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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 1SO, also take part in the work. ISO collaborates closely with the International Electrotechnical

Commiss

ion (IEC) on all matters of electrotechnical standardization.

The main task of technical committees is to prepare International Standards, but in exceptional circumstances a

technical

committee may propose the publication of a Technical Report of one of the following types:

— type

1, when the required support cannot be obtained for the publication of an International Standarf, despite
repepted efforts;

e|2, when the subject is stiif under technical deveilopment or where for any other reagon there is fthe future
but not immediate possibility of an agreement on an International Standard;
ype|3, when a technical committee has collected data of a different kind from thatdwhich is normally jpublished
as ap International Standard (“state of the art”, for example).

Technice:’ Reports of types 1 and 2 are subject to review within three years of\publication, to decide wh¢ther they
can be fransformed into International Standards. Technical Reports of type 3 do not necessarily hdve to be
reviewed|until data they provide are considered to be no longer valid or useful.

Technical Reports are drafted in accordance with the rules given in the'ISO/IEC Directives, Part 3.
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Foreword

This draft CEN Technical Report has been prepared by CEN/TC 189 "Geotextiles and
geotextile-related products" the secretariat of which is held by IBN. It is now submitted to the
CEN/BT for approval.
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1 Scope

This guide is intended to introduce the reader to the basic concepts of geotextiles durability

L
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and its assessment. Consideration

0
geotextile properties leads to the definition of the appropriate tests to be performed for

aqqpeemn the du uhg!jty of the

design parameters, the project conditions and the

3
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Geotext

wide rapge of compositions appropriate to different applications and environments. (Thd
synthetic polymers used consist mainly of polyamide, polyester, polyethylené.~ang

polyproy ylene. These materials, when correctly processed and stabilised, are resistant id

chemicgl and microbiological attack encountered in normal soil environments and for norma

a minimum number of screenin
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dpcmn lives. For such nnnlgr\ntmnc nnl;

necessdry.

For applications in more severe environments such as soil treated, with' lime or cement, landfilld
or industrial waste, or for applications with particularly long design lives, special tests including
"performance"” tests with site-specific parameters may be required.

This gulde does not cover products designed to survive for a limited time, such as erosion
control fabric based on natural fibres, nor does jt-Cover geomembranes, nor geotextiles fof
asphalt feinforcement. Creep and creep-rupture;*which should be taken into consideration for
soil reinforcement applications, are described in outline but the use of the data in reinforced soi
design Will be the subject of a separate decument.

2 Normative references

ENV 1897 Geotextiles and geotextile related products -  Determination of |the
compressive creep properties

ENV 12224 Geotextiles and geotextile related products - Determination of the resistapce

fr\ \nlgafhnwnn
LA L IEAYA N |v

ENV 12225 Geotextiles and geotextile related products - Method for determining the
microbiological resistance by a soil burial test

ENV 12226 Geotextiles and geotextile related products - General tests for evaluation
following durability testing
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ENV 12447 Geotextiles and geotextile related products - Screening test method for
determining the resistance to hydrolysis

EN ISO 13431 Geotextiles and geotextile related products - Determination of tensile creep
and creep rupture behaviour

EN ISO 13437 Geotextiles and geotextile related products - Method for installing and
extracting samples in soil, and testing specimens in the laboratory

prENV ISD 13438 Geotextiles and geotextile related products - Screening test method f{or
determining the resistance to oxidation

ENV ISO|12960 Geotextiles and geotextile related products - Screening 'test method {or
determining the resistance to liquids

ISO 10318 Geotextiles - Vocabulary

3 Definitions

3.1 Durability

When a geotextile is used in a civil engineering:structure, it is intended to perform a particular
function fpr a minimum expected time, calléd the design life. Any application may require one
or more functions from the geotextile. . The five functions defined in ISO 10318 are drainage,
filtration, protection, reinforcement dnd separation. Each function uses one or more properties
of the geotextile, such as tensile) strength or water permeability. These are referred to as
functional properties.

Assessment of the durability of structures using geotextiles requires a study of the effects of
time on the functional properties. The physical structure of the geotextile, the nature of the
polymer used;. the manufacturing process, the physical and chemical environment, the
conditiong of storage and installation, and the different loads supported by the geotextile are all

parameters which govern the durability. The main task is to understand and assess the
evolution of the functional properties for the entire design life. This problem is quite complex
due to the combination and interaction of numerous parameters present in the soil environment,
and to the lack of well documented experience.

This guide is only intended to cover the durability of the materials; the durability of the
geotechnical structure as a whole should be treated separately.
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The object of the durability assessment is to provide the design engineer with the necessary
information (generally defined in terms of material reduction or partial safety factors) so that the
expected design life can be achieved with confidence.

3.2 Available and Required Properties

Functional Property

_ Available property
10q% je——. L Required property
Material ! \
Behavxour: ! Safety on Material
' . at end of Design Life
LTt
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' t Anticipated

Physical and Chemical Ageing Desngvn L]fe
End of Life:
Failure of
the Function

Fig. 1: [Typical available and required values of a functional property as a function of
time

It is firs] necessary to differentiate;between the available and required values of a functional
property} Figure 1 is a schematic reresentation of the evolution of the available property of a
material[as a function of time, Jas represented by the upper curve on the graph. The functional
propertylmay be a mechanical property such as tensile strength or a hydraulic property such as
permealjility. Along«he’time axis is indicated the events that happen between manufacture of
the prodlct and the‘end of product life. The lower curve represents the changes in the required
property| during- these different and successive events. The shape illustrated applies to

mechanicalstrength but would not be very different for a hydraulic property. One can see that

after the loading phase, usually by the end of construction, the property required is considered
to be constant and equal to the level defined by the design. In some applications the required
level may change after a certain time, for example in the construction of a wall or increased
water flow in a drain, in which cases the effect of these changes on durability should be
assessed.

In the following sections the two curves are examined in more detail, using as an illustration the
tensile strength of a geotextile in a reinforcement application.
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3.3 Required Property

During the first period of product life, a minimum strength is needed to resist handling and
transportation loads. Once on site, placing and compaction of the backfill may for a short time

require a

strength higher than that required for the design life. After installation and as

construction progresses, the applied loads increase until they reach a peak .

The requir

ed tensile strength is estimated by means of empirical calculation methods. As

recognise
loads: we
loads are
stresses 3
the calcu
constant

factors ar

appropriale

3.4 Avails

At any tin
strength.

various m
at any tim

A new pr
standard.
may be a

e not the subject of the present document.

[0 by most codes, there are uncertainties in the intensities and effects of the applied

ghts, surcharges, earth pressure. To cover for these uncertainties, the calculated
multiplied by a first series of partial safety factors (or load factors). The calculated
re then multiplied by a second partial safety factor to cover the relative inadequacy of
ation model. This calculation defines the maximum design load deemed to be
hroughout the entire design life. The design method and the définition of safety
Reference should’ be made to the

Eurocode.

ble Property

e, the tensile strength required by the design should be smaller than the available
The evolution of the available product property‘with time is complex, and arises from

bchanisms.  These should be analysed in order to ensure sufficient available strength
B, in particular at the end of the anticipated design life.

pbduct exhibits a 'short term' or ‘initial' property as defined by a set measurement
Depending on the level of quality control and quality assurance, a reduction factor
pplied to cover variations dnithe initial property. During storage and installation, this

property npay change due to weathering and mechanical damage.

The exte
contact wi

Installation
on system

and damaj

long-term
behaviour
research.

After installation, the operating life of the structure starts.

t of the mechanical’ldamage depends on the product, the nature of the materials in
h the geotextile, the equipment used and the care provided by the operator.

1 reduction factors should be considered for each product and typical backfill, based
atic tests. A simple reduction factor equal to the ratio of the strengths of undamaged

strength.

Surface scratches or cracks may not significantly alter the short-term
but could lead to a reduction in long-term rupture life. This is still a subject of

Results should be interpreted prudently.

During the operating life the

geotextile is subjected to chemical, biological or physical actions due to the soil, its constituents,
and its air, water and organic content. The typical degradation mechanisms of the polymers
used to manufacture geotextiles will be reviewed in the next section. The reduction in strength
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may be due to loss of mass, for example due to erosion of the surface, or to chemical
modification, and should be taken into account by specifying reduction factors.

In addition to the effect of the soil and its contents, the time to failure of the geotextile can also
diminish due to the level of the applied load: the greater the applied stress, the shorter the time
to failure. This is a particularly important phenomenon that will be described in 5.4.1. Thus
there is an interaction between the required property and the available property. There is no

absolutp-available-property-eurre-

Obtaining the property curve is not an easy task. Temperature plays a major rolé.in all

—

degradation mechanisms and in mechanical behaviour (creep and rupture). Thé’tesults o

o=

short-term accelerated tests, often using high temperatures as a means of aeceleration an
lasting for one year or less, need to be related to long-term design life. .This extrapolatio

=4

assumgs that the degradation mechanisms are the same at both test and service temperatures
and ovgr the entire design life of the structure.

Precautions should be taken to ensure that no transition, such<@$s'a change in the state of the
polymer or of the geotextile, occurs during the design life<erin applying accelerated testingd,
unless fhat transition is fuily understood and taken into account in the extrapolation.

Failure |implies that the geotextile can no longer; Pperform the function for which it is being
applied] For example, if the function is filtration, a greater reduction in mechanical strength ma
be accgptable than if the function is reinforcement.

-

Partial safety factors are required to describe the various degradation mechanisms (eg ligh
intensity, chemical concentration)-~These factors are listed in 7.9.

The testing techniques and-the assessment methods for estimating the property curve will bg
presentpd and discussed' in later sections. As described in 7.1, index test methods ard
intendedl to ensure’/a”minimum level of durability and do not constitute a comprehensive
assessipent precedure. Where this is needed it will be necessary to carry out furthe
performianceitests more closely related to service conditions. These tests may also include

investigptions on samples extracted from sites where the same product has been used fo

several years in a similar environment. The procedure is described in prEN ISO 13437. As in
other fields of engineering, confidence in the durability of geotextiles can only be expected to
develop gradually as the technology matures and the results of long-term service experience
accumulate. Examples of experience to date are described in clause 6.
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3.5 Design Life

The design life is specified on the time axis. It is set by the client and is decided at the design
stage. The codes generally propose several fixed durations according to whether the structure
is meant for short-term use (typically a few years and not exceeding 5 years), temporary use
(around 25 years) or permanent use (50 to >100 years). The nature of the structure and the
consequences of failure may influence this duration (example: 70 years for a wall, 100 years for

an abutment).

Many geotextiles have a temporary function although the structure is

permanenlt, for example an embankment over a weak soil may require a geotextjlé

reinforcen
designer
failure is
property td
This can 3
in service

ent until the embankment has settled. At the end of the anticipated design life, the
nas to ensure a certain safety level (generally also indicated by codes), such that
bredicted to be well beyond the design life. The ratio of the predicted,available
p the predicted required property represents the total safety factor for that component.
Iso be expressed in terms of the time to reach failure if the geotextile were to be left

after the end of design life. These two representations of safety;the ratio of required

and availgble property at the design life, and the ratio of the predicted(@nd of life to design life,

should be
of safety t

considered together because in combination they give @ better idea of the real level
nat exists.

.3.6 End of Life

End of life
property ¢
if the exp¢

is the point on the time axis where the available property curve meets the required
rve. At this point the product is predicted to fail. Residual service may remain either
cted loads are overestimated, orif.they imply a combination of degradation

mechanisis that may not all have reached their maximum values. Whatever the case, beyond

that point

bn the graph the possibility, of failure is high.

3.7 The dyrability study

The desig
follows:

The desig

I and durability assessment of a structure using geotextile can be summarised as

N consists of:

defining the function of the geotextile

making the inventory of loads and constraints imposed by the application
defining the design life of the geotextile

quantifying the required properties of the geotextile (eg strength, permeability)

defining the quality and quantity of the geotextile material needed

© 180
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* making sure that the estimated available properties at the end of the design life are
greater than the required properties; the factor of safety for the material being the
following ratio:

Available properties at the end of design life

factor of safety = - - -
Required properties from loads and constraints

The factor of safety should be greater than unity.

The durpbility study consists of:

¢ listing significant environmental factors (see clause 5)

¢ defining the possible degradation phenomena with regard to the selected-materials
and the environment

¢ estimating the available property as a function of time

¢ supplying the designer with suitable reduction factors or‘available properties at the
end of their design life.

Details are given in clause 7.

4 Constituents of Geotextiles
4.1 General

The durability of a geotextile depends upon the basic polymer from which it is made, on any
additivep compounded with it, onithe polymer microstructure, fibre geometry and fabric layout.
The geaqtextile should be chémically and biologically resistant if it is to be suitable for long term
applications.

The polymers usedto-manufacture the geotextiles are generally thermoplastic materials which
may be amorphous'or semi-crystalline. An amorphous polymer has a randomly coiled structure
which af the glass transition temperature T4 undergoes significant change: from a stiff, glassy

brittle r¢sponse to load below the glass transition temperature to a more ductile, rubbery

response above Ty. Most polymers used in geotextiles are semi-crystalline, that is they contain
small well-oriented, closely packed crystallites alternating with amorphous material. Since the
change in behaviour only affects the amorphous regions, the glass transition is less marked for
a semicrystalline polymer. At a higher temperature, however, the crystallites melt, which
produces an abrupt change in properties. In civil engineering applications polyesters are used
below their T, while polypropylene and polyethylene are used above T, Any acceleration of
laboratory tests crossing a transition such as T should be regarded with caution.
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Any polymer, whether amorphous or semi-crystalline, consists of long chain molecules each
containing many identical chemical units. Each unit may be composed of one or more
monomers, the number of which determines the length of the polymeric chain and resulting
moiecuiar weight. Moiecuiar weight can affect physical properties such as the tensile strength
and modulus, impact strength and heat resistance as well as the durability properties. The
Al ArAan

P s dlan Llemin s vasidbaion  on
mechanical and phy ical propert ties © oy tne ponds within and

between chains, chain branching, and the degree of crystallinity.

The orientLation of polymers by mechanical drawing to form fibres and filaments results in higher
tensile prqperties and improved durability. As the molecules become more oriented, the fibres
become gironger. The crystaiilites are retained and the ratio of crystalline regions and
amorphous regions should be properly balanced to produce the physical properties -necessary

fAr fihraa in t

i i ~A Ad i~
for fibres lised in geo rientation and associa aher

Av\l\ lamAla
associated higher density leads to

higher enyironmental resistance.

Crystallinity has a strong effect on polymer properties, especially thé mechanical properties,
because the tightly packed molecules within the crystallites resulfs)in dense regions with high
intermoleqular cohesion and resistance to penetration by chemicals. An increase in the degree
of crystallipity leads directly to an increase in rigidity and yigld-or tensile strength, hardness and
softening point, and to a decrease in chemical permeability. Neighbouring crystallites may be
connected by single molecules running through thezamorphous regions, which under tension
become taut and make a significant contribution to the mechanical behaviour. These 'tie'
molecules|are, however, susceptible to chemical attack.

Durability fnay also be influenced by fibre thickness, and the volume to surface ratio. Some
means of |degradation, such as oxidation and UV-exposure, are dependent on surface area,
while othefs such as diffusion and-absorption are inversely related to thickness.

4.2 Individual Polymer, Types

The polymers used)in geotextiles are described below and three of their most important
physical pfropefties are listed in Table 1. The most commonly used are polypropylene and

polyethylené:

Polypropylene (PP) is a thermoplastic long chain polymer. PP is normally used in the isotactic
stereoregular form in which propylene monomers are attached in head-to-tail fashion and the
methyl groups are aligned on the same side of the polymer backbone. PP has a semi-
crystalline structure which gives to it high stiffness, good tensile properties and resistance to
acids, alkalis and most solvents. It is possible for the tertiary carbon to react with free radicals,
so that stabilisers are added to prevent oxidation during manufacture and generally to improve
long term durability, including weathering.

©I1SO
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Polyethylene (PE) is one of the simplest organic polymers. It is used in its low density form
(LDPE), which is known for its excellent pliability, ease of processing and good physical
properties, or as high density polyethylene (HDPE) which is more rigid and chemically resistant.
PE can be stabilised to increase its resistance to weathering. Certain grades can be
susceptible to environmental stress cracking.

Polyesters are a group of polymers. The type used most frequently in geotextiles is

polyethylene—terephthalate—(P
dialcohgl. Since it is used below its Ty, PET offers good mechanical properties, including a-toy
creep sfrain rate, and good chemical resistance to most acids and many solvents. The-estef
group, the important polymeric link, can be hydrolysed very slowly in presence of.Water, ang
more rapid attack occurs under highly alkaline conditions. As with other polymers PET is
sensitive to weathering.

Polyvinylchloride (PVC) is the most significant commercial member of ‘the family of vinyl-baseq
resins. [PVC is the most versatile of all plastics because its blending-¢apability with plasticisers
and other additives allows it to take up a great variety of farms. Plasticisers are used in
quantitigs of up to 35% to create more flexible compounds, the choice of plasticiser being
dictated by the properties desired. Conversely, PVC abserbs certain organic liquids which havd
a similay plasticising effect. PVC also tends to become brittle and darken when exposed td .
ultraviolet light or heat-induced degradation.

Polyamides (PA) or nylons are melt processable thermoplastics that contain an amide group as
a recurrjng part of the chain. PA offers a combination of properties including high strength a
elevated temperatures, ductility, wear and abrasion resistance, low frictional properties, low
permeability by gases and hydrocarbons, and good chemical resistance. Its limitations include
a tendgncy to absorb moisture, with resulting changes in dimensional and mechanica
propertigs, and limited resiStance to acids and weathering. The PA fibres used in geotextiles
have a T4 of 40-60 °C<which reduces with moisture content.

Table 1
Typical physical properties for polymers used in geotextiles

HDPE PP PET PA PVC

Density, (g/cm3) 0.95 0.91 1.38 112 | 1.3t
1.5
Melting temperature, (°C) 130 165 260 220 to
250
Glass transition temperature, (°C)| -100to | -20to |70 to 80| 40 to 60 | -25 to
-70 -12 100
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4.3 Manufacturing Processes

Geotextiles and geotextile-related products are manufactured using several different processes.

In this section the main processing technologies for the manufacture of geotextiles, geogrids,

geonets, geocells and geocomposites will be described.

Geotextiles include nonwoven, woven and knitted products. All are made of polymers drawn

into fibres

or yarns, which consist of a number of fibres. The different manufacturing processes

lead to ge

For the pr
used. Wq
yarns, mu

The types
geotextile
and mong
stretching

1)
no
2)
3)
an
kn

ptextile products with a wide range of properties.

pduction of nonwoven geotextiles continuous filaments or staple fibres (cut fibres)are
ven and knitted geotextiles are produced using different types of yarn such_as spun
tifilament yarns, monofilaments and film tapes or split film yarns.

of fibres, multiflaments, monofilaments and tapes used in the manufacture of such
5 are produced mainly by a melt spinning process. To produce fibres, multiflaments
filaments the molten polymer is extruded through orifices of.a die, cooled, drawn by
and according to the end use:

laid on a screen to form a planar structure (continuous filament or spun bonded
hwoven);

processed to staple fibres by crifnping and

processed to multi- or monofilaments and winding the filaments after drawing and

staple cutting or
nealing directly on to spools. In the case of multiflament production this technique is

bwn as spin drawing.

Spunbonded nonwovens are contifuous filament nonwovens and are manufactured in a

continuou
geotextile

Staple fib
fibre prod
geotextile

5 process starting with the polymer and proceeding through filament production,
formation and filament bonding in the same line, finishing with the roll of nonwoven.

e nonwoveps are manufactured in a two stage process: the first stage consists of
iction (extrasion and cutting) and the second stage consists of the formation of the
bonding and production of the finished roll.

otantil laoantinuaiia e~ ce vt + 1o wia—altacoa

Woven ge
first stage
weaving e

act b Tk
UTCOAX TTaST WO StTag TSt LI Av]

is the production of the yarn, monofilament or multifilament. The second stage is the
ither to flat wovens (or simply wovens) or knitted wovens (knits).

Film tapes and split yarns are normally only produced from polypropylene and polyethylene.

These products are made by extruding a film, cutting the film into individual tapes and

stretching

them by a uniaxial drawing process. Coarse film tapes are too stiff for further

handling in beaming and weaving, and are therefore fibrillated after the drawing process and

before winding and twisting. These types of yarn are then called split film yarns.

10
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The drawing process is very important in the production of the different types of polymeric
fibres, filaments and tapes. During this process the polymeric chains become aligned along the
filament or tape length and their crystallinity, mechanical properties and durability all increase.
The mechanical properties of the product depend upon the details of the manufacturing
process.

Bonding of nonwoven geotextiles formed from either continuous filaments or from staple fibres

is done rrrechantcatty-byneedtepunching-with—fettimgTreedtes; by thermat (cohesive)bonding
using heat with or without pressure (calendering), by chemical (adhesive) bonding, or, by 3
combindtion of these processes.

The physical structure and properties of the nonwoven products are linked te_the bonding
system.| For example heat bonded wovens and nonwovens (tape film<Wwovens) are thin
productg in which the fibres are oriented in a two-dimensional structufe)* Needle punched
nonwovgns have a three-dimensional structure, the configuration of which may be fixed by a
final thefmal bonding stage.

The strycture of the fabric will contribute to the durability properties, for example thick fibres
and tapgs are less susceptible to weathering. The stabilisation systems applied to improve the
propertigs are therefore adjusted to suit either a nonwoven geotextile of finer fibres, a woven
geotextile or a geogrid.

Extruded geogrids are manufactured from.a_polyolefin sheet containing holes that have been
punched or preformed during extrusion ~The perforated sheet is then stretched either uniaxially
or biaxiglly under controlled conditions of load and temperature to achieve a high level of
moleculgr orientation.

Geonets| are manufactured-typically by an extrusion process in which a minimum of two sets of
strands (filaments) arg-overlaid to yield a three-dimensional product. The openings between
the strands permit in~ptane flow of water or landfill leachate.

Geocomposites:are composed of at least two different geotextiles or geotextile related products

joined together by a process such as bonding, gluing, welding, weaving or sewing.

Geocells are three-dimensional geosynthetics used for soil confinement in erosion control
applications. They are manufactured either by extrusion, HDPE strip welding or geotextile strip
welding.

A detailed description of current geotextile and geotextile related products, and of their
manufacturing processes, is given in Annex A, ref. 1.

1
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Based on many years' experience of manufacturing and the development of quality assurance
procedures, geotextile products are made in such a way that good physical durability properties
are obtained.

4.4 Recycled Materials

It is common practice within the plastics industry to recycle the processed material (in-house
scrap polymer), since it can be considered as comparable to virgin material as long as it is used

in small percentages (less than 10%). Some producers manufacture their geotextiles using

100% pos

Recycled
formulatio

I-consumer recycled polymer, for example reground PET bottles.

materials may originate from various stages of processing following their* original
n, or from subsequent processes such as weaving. The materials may have been

used in sgrvice, whether in the form of textiles or as other products such as\packaging. The

level of ¢
number of
plant.

bntrol over the quality of the material, and thus its durability;~decreases with the
stages and processes it has gone through after leaving theyoriginal manufacturer's

For severg environments and for long-term applications it is advisable not to use post consumer

recycled polymer without proof of its long term durability” The composition of the polymer

should be

4.5 Additi

Additives

assured.

ves and Stabilisers

play a major role in polymer stabjlisation. Typical additives used in the production of

geotextileg are antioxidants and UV stabilisers.

Antioxidar)ts prevent deterioration-of the appearance and of the physical properties of polymers

caused by
generated

the oxidative degradation of polymer bonds. Oxidation is accelerated by the heat
during the manufacturing process. Thus some antioxidants are designed to work

during thel manufacturing process (high temperatures), while others are intended to protect the

geosynthdtic during its subsequent exposure to the environment (low temperatures).

Stabilisati
or by prewv

bn i§ ‘achieved by either providing alternative opportunities for termination reactions,

nﬁng the formation of free radicals and thus infnrruln'ring the chain of reaction. \W.ith

some stabilisers oxidation occurs over a short interval after a long incubation time, while with
others the reduction in properties is a gradual process. This can make the interpretation of
accelerated oxidation tests difficult.

UV stabilisers provide ultraviolet light stabilisation of polyolefins and other polymers by several
mechanisms such as reducing the rate of photo-oxidation, absorbing the light of the critical
wave length or by reduction in the kinetic chain length of the propagation stage of the photo-
oxidation mechanism. The kinetic chain length can be reduced by free radical trapping.

12
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Typical light stabilisers are carbon black, hindered amine light stabilisers (HALS) and UV light
absorbers.

5 Environmental factors that may lead to degradation

5.1 The environment above ground

Ageing of geotextiles above ground is mainly initiated by the ultraviolet (UV) component of solar

radiation, heat and oxygen, with contributions from other climatic factors such as humidity, rair,
oxides pf nitrogen and sulphur, ozone and deposits from polluted air.

The engergy of ultraviolet radiation is sufficient to initiate rupture of the bonds withinithe polyme

—

leading| to subsequent recombination with, for example, oxygen in the air, or initiating mor

W

complek chain reactions. This is a general property of polymers and{is ‘not restricted tp
geotextiles. Additives increase resistance to ultraviolet radiation in—a“variety of ways a
described in 4.6.

"4

The registance to ultraviolet radiation is affected both by the surface temperature of the sampl
and by precipitation, for which reason accelerated weathering tests include control @

I = W

temperature and an intermittent spray cycle. Since natural weathering is both seasonal an

132

variablg, artificial tests have the advantage not only af being able to increase the intensity of th
radiation, but also ensure that the radiation is censtant, controlled and up to 24 hours a day.
The pefformance following accelerated testin@is related to the duration of exposure on site a
describpd in 7.2.

UJ

In mos{ applications geotextiles are.exposed to UV light for only a limited time during storagg,

—

transpgrt and installation and are_subsequently protected by a layer of soil. The need for eithe
short off long term resistanceto weathering therefore depends on the application.

Exposure to UV has peen shown to reduce the subsequent chemical resistance of thin textile

1°2}

but this| has not beg&n observed in geotextiles. In addition, atmospheric pollution and acid raih
may enhance_WV degradation, particularly of PA, for longer exposures above ground. Attack

=

by birds .has been observed during deliberate exposure of specimens during outdoo

weatheting tests

5.2 The environment below ground

5.2.1 Soils

Below ground the main factors affecting the durability of geosynthetics are as follows:

particle size distribution and angularity
acidity/alkalinity (pH) - humates, sodium or lime soils, lime hydration, concrete

13
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metal ions present

presence of oxygen

moi

sture content

organic content

temperature

Adequate specification of the soil is thus essential for proper consideration of the durability of

the geotexti

=Y

Soils as e
1.00m) an
on the locd
mix of we
conditions

Sediments
formed by
0.002 to 6
formed by
and angulg
by any sul

ncountered in Western and Central Europe should be divided into topsoils (0.20--
d underlying sediments. Their nature depends primarily on the underlying rock and
| climate, including the mean temperature and the drainage conditions. ,Topsoil is a
pathered sediments and humus produced by decaying organic material. The

of decay can be aerobic, with oxygen present, or anaerobic.

are deposits of minerals and mostly lack organic material> They are generally
the physical and chemical weathering of rocks. Silt, sand and gravel (particle size
D mm) are formed by physical weathering, while clays {particle size < 0.002 mm) are
chemical weathering. Fills and backfills originate from sediments, where patrticle size
rity is determined not only by the manner in which the sediment was formed but also
sequent industrial processing such as crushing. Sediments can cause considerable

mechanical damage to geotextiles, in fact the exhumation of specimens after a number of years

often show
range of p
size again
the angula

The topsoi
and dry. |
lower level
resultant u

s that this is the only form of degradation that can be identified with certainty. The
article sizes of a soil is measured by sieving and is depicted by a graph of particle
5t percentage by weight. Mechapical damage increases with particle size, and with
ity of the particles. This is described further in 5.3.3.

or sediments can be fully saturated, partially saturated or dry, or intermittently wet
N wetter climates the drainage is principally downwards, drawing soluble materials to
s, while in drierelimates moisture is removed by evaporation at the surface and the
pward movement of the water draws these soluble fractions upwards and deposits

them at the surface../The water content of an unsaturated soil is described by the local relative

humidity.

The temperature of the soil is constant (to within + 0.5°C) only at a depth of 10 m or more. lts

value is then equal to the annual average atmospheric temperature at the surface. Daily and

seasonal variations occur with decreasing intensity as the distance from the surface increases.

For examp

le, the daily variation in atmospheric temperature and solar radiation is felt to a depth

of half a metre (Annex A, ref. 2). Since higher temperatures increase the rates of ageing and
creep of polymers disproportionally, their effect on geotextile behaviour may need to be
considered for material installed close to the surface.

14
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Chemical attack is most serious when the polymer chain backbone is broken, leading to a loss
of mechanical properties. This will generally occur by means of oxidation or hydrolysis,
depending on the type of polymer and on the acidity or alkalinity of the soil. Acidity and
alkalinity are expressed as pH, a scale with neutral soil having a pH of 7, lower values implying
acid soils and higher values alkaline soils.

In Europe topsoil generally has a pH of 5.5 - 7, but anaerobic peats or soils which have been

affected-by-acidrain-may have a pH of approximately 4. Atmospheric-carben-dioxideleadste

generally increased acidity at the surface. Limestone or chalk soils may have a pH of 8 -85
Geologiral deposits have a wide range of pH, as shown in Table 2, with values between'2 and
10 having been recorded.

Table 2: Some typical minerals and fills and their pH values

Minerals and fills Formula Maximum pH
Felspar

Albite NaAISi;Og 9-10
Ahorthite CaA]QSiQOB 8
Qrthoclase KAISi;Og 8-9
Sand

Quartz : SiO, 7
Muscovite KAI;(OH,F),AlSiz01q 7-8
Clay

Kholinite A|4(OH)BSi4010 5-7
Carbonate

Dplomite CaMg(CO:;), 9-10
Chalcite CaCQO;, 8-9

The useg of bentonite and)other clays in civil engineering construction, such as diaphragm wal
construgtion, grouting-processes, sealing layers in landfill and tunnelling, causes local areas of
high alkalinity withypH values of 8.5 to 10. Some geocomposites contain bentonite in dry form
which cgmbines with local ground water to form a gel.

5.2.2 Chemical effects on the geotextile

Polyester and polyamide fibres are susceptible to hydrolysis, which in polyester fibres takes two
forms. The first, alkaline or external hydrolysis, occurs in alkaline soils above pH 10,
particularly in the presence of calcium, and takes the form of surface attack or etching. Caution
should be applied in the use of polyesters for long periods above pH 9. The second, internal
hydrolysis, occurs in aqueous solutions or humid soil at all values of pH. It takes place
throughout the cross-section of the fibre. The rate of hydrolysis is very slow, such that the

process has little effect at mean soil temperatures of 15 °C or below in neutral soils, although it
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can be accelerated in acids. The rate of internal hydrolysis in a partially saturated soil depends
upon the local relative humidity.

Polypropylene and polyethylene are susceptible to oxidation. This is accelerated by the catalytic
effects of transition metal ions in a chemically activated state. Of these the ferric (Fe3+) ion is
the most common but copper and manganese have also been shown to be important. On the
other hand, the tendency to oxidation decreases due to the reduced availability of oxygen in
soil.

All chemidal reactions occur more rapidly at higher temperatures, as described by Arrhenijus'
Law (see 7.3.5).

In the pagt 20 years there have been no reports of microbial attack on synthétic geotextiles
either in tgsting or in the ground. Only geotextiles containing vegetable fibres; most of which
are delibgrately designed to degrade once natural vegetation has become established, are

likely to b
attack ged

e affected. However, in topsoil micro-organisms such as bacteria and fungi might
textiles if they contain components that provide nutrition“and if the micro-organisms

can pene

rate the remaining polymer. The long chain molecules of thermoplastics used in

geotextile$ are generally resistant to microbial attack. Also,”low molecular components and

certain a
biostabilis
geotextiles
maximum

Geotextile)
plants. H

ditives could be susceptible to biodegradation, but this can be countered by
brs.  Micro-organisms could in theory produce degradation products that attack
5 chemically. The soil burial test (ENV 12225) endeavours to provide a soil of

biological activity to encourage any.reaction that can occur.

S in soil also come in contact with animals such as rodents and with the roots of

odents can locally destroy-a geotextile while roots can penetrate and clog it. To

simulate gttack by rodents or penetration by roots no specific index tests are proposed.

5.3 Effects of Load and Mechanical Damage

5.3.1 Tensile Load: Creep and Stress-rupture

A major d

fference between polymers and metals is that at normal operating temperatures and

tensile loads, polymers extend with time, that is they creep. This was recognised early in the
development of geotextiles and led to an increasing number of testing programmes to provide
the information necessary for the design of reinforced soil structures.

At higher loads creep leads ultimately to stress-rupture, also known as creep-rupture or static
fatigue. The higher the applied load, the shorter the lifetime. Thus as mentioned in clause 3
the design load will itself limit the lifetime of the product.

16
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Creep and stress-rupture should only be regarded as a relevant design criterion in slopes and
walls when the geotextile is expected to perform a reinforcing function in the long-term, or in
reinforcement over a soft foundation.

At the microscopic level, when a load is applied to the polymer it may cause the long chain
molecules to stretch or rearrange themselves. A particularly important part is played by the "tie"
molecules, which run from one crystallite to another, linking them together. In polyester
molecu ' mg i Y ong
another, resulting in the characteristic S-shaped stress-strain curve. These processes) df
rearrangement continue under the combined effects of load and thermal activationand it i

192}

noticeable that in polymers used above T, , where the amorphous regions are_in.-a rubbery
rather than a glassy state, creep takes place more rapidly and is more sensitive'to temperature
than thgse used below T4 . Thus creep is more pronounced in polyethylene and polypropylen

1%

than it i in polyester.

Tensile|creep is measured using EN ISO 13431, in which a specimen generally 200 mm wide i

"z

placed punder a constant load for a set time, typically 1000 hours (six weeks) or 10000 hour

"z

(1,14 yaars), and the elongation monitored. Such tests can-be performed over a range of load

°Z

and if rgquired at various temperatures. In a reinforced oil structure part of the load will in faqt

=

be transferred to the soil so that the creep measured in air represents a maximum o

=

consenrvative value. The use of creep data in thé.désign of reinforced soil will be the subject 9
a separpte document.

5.3.2 Synergy of tensile load with environmental effects (environmental stress cracking)

Environmental effects generally. bave little effect on creep strain but can reduce the stresst

14

rupture |lifetime. If the combined effect of load and environmental effect is greater than th¢
addition of their individuakeffects then there is said to be synergy between them.

Environmental stress cracking, ESC, is the embrittlement of polymers caused by the¢
combination ofy\mechanical stress and a chemical fluid. It is more critical in amorphous$
polymets stich as PVC, where very small fractions of a chemical, often a subsidiary additive t

a compod d IiQ| |ir~l’ have heen known to cause critical faillires

Semi-crystalline polymers such as polyethylene are less susceptible, but not immune, to
environmental stress cracking. The stress-rupture of polyethylene geomembranes has been
studied very widely and is known to be accelerated by certain fluids, some of which are used
deliberately in order to accelerate crack growth in testing. On the other hand, modern grades
of polyethylene are very resistant to stress-rupture in air and to environmental stress cracking.
This has been achieved by modifications to the polymer such as by increasing the high
molecular weight fraction and by copolymerisation.
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Susceptibil

ity to stress cracking can be measured by immersing notched samples under load in

a bath of liquid and can be accelerated by raising the load, liquid concentration or temperature.

Itis then necessary to carry out longer term tests to establish the degree of acceleration.

Drawn polyester or polypropylene fibres, or the ribs of drawn geogrids, are comparatively

resistant to

ESC (Annex A, ref.3).

5.3.3 Loading during installation: Mechanical Damage

Mechanics
pressure.

| damage is caused by direct contact between the soil fill and the geosynthetic under
Light damage consists of scuffing and abrasion of the fibres on the surface, while

more sevefe damage may include cuts and holes in the fabric. Sheaths or coatings may be cut

away to reveal the fibres they protect.

abraded, 3

The surface of geogrids and membfanes may be
nd oriented polymers may split along the direction of orientation. The susceptibility of

some gegsynthetics to mechanical damage during installation can <increase under frost

conditions

The severity of the damage increases with the coarseness@nd angularity of the fill

and with the applied compactive effort, and decreases with the thickness of the geosynthetic.

Clays, sills
may redud
affect the |

The occur
site test to

and sands (dsg < 2 mm) generally produce little mechanical damage. This damage
e the mechanical strength of the geosynthetic and when holes are present it will
ydraulic properties as well.

ence and consequences of mechanical damage can be assessed by carrying out a
prEN 1SO 13437, or by simulatingthe effects a trial (Annex A, ref.4). The partial

safety factpr for mechanical strength is expressed as a ratio of the strengths of the undamaged
to the dampged material (i.e. >1).

5.3.4 No

Soil presst
separated
creep can
collapse of
ENV 1897.

mal pressure: Compressive Creep

re can cause compressive creep in drainage materials where two outer fabrics are
by an openwork structure to allow flow in the plane of the geotextile. Compressive
ead to & teduction in the distance of separation, restricting the flow, or ultimately to
the gpenwork structure. Compressive creep should be determined by the method of

5.3.5 Abrasion and Dynamic Loading

Geosynthetics used under roads, railways or in coastal erosion protection may be subject to
dynamic loading which will lead to mechanical damage to the geosynthetic in a manner similar

to mechani

cal damage on installation. While fibres and bulk thermoplastics are susceptible to

mechanical fatigue, the principal cause of degradation is abrasion and frictional rubbing. The
test for mechanical abrasion is prEN ISO 13427 but there is no test for mechanical fatigue.
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Geosynthetics intended to operate under severe dynamic loading should therefore be subjected
to performance tests which simulate or accentuate the site conditions.

6 Evidence of the durability of geotextiles

6.1 Historical development

fabric were used, partly because at that time Europe had run out of jute for sandbags and
willow fgscines for seabed protection.

In the 1960's a range of nonwoven fabrics was manufactured for use as foundation, separation
and filter layers between granular fills and weak subsoils. In the 1970’s different grades of
reinforcing materials such as heavy wovens and extruded geogridsitwere developed specially
for such| applications. While the incentive to develop geotextilésymay have originated from &
shortage of natural fibres, now geotextiles are produced -worldwide because of their cost
effectiveness.

6.2 Empirical evidence of durability from geotextiles extracted from the soil

Will geotextiles last for 50 years, 100 years oflonger? To answer this question we should start
by investigating empirically what has been.established over the past 35 years. Some examples
giving clear evidence of durability are-given below. These observations can then be compared
with the [results of accelerated and-other laboratory tests.

During the period 1965-1980/ Sotton et al reported on nonwoven samples of polyester and
polyprogylene retrieved from 25 sites in France, ten to fifteen years after installation (Annex A,
ref. 5). These fabric§'were still functioning as filters, separators and drainage layers. Losses in
tensile gtrength ©f'up to 30% were observed, but with laboratory analysis no chemical or
biologicgl attack could be identified. The reduction in strength was due mainly to mechanical

damage|oecurring principally during installation.

In the following decade 1980-1990 Leflaive reported on a five metre high vertical wall in
Poitiers, France, which had been constructed in 1970 (Annex A, ref. 6). In this case five metre
long polyester straps had been embedded in the concrete facing elements and anchored in the
backfill, which had a pH of 8.5. Testing of the straps after 17 years showed a 2% reduction in
tensile strength in the backfill but up to 40% reduction at the point where the straps enter the
concrete facing units. Here the pH value has believed to have reached 13 to 14 at a
temperature of 30°C for some time. Subsequent analysis showed that this degradation could
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be explained by alkaline surface attack (25%), internal hydrolysis (5-10%) and mechanical

damage.

In 1990 W

reported on samples of 1000 g/m2? woven polypropylene, part of a quantity

Hatt Wi waliiit y

isse et al

of four million square metres that had been laid as the backing of block mattresses on the sea

bed of the
sea water
load was

Oosterschelde in 1978 to prevent scouring (Annex A, ref 7). The fabric had been in
at 10°C for nine years with a local partial pressure of 3% oxygen. The permanent
nly 10% of the tensile strength. The design life was expected to be determined by

the time tp embrittlement of the polypropylene due to oxidation. After visual examination apd

analysis to determine the remaining antioxidant content, the samples were subjected “to

material.
calculated

In 1994 T

1 £
om the original source of

time to embrittlement in sea water at‘’10°C was

Q

Subsequently, the estimate
to be 80-120 years.

roost et al reported on the condition of large quantities of woven polyester fabric

retrieved 1rom a soil retaining structure (Annex A, ref 8). A multi-layered geotextile reinforced

wall, 4 m
degradatiq

igh, with slopes of 2:1 and 4:1, was constructed in the Netherlands to study possible
n of the woven polyester fabric with time. Thirteen years later the wall was carefully

dismantledl and the mechanical and chemical properties of the yarns investigated. The 50 m

long embankment was oriented from east to west to provide slopes facing north and south.

These slopes were partially covered with bitumen apd: vegetation to prevent ultraviolet attack.

After the
from the
properties
changed.

etrieved fabric had been tested no hydrolysis could be detected on material either
interior of the embankment or from the protected slopes, i.e. the mechanical
molecular weight (M, = 33000), and carboxyl end group count (23) had not
On the unprotected north and .south slopes a reduction of between 15% and 50% in

tensile strength was observed, which-was concluded to be due mainly to ultraviolet radiation

and not to

hydrolysis.

7 Durability Study

7.1 Need 1

Geosynthg

or testing

ptics “cover a wide range of products, applications and environments. The main

questions

are intended as guidelines based on current knowledge and experience.

raised are when and why it is necessary to carry out durability testing. The following
They apply to

polyethylene, polypropylene, polyester (polyethylene terephthalate) and polyamide 6 and 6,6
only: a separate durability assessment should be made of geosynthetics based on other

polymers.

Weathering tests should be carried out on all products to ENV 12224 and evaluated in
accordance with 7.2.
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Mechanical damage tests should be carried out as performance tests related to the actual solil
and equipment used in accordance with accepted practice (Annex A, ref 4), or as laboratory
tests once a European Standard has been developed.

Creep testing should be carried out to prEN ISO 13431 for all applications in soil reinforcement.
For permanent structures in reinforcement applications the minimum test period should be
10,000 hours.

For app*cations where the geotextile has a design life of less than five years in natural soilsang
the congequences of failure are low, no further testing is necessary. In some such applications
the soil |structure itself may have a longer design life, but the geotextile no longer-plays an
essentigl part.

For applications with design lives up to 25 years, being the current limit\of experience with
geosynthetics, screening tests are necessary on all products. This is.particularly the case for
those that contain recycled materials. These "index" tests, ENV 12225, ENV 12226, prENV
ISO 13438, ENV ISO 12960 and ENV 12447, are designed around-a minimum design life of 25
years in| normal conditions and are designed to exclude matérials where there is any doubf
concern|ng their durability. Most durability tests intensify’ the parameters, for example by
increasing the temperature, the applied load or the intensity of radiation, in order to accelerate
“degradattion and allow the test to be completed within' an acceptable time. Screening tests are
not interyded to be regular quality control tests, nor do they provide sufficient information for the
predictign of time to failure, since the degree of acceleration varies from one polymer type to
another| In addition, manufacturers using-recycled materials are expected to maintain sufficient
control qver the uniformity of their feedstock such that the index tests remain valid.

Product$ where 25 years' satisfactory design life under comparable site conditions can be
demonstrated, including new-products using the same yarns and polymers, may be exempted
from thel screening tests:OAssessment of the evidence of durability is a matter for the approvals
authority responsiblédor the individual works.

For the following conditions further testing should be considered:

I [H ' e ol H Lfat: PUH laY nd
- dif applivativiic Wit UTolyit TTUco TALCTUINNTY cJ yTdalo,

- applications of polyester in highly alkaline environments with pH >10.0, particularly in
the presence of lime, cement or concrete, or for long design lives with pH >9;

- applications of polyamide in aerobic acid environments, landfill sites or contaminated
ground;

- applications in which the geotextile is likely to be exposed to temperatures greater than
25°C or less than 0°C for a significant period.
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Test methods for such environments are likely to be "performance" tests which define the
general method for testing and evaluation but leave certain parameters to be defined, such as
the choice of backfill in a mechanical damage test or the chemical to be used in testing the
resistance of a protection geotextile to a landfill leachate.

Accelerated tests such as that for resistance to oxidation may require exposure of specimens at
various temperatures in order to predict longer lifetimes at lower temperatures from the trend of
shorter lifetime i ith-si i

before installation is important for the performance of the used geotextile.\ “The ageing of
geotextileg is mainly initiated by the climatic influences through the action of solar radiation,
heat, moigture and wetting. The principle of the test is to expose the specimens to simulated
solar ultraviolet radiation for different radiant exposures with eycles of temperature and
moisture.

Unless they are to be covered on the day of installation, alkmaterials should be subjected to an
acceleratefd weaihering test to ENV 12224. The strength retained by a‘geotextile at the end of
this test, tggether with the specific application of the\geotextile, will define the length of the time
that the material may be exposed on site. The maximum exposure times are given in Table 3.
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Extended testing is necessary for materials which are to be exposed for longer durations.

ISO/TR 13434:1998(E)

Table 3
Application Retained Maximum time of
strength after exposure during
weathering test installation
reinforcement or other >80% 1-4 months”
applications where long-term
strength is a significant
parameter
60-80% 2 weeks
<60% cover on day of
installation
gther applications >60% 1-4 months”
20-60% 2 weegks
<20% cover on day of

installation

" depen jing on the season and the location in Europe.

Extendef artificial weathering tests using methiods similar to those in ENV 12224 are required

for matetials which are to be exposed for longer durations.

If the materials are to be used for reinforcement an appropriate partial safety factor should be

applied o allow for the reduction in/strength.

7.3 Resistance to chemicals

7.3.1 General

For geofextilesexposed to soil for a period of up to 25 years the following forms of chemical

degradation’should be considered:

- alkaline attack on polyesters (see 5.2.2);

- acid attack on polyamides under aerobic conditions;

- oxidation of polypropylene and polyethylene;

- internal hydrolysis of polyesters in water or any aqueous solution.
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7.3.2 Resistance to alkalis and acids under aerobic conditions

Acid and
is a scre

alkaline attack on geotextiles are covered by screening test Wi 00189029. Method A
ening test intended for geotextiles for use in acid soils with pH<4 under aerobic

conditions. The retained strength should exceed 50% of the initial tensile strength.

Method B

is a screening test for geotextiies for use in alkaline soils with pH>9, lime treated soil,

cement and concrete. The retained strength should exceed 50% of the initial tensile strength.

It has belen shown that these tests are repeatable, reproducible and can be used to rank

materials

If a material passes the criterion for Method B, its performance could be estimated

to be satisfactory for up to 25 years at a temperature of 25°C for pH10. Otherwise,
a

interpret
be obtain
should bd

These twq

7.3.3 Oxig

Polyolefin
all such n
189027.
length of
all applics
samples

ion of either test should be viewed on a site specific basis and further advice should
ed. For the use of polyamides under acid aerobic conditions (7 < pH.<4) assurances
sought from the manufacturer that the material has a sufficient level of resistance.

 tests are not intended to cover all chemicals (see 7.3.5).

Hation

s such as polypropylene and polyethylene are'susceptible to oxidation and therefore
haterials should be subjected to the accelerated thermal oxidation screening test Wi
The type of polymer used and the specific application of the geotextile will define the
ime and the temperature that the material has to be exposed to the oven ageing. For
tions the retained strength shouldexceed 50% of the tensile strength of the reference
see Table 4).

Table 4: Parameters for the screening test for resistance to oxidation

Appl

cation Polymer Type Oven Oven Retained
exposure | exposure tensile
temperature time strength

reinfd
appli

rcement or other polypropylene 110°C 28 days > 50%
bations where long-

term strength is a

significant parameter
all other applications polypropylene 110°C 14 days > 50%
polyethylene 100°C 28days
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