application.

5.1.3

Recommendations

Resistance of a geomembrane to abrasive action by soil or other materials may be demanded
only for well defined applications and type of function of a geomembrane in the application.
Repeated loading with abrasive action will, in the long term, destroy any type of material, even
steel. Testing of abrasion resistance may be fruitful in establishing the necessity for properties
of protective layers.
An indication of resistance of a geomembrane to abrasion can, if necessary, be obtained best
with a procedure similar to the BAW drum test. The test set-up is comparable to a perform
ance type oftest, but both time consuming and expensive. As such, it is suitable for type ap
proval testing and has the advantage of producing results comparable to actual installations
e.g. in water constructions.

5.1.4

Need for research

For a judgement of the necessity of an abrasion test, the collection of evidence that geomem
branes are exposed to an abrasion type ofloading, of the appearance of this failure mode, the
time dependence of damage and applications in which these occur, should be the first operation
before standardizing any abrasion testing procedure.

5.2

Fatigue

5.2.1

Work in CEN

The work programme established in TC 189 and in the joint working group TC 254/189 con
tains no proposal for standardizing methods for fatigue testing of geomembranes.

5.2.2
•

Existing test methods

BS 4618: Sc 1.3.1: 1975 The presentation of plastics design data. Part 1. Mechanical prop
erties. Subsection 1.3 .1 Static fatigue failure [7].
The standard method describes a testing procedure for establishing the time dependence of
failure at different stress levels. Common failure modes are necking, crazing, cracking,
shear bands and whitening. The time before failure, during which a plastic material is ap
parently undamaged and satisfactorily supports the stress applied, can be evaluated from
the test results. In order to achieve a sufficient level of reliability, a number of individual
tests at several stress levels must be performed.
The static fatigue behaviour is dispayed as a graph for a particular stress system. The rela
tionship is strongly affected by environmental conditions and temperature and by the mo
lecular state of the specimen as produced by its mechanical and thermal history.
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5.2.3

Recommendations

The principles outlined in BS 4618 on testing of the static fatigue failure of geomembranes can
be used as a basis for future work.

5.2.4

Need for research

A standardized testing procedure could provide the necessary parameters for design consid
erations. The standard must establish clearly the successive testing methods by which the time
dependent change in material properties is to be evaluated.

5.3

Puncture

5.3.1

Work in CEN

CENtrC 189 "Geotextiles and related products"
•

CEN/TC 189 Draft prEN 918: Dynamic perforation test for geotextiles (cone drop test)
[8].
This standard testing procedure was originally developed at the Norwegian Road Research
Laboratory for geotextiles having a mass of 100 - 500 g!m2. It describes the resistance of
an unsupported geotextile, clamped between ring-shaped plates in a CBR mould, to pene
tration by a steel cone dropped from a fixed height. The degree of penetration is used as an
indication of the damage likely to be caused by dropping sharp stones onto the geotextile
surface.
prEN 918 is released for formal approval in CEN. The energy input involved in this test
method (mass of the cone= 1 kg, falling height = 0.5 m), the shape of the falling cone and
the lack of any support underneath the specimen to be tested make this procedure unsuit
able for any judgement related to the long term behaviour of geomembranes.

•

CEN/TC 189 Draft prEN 776: Static puncture test for geotextiles (CBR test) [9].
This standard testing procedure was originally developed at the Norwegian Road Research
Laboratory for geotextiles having a mass of 100 - 500 g!m2. It describes the resistance of
an unsupported geotextile, clamped between ring-shaped plates in a CBR mould, to static
penetration by a steel plunger. prEN 776 is released for formal approval in CEN.
The standard test method with modifications (soil support underneath and protective layers
of soil or geosynthetics between the geomembrane surface and the steel plunger) is applied
to geomembranes to judge the effectiveness of protective layers.

CENtrC 254 "Flexible sheets for waterproofing"
•

CEN/TC 254/SC2 N 146: Determination of impact resistance for flexible sheets for roofing
and waterproofing [10].
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The proposed standard test for roofing and waterproofing membranes represents the cate
gory of dynamic short-term mechanical stress where puncture is caused by impact. The

membrane is struck by a free falling drop weight with a defined puncturing tool attached to
the lower end. In Method A the membrane is .placed on a soft support consisting of a stan
dard expanded polystyrene panel of mass 20 kg!m3. The puncturing tools are cylindrical
with diameter varying from 4 mm to 30 mm, while the energy of the impact remains con
stant (1kg falling 600 mm). Testing is carried out at a temperature of23°C ± 2°C and 10°C ± 2°C. In Method B the membrane is tested on a hard support (polished steel plate
embedded in the surface of a concrete slab) and the puncturing tool is spherical with diame
ter 12.7 mm, the mass is 500 g and the drop height is increased in multiples of 50 mm.
Testing is carried out at a temperature of23°C ± 2°C.
In Method A the resistance to puncture is expressed as the diameter of the puncturing tool
which has not caused puncturing of the membrane in three out of five blows. In Method B
the resistance to puncture is expressed as the drop height in millimetres which has not
caused puncturing of the membrane in five blows. The specimens are checked for leakage
by means of a vacuum device at a pressure difference of -10 k:Pa.

5.3.2
•

Existing test methods

ASTM D 4833 - 88: Index Puncture resistance of geotextiles, geomembranes and related
products [ 11].
This standard test method is an index test for determining the puncture resistance of
geotextiles, geomembranes and related products. In this test, the specimen is clamped be
tween concentric plates with an open internal diameter of 45 mm. A solid steel rod, with a
diameter of 8 mm and having a flat end, is forced to penetrate the specimen at a speed of
300 mm/min until the puncture rod completely ruptures the membrane. This test method 1s
considered satisfactory for trade acceptance testing.

•

Dynamic puncture BS 6906 part 6 [12].
This standard testing procedure is in its principles identical to prEN 918, which will be the
remaining European standard.

•

DIN 16 726, part 5.12. Penetration resistance [13].
The standard describes a testing method for determining the penetration resistance of a
supported geomembrane to the impact of a falling weight with a mass of 0.5 kg. Accep
tance requirements will depend on the final application of the geomembrane. For applica
tions as a barrier in earth and water constructions, dropping the weight from 0.5 m height
must not damage the specimen and for applications as liner in waste deposits damage must
not occur at a falling height of 2. 0 m. Damage is defined as insufficient performance of the
geomembrane in the consequent index permeability test. As the penetration resistance is
strongly dependent on the type of polymer, this test makes it possible to evaluate a mini
mum thickness of the geomembrane at which the permeability requirement would be ful
filled.
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5.3.3

Recommendations

Both the DIN 16726 [13] procedure and prEn 776 [9] may be useful for judging puncture re
sistance. The DIN method establishes a minimum thickness in relation to mechanical damage
and the CBR plunger test evaluates minimum protective measures against damage from static
puncture.

5.3.4

Need for research

Both failure modes, static and dynamic puncture require an assessment of long-term on-site
performance against the results from short-term laboratory tests. The failure modes in question
are unlikely to be simulated in accelerated tests and existing structures must therefore be sys
tematically excavated and studied for this purpose.

5.4

Damage during installation

5.4.1

Work in CEN

CENffC 189 "Geotextiles and related products"
•

CEN/TC 189/WG3 Draft document 16.03.92: Method of simulating damage during instal
lation [14].
A standard test method is being developed for laboratory simulation of the damage to
geotextiles and geotextile related products which occurs with compaction during installa
tion. The specimen is placed between two layers of a defined granular material and submit
ted to a defined load level and frequency by a plate placed on the top of the upper, uncom
pacted soil layer. Samples of damaged specimens must then be subjected to index tests in
order to evaluate the damage according to their function.

5.4.2

Existing test methods

No other test methods have been established that deal especially with this question.

5.4.3

Recommendations

The standard testing procedure proposed in CEN/TC 189/WG3 [14] is in principle suitable for
providing basic data on the short term behaviour of geomembranes during the installation
process. The model test requires verification from actual installations on site.

5.4.4

Need for research

Geomembranes are usually tested as single layers for the purpose ofjudging resistance to in
stallation damage. A standard testing procedure should be established, which involves the usual
multi-layer structures composed either of polymeric or of geosynthetic/soil composites.
Simulation of actual behaviour requires modifications to the normally single-layer test set-ups.
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5.5

Temperature instability

5.5.1

Work in CEN

So far, this topic has not received the necessary support in TC 189.

5.5.2
•

Existing test methods

ASTM 4594-91: Effects of temperature on stability of geotextiles [ 15].

The standard test method provides a procedure for determining the effects of climatic tempera
ture on the tensile strength and elongation properties of geotextiles. The effect of temperature
on the stability of geotextiles is reported as the change in tensile properties between tests per
formed in the standard atmosphere and tests performed under conditions in which the geotex
tile is expected to perform in the field. The test method may also be used to evaluate the effects
of freeze-thaw cycles. This test method is not especially recommended for geomembranes.

5.5.3

Recommendations

The principles outlined in the ASTM 4594 test method are applicable to the testing of ge
omembranes in many aspects of resistance to temperature effects.

5.5.4

Need for research

A standard testing procedure to assess the effects of temperature, especially freeze-thaw cy
cles, on the stability of geomembranes should be developed in connection with the work in
CEN TC 189/254 JWG. Geomembranes are increasingly used in Nordic climates, and relevant
material parameters are essential for the proper design of such products.

5.6

Friction

5.6.1

Work in CEN

CENffC 189 "Geotextiles and related products"
•

CEN/TC 189/WGJ N21: Determination of the friction characteristics (direct shear test)
[16].
The test method proposed is basically similar to the ASTM D5321 - 92 procedure de
scribed in more detail below. The standard proposal describes the method for determining
the friction characteristics of geotextiles in contact with standard sand, at a standard den
sity, moisture content, normal stresses and constant rate of displacement. A first working
draft was issued in September 1993 for circulation within working group WG3 of CEN TC
189. A draft standard method was released in May 1994 for circulation at TC level.

•

CEN/TC 189/WGJ N23: Determination of friction properties by inclined plane test [ 17].
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The test method is part of the working programme ofWG3 in CEN TC/189. A draft
document on the principles of the test method was issued in March 1994 (Doc. CEN/TC
189/WG3/ N 23). The proposed standard test method is intended as a performance test
procedure for geotextiles, geomembranes and geotextile related products to be carried out
using the site specific soils but may also be used as an index test with a standard sand. The
angle of friction for the soil/geosynthetic contact surface is determined by measuring the
angle at which a soil filled weighted box slides when the base supporting the geosynthetic
is inclined at a constant speed.
The draft proposal has been released for circulation in CEN TC 189. The method itself
needs interlaboratory tests to establish its reliability.

5.6.2
•

Existing test methods

ASTM D5321 - 92: Determining the coefficient of soil and geosynthetic or geosynthetic
and geosynthetic friction by direct shear method [18].
The test method is intended to indicate the performance of a selected specimen by simulat
ing certain field conditions in a direct shear box. Remoulded or undisturbed soil samples
and a range of normal stresses specified by the designer may be used in the test. The test
data are generally presented as a graph, where the shear force is plotted as a function of the
horizontal displacement of the moving section of the shear box. The coefficient of friction
for the combination of materials tested is the slope of the best fit straight line.

5.6.3

Recommendations

Friction parameters are of the utmost importance for the proper design of earth and other
structures with a geomembrane barrier. Improper design or installation has resulted in several
slope failures and damage to geomembranes. Testing of friction coefficient between geomem
brane and soil should generally be performed with the actual soil of the site and by using rele
vant density and wet-side of optimum water contents (these findings are the results of exten
sive research on the reasons for the slope failures at Kettleman Hill waste landfill).
Several products with roughened surfaces or with devices such as extruded studs to increase
geomembrane/soil friction are nowadays available on the market and should be applied where
necessary. Roughened membranes have texturing depths that range between 0.3 and 0.7 mm.
This depth of texturing may not be enough to fully mobilize material shear strengths of coarse
grained material. HDPE membranes with extruded studs provide good interlocking features at
the geomembrane I soil interface. The interface friction between geomembrane and other com
ponents of a composite structure, such as spacer-grid, geotextile for drainage purposes, ben
tonite clay as a supplement etc., has to be carefully determined for each material combination.

5.6.4

Need for research

The test method prepared in CEN/TC 189 /WG3 [I 7] is applicable to geomembranes and to
liner composites in several geomembrane applications. For reasons of test performance, the
tilting table is lifted at a constant speed. Behaviour of the test set-up at low speed or a test
mode with stepwise increase of the slope inclination, may be valuable for judging long term
behaviour. Both creep effects and change in soil moisture conditions may have an essential in
fluence on the actual behaviour in the test.
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5. 7

Bursting

5.7.1

Work in CEN

One work item has been proposed dealing with the burst type ofloading (TC 189 & JWG TC
189/254). The work is scheduled to be started in June 1995.

5.7.2

Existing test methods

Several types of burst testing procedures are described in the literature, but none of these is
acknowledged as a standard testing procedure. The tests simulate in principle an hydraulic
puncturing situation, which can occur due to sharp edges in the support, or blistering of the
membrane in the voids or fissures of the support.

5.7.3

Recommendations

The development of a standard testing procedure, suitable also for accelerated testing at in
creased temperature, is strongly recommended. As a routine testing procedure, it could pro
vide essential information on stress-strain behaviour in multiaxial loading. Burst test proce
dures are in addition suitable for the measurement of material properties in prestrained condi
tions, e.g. the change in permeability characteristics.

5.7.4

Need for research

Development work should be devoted to studying the usefulness of pressure vessel testing in
the evaluation of other than mechanical material parameters. Long term effects of chemicals,
microbes, temperature and pressure can possibly be studied with the same test set-up.

5.8

Environmental stress cracking

Environmental stress cracking is described in Chapter 7. For mechanical effects the ISO 62521981 (E) standard testing procedure [ 19] can be suggested.

5.8.1

Recommendations

The standard testing procedure ISO 6252-1981 (E), suitable also for accelerated testing at in
creased temperature, is strongly recommended as an index test. As a routine testing procedure,
it provides essential information on the times to rupture and on the type of break when a mem
brane is subjected to constant uniaxial stresses in a specified chemical environment.
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5.8.2

Need for research

The failure mode simulated in the ESC-test requires an assessment of long-term on-site per
formance against the results from short-term laboratory tests. The failure mode in question is
unlikely to be simulated to a sufficient extent in accelerated tests and existing structures must
therefore be systematically excavated and studied for this purpose. In particular, joints and
seams have to be evaluated concerning their long-term behaviour in respect to ESC.
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6.

THERMAL EFFECT

6.1

Thermal oxidation

6.1.1 Work in CEN
CEN/fC 189 "Geotextiles and related products"
The work on thermal oxidation is being carried out in CEN/TC 189/WG5 "Durability" and
under chemical resistance which is subdivided into: "Resistance to liquid media", "hydrolysis\
"oxidation" and "evaluation tests".

•

CEN/TC 189/WG5 N94: Method for determing the thermooxidative resistance of
geotextiles [I].
The procedure for the method are for example:
- With or without preceding water extraction 14 x 24 hours at 90°C of the specimens
- Oven test in air
- Temperature 120°C or 100°C
- Duration 4 weeks at 120°C or 16 weeks at 100°C
- Specimens are submitted to tensile test after ageing
- Requirements: No sign of embrittlement, max 20% decay in max load and strain at max
load

•

CEN/TC 189/WG5 N96: (Minutes of the meeting in Vienna, Austria 14 and 15 April 1993)
[2].
The document describes oxidation tests on polyolefins, both oven test and thermal analysis
(OIT), performed under the U.S. Federal Highways Administration Programme. The
conclusion was that caution should be applied in drafting the CEN standard oxidation test.

•

CEN/TC 189/WG5 N91 [3].
The document describes a peroxide immersion test as a possible oxidation test.

CEN/fC 254 "Flexible sheets for waterproofing"
No work is being carried out on thermal oxidation.

6.1.2
•

Existing test methods

INST A 216 "Plastic pipes - Thermoanalytic at test method for the determination of
oxidation stability" [4].
The method describes determination of oxygen induction time (OIT) by thermal analysis.
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•

ASTM D 3895 "Test Method for Oxidative Induction Time of Polyolefins by Thermal
Analysis" [5].
OIT by thermal analysis.

•

DIN 53383 T2 "Oxidation stability ofHDPE. Oven ageing. Determination of CO Index"
[6].
Oven ageing ofHDPE and determination of carbonyl content by infrared spectroscopy.

•

ISO 4577 "Plastics - Polypropylene and propylene-copolymers - Determination of thermal
oxidative stability in air - Oven method" [7].
The method describes an oven test, where the test specimens are mounted on clips in a
rotating carousel. An observation is made of the temperature at which 50% of the speci
mens can withstand the mechanical stresses applied by rotation for a given time.

6.1.3

Recommendations

Almost no work concerning thermal oxidation of geomembranes is being carried out in CEN.
The standardization in TC 189 is mostly related to geotextiles of PP, and the document TC
189/WG5 N94 "Geotextiles and geotextiles related products -Method for determining the
thermo-oxidative resistance of geotextiles" focuses on PP. The method described in the
document is more likely a heat ageing test, but the test does not cover life-time prediction.
None of the existing standards fulfils the need for oxidation test for quality assurance or in
plant quality control testing.

6.1.4

Need for research

Test methods for testing thermal oxidation of the materials used in production of
geomembranes should be developed.

6.2

De-hydrochloration

6.2.1

Work in CEN

No work on de-hydrochloration of poly(vinyl chloride) has been found in CEN.
The methods in CEN TC 189 are mostly based on the fact that approx. 80°C of the products
are made of PP.
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6.2.2
•

Existing test methods

ISO 182 "Plastics - Determination of the tendency of compounds and products based on
vinyl chloride homopolymers to evolve hydrogen chloride and other acidic products at
elevated temperatures" [8].
Part 1:
Part 2:
Part 3:
Part 4:

Congo red method
pH method
Conductometric method
Potentiometric method

The pH method:
The PVC sample is heated to l 80-200°C in a special cell immersed in an oil bath. The
evolved HCI gas is carried over by means of a nitrogen gas flow into an absorption
solution, where the change in pH can be recorded. The stability time is the time to a
predetermined pH change.

•

ASTM D 2115 "Standard practice for Oven Heat Stability of Poly(Vinyl Chloride)
Compositions" [9].
Oven heat stability of PVC sample prepared on lab two-roll mill. The samples are exposed
at 177 ± 0.5°C, and the heat stability is measured as the degree of discolouration.

•

ASTM D 4202 "Standard practice for Oven Heat Stability of Poly(Vinyl Chloride) Resin"
[10].
The heat stability of PVC resin of powder or granules. The sample is placed in a test tube
which also contains Congo red indicator paper. The test result is the time to colour change
of the indicator paper due to HCl gas evolution.

•

ISO 305 "Plastics - Determination of thermal stability of Poly(Vinyl Chloride), related
chlorine-containing homopolymers and copolymers and their compounds -Discolouration
method" [11].
The thermal stability of PVC sheet. The method describes both an oil bath and an oven
method. The temperature is between 120-200°C ± 0.5°C. The heat stability is measured as
the degree of discolouration.

6.2.3

Recommendations

The existing standards cover methods of determining the heat stability of PVC. ISO 182 parts
1-4 covers samples of different form and cover shape, but do not include the discolouration
method, which is simple. ISO 305 covers samples in the form of sheet, while ASTM D 2115
describes the test of compounds by preparation of sheet on a two-roll machine.
All the methods can and should be used to determine thermal stability and for the tendency of
PVC to evolve HCl gas.
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6.2.4

Need for research

The described methods are relevant in quality assurance or in-plant quality control testing, but
they do not provide a method for predicting the life-time of geomembranes of PVC.
An accelerated test method for predicting long term durability is needed.

6.3
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7.
7.1

STRESS CRACKING
Environmental stress cracking

Environmental stress cracking is a phenomenon exhibited by many plastics. The causes of
environmental stress cracking are not fully understood.
ASTM D 883 [l] defines stress cracking as "an external or internal crack in a plastic caused by
tensile stresses less than its short-terme mechanical strength."
BS 4618: Subsection 1.3.3 [2] describes the phenomenon: "when a material is stressed below
its yield point, stress cracking can occur after a period of time which may be very long.
Exposure to an "active environment" simultaneously with the stress may result in a dramatic
shortening of the time before failure."
The cracks may penetrate the material completely and in some cases crazing is produced.
The "active environment" may be a fluid or a gaseous medium. Detergent solutions are a well
known active environment but also organic compounds such as alcohols, ketones, esters and
oils may also act as stress cracking media. Each type of plastic has a different active
environment for stress cracking.
Halse et al [3] state that stress cracking of polyethylene geomembranes can occur under certain
conditions:
- The existence of a tensile or shear stress at a value less than the global yield stress.
- An initiating point from which the crack can propagate.
- Appropriate internal or residual stress.
The seams in a geomembrane are especially sensitive to stress cracking since the above
mentioned conditions often occur. The surface is often ground before seaming, which may
cause cracks, the seam is made by overlapping, the material is heated when seaming, which can
induce oxidation of the polymer, and heating also changes the molecular structure, such as
crystallinity of the polymer which is an important factor for the resistance to stress cracking.
See also Chapter 9.1.4

7.1.1

Work in CEN

CENffC 189 "Geotextiles and related products"
To our knowledge there is no work in this area.

CENffC 254 "Flexible sheets for waterproofing"
The working group (WG 8) dealing with stress cracking has been discontinued and no
documents are available. The need for test methods must now be the concern of the joint
working group TC 189 / TC 254. They can take the question back to either TC 189 or TC
254.
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7.1.2
•

Existing test methods

ISO 4599 "Plastics -Determination ofresistance to environmental stress cracking (ESC)
- Bent strip method'' [4]
This standard describes determination of ESC resistance by means of a prestrain test. The
method should be used on rigid plastics with moderate stress relaxation in time. It is
especially suitable for determining the sensitivity of localised surface regions of specimens
to ESC.
-

•

The test specimen is bent over a former of constant radius and brought into
contact with the test environment. Formers of different radii may be used.
Preferred test temperature 23 ±2°C otherwise 40 ±2 or 55 ±2°C.
Test duration, short-term test 24 h, long-term test 1000 h.

ISO 4600 "Determination of environmental stress cracking (ESC) - Ball or pin impression
method'' [5]
This standard describes determination ofESC of plastics by means of a constant strain test.
-

The test specimen is impressed with balls or pins and brought into contact with the
est environment. The constant strain thereby induced often generates
micro racks
which may in time develop into visible cracks.
- Test temperature 23 ±2°C.
Test duration, short-term test 20 h, long-term test 1, 2, 4, 8, 16 etc. days until
failure limit.

•

ISO 6252 "Determination ofenvironmental stress cracking (ESC) - Constant tensile stress
method'' [6]
This standard describes determination ofESC of plastics subjected to a constant tensile
stress during testing.

-

•

The test specimen is subjected to a constant tensile force, corresponding to a stress
lower than the yield stress. The specimen is then immersed in a specified liquid.
Preferred test temperatures 23 ±1 and 55 ±0.5°C otherwise 40, 70, 85, or
100 ±0.5°C.
The time to failure at a specified stress is recorded or the stress which leads to a failure
after 100 h is determined.

ASTM D 1693 "Standard test methodfor environmental stress cracking ofethylene
plastics" (Bell test) [7]
This standard describes determination ofESC of test specimens exposed to a high initial
stress which is reduced when the material relaxes in the course of the test.
The rectangular test specimens are notched at the centre and parallel to the long side of
the specimen. The specimen is then bent, clamped into the test rig and exposed to the
test environment.
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•
•

Test temperatures 50 and 100 ±0.5°C.
Test duration 48 h or more extended times.

BS 4618 Subsection 1.3.3 "Environmental stress cracking" [2]
BS 4618 Subsection 1.3.1 11 Staticjatiguejailure 11 [8]
These standards may be used for determining stress cracking of plastic materials.
-

Notched and unnotched test specimens can be used.
A constant tensile stress is applied to the test specimen.

[8] is also discussed in Chapter 5.2.2 "Existing test methods" (fatigue).

7.1.3 Recommendations
Since there is no work concerning stress cracking in either of the CEN committees at present,
it is important that this issue be discussed in the joint working group. Stress cracking is an
important factor to be dealt with in the CEN work. Especially polyethylene, which is a
common material in geomembranes, is especially sensitive to stress cracking.

7.1.4 Need for research
A test method better suited for determining the ESC resistance of geomembranes, especially
seams or the material in the vicinity of seams. See also further discussion in Chapter 9 .1.4.
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8.

AGEING TESTS

8.1

Heat ageing

8.1.1

Work in CEN

The work on geomembranes is being carried out in JWG TC 189/TC 254 "Geomembranes"
and is coordinated with other relevant TC, in particular TC 254 and TC 189.

CENffC 189 "Geotextiles and related products"
The work on ageing is being carried out in TC l 89/WG5 "Durability of geotextiles".

•

CEN/TC 189/WG5 N94 [l].
Refer to description under thermal oxidation.

CENffC 254 "Flexible sheets for waterproofing"
SCI Bitumen sheets
SC2 Synthetic sheets

•

CEN/TC 254/SC 2 NI 71 Draft for prEN ... "Flexible sheets for waterproofing.
Thermoplastic and elastomeric sheets for roofing. Terminology, requirements and test
methods" [2].
Identical to CEN/TC 254/SC2/WG10 NI [3]. This prEN ... is only at a draft stage.
Clause 7. I2 "Resistance to heat ageing describes a "low temperature test" after ageing. The
ageing test is described in document TC 254/SC2 Nl63, draft for prEN [4]. The work on
the standard is being handed over to TC 254/SC2/WGI0.
The draft prEN describes an oven test:
- ventilated air oven
- temperature 80°C ± 2°C
- time 56 days, alternatively 112 days

8.1.2
•

Existing test methods

ISO 2578: "Plastics - Determination of time-temperature limits after exposure to prolonged
action of heat" [5].
The method describes determination of the temperature limit (temperature-index). The
temperature is determined, where e.g. 50% change in one chosen characteristic is reached
after 20,000 hours of exposure. The ageing test is carried out in an oven.
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•

ASTM D 3045: "Standard practice for Heat Ageing of plastics without load" [6].
The method describes an oven test, where the test parameters are given for an exposure
time of 9 to 12 months. The results are plotted in an Arrhenius plot.

•

ASTM D 573: "Test Method for Rubber - Determination in Air Oven" [7].
Tensile test specimens are oven aged at 80°C for 15 days, 1, 2, 3, 4 and 6 months, and the
tensile resistance is measured afterwards.

•

DIN 50035, Part 1: Terms and definitions used on ageing of materials; basic terms and
definitions [8].

•

DIN 50035, Part 2: Terms and definitions used on ageing of materials; examples
concerning polymeric materials [9].

•

SPF 2000/2001, 2nd Edition: "Air and vapour barrier ofLDPE - Requirements and test
methods" [10].
The method describes a heat ageing test ofLDPE film in basic media (in contact with
humid concrete blocks). The test is carried out in an oven for 24 weeks and at 90°C, which
corresponds to 50 years of use.

•

DIN 16726: "Plastic roofing and plastic sheet for waterproofing, testing" [11].
Subclause 5 .13 .3: Ageing test 7 days at 80°C ± 2°C.

8.1.3

Recommendations

Ageing tests should be used to determine the stability of the materials under the given service
conditions, e.g. temperature and time.
The CEN methods are simple tests which can be used for quality assurance in the case of
certain materials. A method should be developed which can be used for predicting the lifetime
of the relevant materials.
Some of the existing methods can be used as templates for development of similar standards.
SPF2000/2001 is a specific method for air and vapour barriers of LDPE and uses Arrhenius'
principle to predict lifetime. ISO 2578 and ASTM 2578 are methods which describe general
principles in heat ageing testing and prediction of life-time.

8.1.4 Need for research
Development of methods for predicting the lifetime of all the relevant materials are needed.

36

8.2

Weathering

8.2.1

Work in CEN

CEN/fC 254 "Flexible sheets for waterproofing"
TC 254/WG 9 has been working on a draft for a weathering test for geomembranes in
collaboration with TC 189/WG5. The work has now probably been handed over to the new
TC 254/SC 2/WG 10.
Document CEN/fC 254/SC 2/WG 10 Nl, "Flexible sheets for waterproofing -Thermoplastics
and Elastomeric sheets for roofing - Terminology, requirements and test methods":
Subclause 7.17, "Resistance to artificial weathering" [12] refers to subclause 8.16 of CEN/TC
254/SC 2 N104.
This document refers to a weathering test according to ISO 4892-1981. There are plans for
prEN 1297-2 and/or 1297-3 covering the synthetic membranes. The work will probably be
carried out by the new CEN/TC 254/SC 2/WG 10.

8.2.2

Existing standards

•

ISO/DIS 4892: "Plastics - Methods of exposure to laboratory light sources" [13].
Part 1: General guidance
Part 2: Xenon arc
Part 3: Fluorescent UV lamps
Part 4: Open flame carbon arc lamp

•

ASTM D 2565: "Practice for Operating Xenon Arc Type Light Exposure Apparatus. With
or Without Water for exposure of Plastics" [14].

•

ASTM D 1499: Carbon Arc. "Practice for Operating Light- and Water-exposure Apparatus
(Carbon-Arc Type) for Exposure of Plastics" [15].

•

ASTM D 4587: Fluorescent UV. "Practice for Conducting Test on Paints and Related
Coatings and Materials Using a Fluorescent UV-Condensation Light and Water Exposure
Apparatus" [16].
The three ASTM standards describe practice for operating light-exposure apparatus for
exposure of plastics and related materials.

•

DIN 53387: "Testing of plastics and elastomers; weathering in apparatus; exposure to
filtered xenon-arc radiation and periodic wetting" [17].
There are several product standards with requirements and test methods for geomembranes
which are regulated by national authorities.
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In Germany:
•

DIN 16726: "Plastic roofing sheets and plastic sheets for waterproofing; testing" [18].
Subclause 5 .17 describes a UV test:
- UV test according to DIN 53387, cycle B
- Total irradiance 4500 MJ/m2

In Denmark:
•

DIF Recommendation for Sanitary Landfill Liners (DS/R 466).
Subclause 8.2.2.11 "Weather resistance" [19].
- Xenon test according to ISO 4892-1981
- Black panel temperature 45°C ± 2°C
- Cycle 17 min of light and 3 min of water spraying and light
- Time I, 000 hours

In USA:
•

National Sanitary Foundation, NSF number 54.
Part 9: "Accelerated Weathering Test" [20].
The test is an outdoor test using EMMAQUA exposure apparatus. The effect of the
exposure is checked against a rating table for evaluating the size of the crazes.

8.2.3

Recommendations

The existing methods and CEN methods under development for running UV weathering tests
are all recommended, especially ISO/DIS 4892. The methods do not cover prediction of
lifetime.

8.2.4

Need for research

UV weathering test to determine the life-time of the geomembranes under UV exposure.
The methods should describe the correlation between natural weathering and accelerated
weathering or propose testing conditions depending on the use of the geomembrane.
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9.

DETECTION AND INVESTIGATION OF LEAKS AND SEAMS

Critical to the success of a geomembrane-lined facility is the integrity of the seams of the
geomembrane. There are two basic types of quality control tests that must be carried out to
ensure the integrity:
1. Destructive testing of both factory and field seams. This type of testing would require
repair of the seam. Samples would be cut out from sections of the seams at a
predetermined frequency in order to conduct various physical tests and chemical analysis.
2. Non-destructive testing or impection performed on 100 % of the actual seam, such testing
would be on intact seams and would involve no damage to the seams.

9.1

Destructive tests

9.1.1 Work in CEN
CEN/TC 254 "Flexible sheets for waterproofing"
CEN/TC 254/SC 2 Nl 60 [1].
The document specifies methods for the determination of the strength ofjoints in new
thermoplastic or elastomeric sheets for waterproofing.
[1] covers the determination of:
shear properties ofjoints
peeling properties ofjoints
Number and shape of the specimens, temperature and humidity conditions are described.
[l] refers to the following additional standards :
EN..... l 99X : "Flexible sheets for waterproofing.
Determinations of non-axial tensile properties. Part 2 : Thermoplastic and elastomeric
sheets" (This standard is probably yet not complete).
ISO 6133 : 1981, "Rubber and plastics analyses ofmultipeak traces
obtained in determinations of tear strength and adhesive strength".
The first of these two standards will probably be quite similar to an existing ISO standard (ISO
1184 - [2]) which has been used until now in Scandinavia in the destructive testing of seams.
From [ 1] it does not appear that the corning CEN standard will contain requirements on the
results from the destructive test.

9.1.2 Existing test methods
Shear and peel tests are commonly used. ASTM D 4545-91 [3] and ASTM D 4437-88 [4]
describe these tests on factory seams [3] and field seams [4].
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In an EPA report [5] there is a description of a shear test procedure which leads to the
determination of the weld-factor, which is the ratio of the strength of a seam to the strength of
a membrane without seam. [5] states that the factor should be ~0.9 for HDPE and ~0.7 for
PVC.
[5] also states that "For seams tested in a shear mode, failure forces of 80 to 100 % of the
unseamed sheet strength are usually specified. For seams tested in a peel mode, failure forces
of 50 to 80 % of the unseamed sheet strength are often specified.
These percentages underscore the severity of peel tests as compared to shear tests.
For assessing seam quality, the peel test is preferable".

In IGS [6] Part : "Destructive testing of geomembrane seams : Shear and Peel testing of seam
strength" the authors - H.Haxo and L.Kamp state that :
"Even though these tests, combined with I 00 % non-destructive testing and inspection, satisfy
a necessary condition for an initially nonleaking seam, they do not satisfy a sufficient condition
for the long-term durability of the seam ; neither do these tests indicate the seam strength at
elevated temperatures or on long-term exposure in a waste environment".
In [6] Part: "Destructive Testing of polyethylene geomembrane seams: Various methods for
evaluating seam strength" the author - J.Peggs states :
"With the incidence of a limited but significant number of HDPE geomembrane liner failures, it
is essential that as much durability data as possible be extracted from conventional seam peel
and shear destructive tests. This can be done by the measurement and monitoring of shear
elongation and peel separation parameters, in addition to typically measured peel and shear
strength values".

GRI [7] describes a method to evaluate the sensitivity of HDPE geomembrane sheets and
seams to stress cracking. The test results show that the geomembrane sheets can resist stress
cracking much better than the seams.
To avoid and/or remedy the stress cracking phenomenon in HDPE geomembrane seams,
further research should be conducted. However, [7] concludes that there is no standard
laboratory test method for stress cracking of seams and "we feel that one is very urgently
needed".
Rilem report 4 [9] Part 4 : "Non-destructive and destructive seam testing" A.Rollin, D.Fayoux
and J.Benneton state that "data obtained from shear and peel tests should be used with care
and in many cases these tests must be supplemented by microscopic analyses to evaluate
proper quality of welds and detect changes in the polymeric structure (unbounded areas, brittle
failures and slow crack growth phenomenon) In the future, a better quality control test will
have to be developed".
Reference [10] : "Geosynthetic World "Determination and investigation of leaks in
geomembrane liners" seems to be a important document.
From the author - Dr. Ian Peggs - we quote :
"In a survey of membrane installations, there were 26 holes per 10,000 m2 ofliner area,
and of these, 69 % occurred in the seams".
11

Stress cracking is a brittle fracture phenomenon which can occur at
constant applied stresses lower than the yield or break stress of the material.
Stress cracking is predominantly observed on the side slopes of uncovered liners and
generally occurs in cold weather when the liner has contracted. Stress cracks are
commonly initiated where the original seam has been repaired".

41

"The acceptance ofHDPE geomembrane seams should be based on:
Shear strength
Shear elongation
Peel strength
Peel separation"
"One of the major factors contributing to stress cracking is overheating of the seam during
installation".
"If rupture occurs in the geomembrane in a little or low elongation manner and not a
ductile manner, it indicates that the seaming process has severely affected the durability of
the geomembrane".

9.1.3 Recommendations
Destructive tests must be used in the future, and the Scandinavian countries should support
creating a CEN standard for the determination of shear and peeling properties ofjoint. A part
of this standardisation work should be the development of criteria for the test results.

9.1.4 Need for research
In the Nordtestprosjekt 991-91 [8] a comparison was made between destructive and non
destructive test methods on membrane seams. One of the conclusions was that "there is a need
for further consideration on what the acceptance criteria should be for peel testing. The results
from the mechanical tests proved that it is hard to achieve the 75 % of yield or breakage
strength level". This conclusion from the N ordtestprosjekt in 1991 is in accordance with the
recommendations in 9 .1.3.
Destructive short-term tests measuring shear and peel strength of seams during production or
installation time give an indication of the strength and condition of the seam at the time of the
sampling. These short-term tests must be developed in the future and should be supplemented
to take into account knowledge of stress cracking - references [6], [7], [9] and [10]. We also
refer to Chapter 7. In addition, there is a need for methods for determining the effects of long
term exposure of seams to various environments both in the laboratory and in the field.
Correlation with results from short-term tests would be of great interest.

9.2

Non-destructive tests

9.2.1 Work in CEN
As far as we know, there is no work in progress in CEN concerning this subject.

9.2.2 Existing test methods
Many such methods have been developed. These are :
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Visual observation
The detection of cracks, unbonded areas and burned areas can in some cases be detected
by visual observation.
Dansk Teknologisk Institut has worked out "Criteria for visual examination ofjoint plastic
membranes". These criteria are used in Scandinavia and are considered to be a very
important tool. The criteria were tested in the Nordtestprosjekt 991-91 [8].
Ultrasonic Impedance Plane test
A well-bonded weld possesses a certain acoustic impedance different to that of a weld
with an unbonded area.
A continuous wave of 160 to 185 kHZ is transmitted through the seam by mean of a
transducer in contact with the geomembrane and a characteristic dot pattern is registered
on a monitor. The location of the dot pattern on a screen indicates the quality of the weld.
Under field conditions, this technique has not been favoured.
The ultrasonic shadow test
In the test, two roller transducers are used. One sends a signal into the upper membrane
and the other receives the signal from the lower membrane on the other side of the seam.
The technique can be used for all types of seams, even those in difficult locations, such as
around manholes.
Mechanical point stress
Unbonded areas can be detected by sliding a blunt tool along the edge of
a weld. The method is described in ASTM D 4437-84 and ASTM D 4545-85. The tool
can easily lift unbonded areas of thin geomembranes but cannot detect unbonded areas
within the width of a weld.
Air lance test
The air lance technique detects unbonded areas using air. The method is described by
ASTM D 4437-84 and ASTM D 4545-86. Air is blown through a nozzle and is applied
along the edge of the weld in an effort to lift unbonded areas. This technique cannot detect
an unbonded area within the width of a weld and is not used extensively with stiff HDPE
geomembranes.
Pressurised dual seam technique
This method establishes an air pressure in the channel of a double weld seam. A leak is
detected if pressure cannot be established or held at the original value. A leak can be
detected from the noise originating from the escaping air or by bubbles along a soaped
seam.
This technique allows rapid testing of a good quality seam.
Acoustic sensing is used in conjunction with the dual seam technique.
This is an effective method of locating a leak if air pressure is not maintained.
Vacuum chamber technique
This test is performed by applying a vacuum to a soaped section of a seam. The vacuum is
applied through a chamber equipped with a vacuum gauge, a clear glass view panel in the
top and a soft rubber gasket on the periphery of the open bottom.
This technique is used extensively and is described in ASTM D 4437-84 and ASTM
4545-86.
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Ultrasonic pulse echo technique
This test is performed by forcing a high frequency sound through a seam overlap to detect
discontinuities. The principle of this method is fairly similar to the Ultrasonic impedance
plane test. The technique is described in ASTM D 4437-84 and ASTM D 4545-86.
Electric field method
The electric field method actually evaluates the entire facility, i.e. the geomembrane seams
and the geomembrane sheets. The method is based on the premise that a geomembrane
liner is an effective electrical insulator, and that if an electrical potential is applied across
the thickness of a membrane, the only way a current can flow is through a hole in the liner.
If this happens, the hole can be located.
The technique is available for locating leaks in lining systems that contain conductive
liquids or are covered with moist soil.
High voltage technique
A continuous metallic tape or wire is inserted between the two sheets to be bonded. A
high voltage current is applied at the end of a metallic conductor and the set point is
slowly moved along the seam. Any leakage can be detected by sparking.
High voltage electrical brush
This method uses the same principle as the high voltage spark technique. No metallic strip
or wire is inserted between the two sheets since the seams are laid on an ground. Any
leakage through the seams or holes in the sheets can be detected by sparking from a
metallic brush.

9.2.3 Recommendations. Need for research.
Many non-destructive tests are available, some of which are in use in Scandinavia. There
should be no special problem with the described tests due to our climate and geology.
however we recommend to make international standards of the non-destructive tests.
Criteria for visual examination ofjoints in plastic membranes are a very important tool since
they make it easy to examine an installation with many seams.
There is a need for research in order to develop these criteria and thereby improve them.
Results from different test methods, both destructive and non-destructive, should be compared
in future research work.

9.3
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10.

PLAN FOR FUTURE WORK IN NORDTEST

In this project standards and test methods have been invented and evaluated and an inventory
of the CEN work has been carried out. Until now, work in CEN has mostly concentrated to
geotextiles or materials for roof construction. Work on geomembranes in TC189/254 JWG has
started and there will be requirements for test methods not handled by TC 189 or TC 254. For
this reason, the authors of this report recommend that Nordtest take part in work that can be
linked to the CEN work. It is also important to establish standards for predicting the lifetime of
relevant materials used in geomembranes. There is a need for research in this area.
The table sets out different stages for different test methods and also the authors' view of the
most important tasks for Nordtest. Various comments on these methods are given in this
chapter and further details can be found in previous chapters.
The chemical resistance and long-term durability of geomembranes are very important areas
for future investigations in Nordtest and CEN. The present Nordtest project "Durability of
geomembranes" (Project No. 1163-94) is only one step and further efforts should be made to
develop accelerated test methods for predicting the long-term durability of geomembranes.
Mechanical effects can be simulated with methods such as the puncture test. A number of
existing test methods may be useful. A round robin test would be of great interest. Both failure
modes, static and dynamic puncture require an assessment of long-term onsite performance
against the results from short-term laboratory tests.
Damage during installation is another important item. The work in CEN is generally suitable
for providing basic data on the short term behaviour of geomembranes during the installation
process. The geomembranes are usually tested as single layers but a standard testing procedure
should be established which involves multi-layer structures.
Concerning temperature instability there is a special need for the Nordic countries to find a
standard testing procedure for assessing the effects of temperature, especially freeze-thaw
cycles. This work should be developed in connection with the work in CEN TC 189/254 JWG.
There are methods that can be used to determine thermal stability. The methods are relevant in
quality assurance, but they do not provide a method for predicting the lifetime of
geomembranes of PVC.
Standards will be produced for heat ageing and weathering. These may be used for quality
assurance, but methods should be developed for predicting the life-time of the relevant materi
als.
Further work on the determination of shear and peeling properties ofjoints are recommended.
Stress cracking of geomembranes, especially seams and the material in the vicinity of seams, is
an important issue and should be taken into account. The working group dealing with stress
cracking in TC 254 has been discontinued and no documents are available. In addition,
methods are required for determining the effects of long-term exposure of seams to various
environments both in the laboratory and field. Correlation with results from short-term tests
would be of great interest. Further research and development of the "Criterias for Visual
Examination of Joints in Plastic Membranes" are also strongly recommended. These criteria
has been tested earlier in NORDTEST Project No. 991-91.

Test method

Produce a
standard

Round
robin test

Need for
research

Existing valuble test met.

Work in CEN

Work suggest
to Nordtest

Chemical effects
Chemical resistance
Permeab. to liquids and gases
Biological effects
Biological degradation
Rodent resistance
Root resistance
Mechanical effects
Abrasion
Fatigue
Puncture
Damage during installation
Temperature instability
Friction
Bursting
Thermal effects
Thermal oxidation
De-hydrocloration
Stress cracking
Environm. stress cracking
Ageing tests
Heat ageing
Weathering
Leaks and seams
Destructive tests
Non-destructive tests
Note. Many of the existing test
methods are valuable to have an
indication on the durability; but
there is a need for research to
establish standards for predicting
the lifetime of relevant materials
used in geomembranes.
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