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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bod

ies

(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
non-goverhmental, in liaison with ISO, also take part in the work. ISO collaborates closely with
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Internationpl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main ftask of technical committees is to prepare International Standards. Draft International Standa
the technical committees are circulated to the member bodies for voting. Publication as
Internationgl Standard requires approval by at least 75 % of the member bodies casting.a-vote.

In other cjrcumstances, particularly when there is an urgent market requirement for such documents
technical gommittee may decide to publish other types of document:

— an ISO Publicly Available Specification (ISO/PAS) represents an agreement between technical expertg
an ISO working group and is accepted for publication if it is approved by more than 50 % of the memb
of the [parent committee casting a vote;

— an ISO Technical Specification (ISO/TS) represents an agteement between the members of a techn

e years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS
confirmed,|it is reviewed again after a further three years, at which time it must either be transformed into
Internationfal Standard or be withdrawn.
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Attention i$ drawn to the possibility that'some of the elements of this document may be the subject of patent

rights. 1ISO| shall not be held responsible’for identifying any or all such patent rights.
ISO/TS 1334 was prepared by Technical Committee ISO/TC 221, Geosynthetics.

This first efition cancels and Teplaces ISO/TR 13434:1998, which has been technically revised.
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Geosynthetics — Guidelines for the assessment of durability
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This Technical Specification provides guidelines for the assessment of the durability of geosynt
object of which is to provide the design engineer with the necessary information, generally,defined &
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aterial properties or as partial safety factors, to ensure that the expected design life'of'a geosy
achieved with confidence.

s Technical Specification is not applicable to products designed to survive foronly a limited tim
sion-control fabric based on natural fibres, or geotextiles for asphalt reinforcement.

s Technical Specification is applicable to the durability of the geosynthetics and not to the dura
ptechnical structure as a whole.

TE The calculation of reduction factors for soil reinforcement applications is described in ISO/TR 2043

Normative references

following referenced documents are indispensable for the application of this document.
rences, only the edition cited applies. For\undated references, the latest edition of the
cument (including any amendments) applies,

W

D 10318, Geosynthetics — Terms and(@efinitions

D 13431, Geotextiles and geotextile-related products — Determination of tensile creep and crg
paviour

D 13438:2004, Geotextiles“and geotextile-related products — Screening test method for deter]
istance to oxidation

D/TR 20432:2007, ~Guidelines for the determination of long-term strength of geosynthetid
pforcement

Terms, definitions, symbols and abbreviated terms

hetics, the
s changes
hthetic can

e, such as

pility of the

INJ

For dated

referenced

ep rupture

ymining the

s for soil

3.

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 10318 apply.

3.2 Symbols

A

Ay

dgo

rate of degradation
constant in Arrhenius equation

50 % soil gradation
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E activation energy

M, number-averaged molecular weight
M,, weight-averaged molecular weight

R universal gas constant (8,314 J/mol-K)
Iy glass transition temperature

T a'\ﬁn'l Hao tomnaratiira
PooTrotcerpTTratarc

3.3 AbQbreviated items

CMD  cfoss-machine direction

CPE chlorinated polyethylene

CSPE chlorosulfonated polyethylene

DMTA dynamic mechanical thermal analysis
DSC dffferential scanning calorimetry

EIA

D

hylene interpolymer alloy
ENB ethylidene norbornene
EPDM ethylene propylene diene monomer

EPS

]

xpanded polystyrene
ESC ehvironmental stress cracking

fPP

=h

bXible polypropylene

GBR-B bjtuminous geosynthetic barrier
GBR-C ggosynthetic clay barrier
GBR-P pplymeric geosynthetic barrier

GRI

()

eosynthetic'\Research Institute

HALS h|ndered-amine light stabilizers

HDPE high-density-polyethylere

HP-OIT high-pressure oxidation induction time
KEE ketone ethylene ester

LLDPE linear low-density polyethylene

MB modified bitumen

MD machine direction
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oIT oxidation induction time
PA polyamide

PCR post-consumer resin
PE polyethylene

PEN polyethylene naphthalate

PET nolbvatbhvlana taranhthalata
T PoTryctyrcrcteroprt ot

PIR post-industrial resin

PP polypropylene

PS polystyrene

PVIA polyvinyl alcohol

PVC polyvinyl chloride

RAP reinforced polypropylene

RR rework resins

SBS styrene-butadiene-styrene

S-QOIT  oxidation induction time measured by standard method
XPS extruded polystyrene

UV ultraviolet

4 | Generalized procedure

4.1 Introduction

WHhen a geosynthetic-is'used in a civil engineering structure, it is intended to perform a particular fupction for a
imimum expected.time, called the design life. A geosynthetic is a generic term describing a produgt, where at
t one of the €omponents is made from a synthetic or natural polymer, in the form of a sheet, @ strip or a
three-dimensianal structure, used in contact with soil and/or other materials in geotechnica| and civil
engineering=>applications. Geosynthetic products comprise geotextiles, geosynthetic barriers (polymeric,
bitdminous and geosynthetic clay liners), geogrids, geonets, geocells, geostrips, geomats and geospacers.
The even functions defined in ISO 10318 are barrier function, drainage, filtration, protection, reinforcement,
se forT, ' . ' i netic, such
as tensile strength or water permeability for a geotextile and impermeability to liquids for a geosynthetic barrier.
These are referred to as functional properties.

Assessment of the durability of structures using geosynthetics requires a study of the effects of time on the
functional properties. The physical structure of the geosynthetic, the nature of the polymer used, the
manufacturing process, the physical and chemical environment, the conditions of storage and installation, and
the load supported by the geosynthetic are all parameters which govern the durability. The main task is to
understand and assess the evolution of the functional properties over 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.

© 1SO 2008 — All rights reserved 3
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The majority of geosynthetics, when correctly processed and stabilized, are comparatively resistant to
chemical and microbiological attack encountered in normal soil environments and for normal design lives. For
such applications, only a minimum number of screening or index tests may be necessary. For applications in
more severe environments, such as soil treated with lime or cement, landfills or industrial-waste containments,
or for applications with particularly long design lives, special tests including “performance” tests with
site-specific parameters may be required.

4.2 Available and required properties

4.2.1 Condition of acceptability

A geosyntILetic will have one or more functional properties critical to its intended function, for example tensile
strength ot permeability. It is then necessary to differentiate between the available and required values of this
functional property. The available property is that provided by the geosynthetic. The required property is the
minimum level necessary for the geosynthetic to perform its intended function.

The availdble property is expected to change with time due to degradation of the material, as shown in
Figure 1. The necessary condition is that, at the design lifetime (Iltem 2 in Figure 1){the available propgrty
exceeds the required property, which is shown for simplicity as remaining constant in time (ltem 1). This
condition is satisfied under the first set of conditions (Item 3) and is not satisfied-under the second se{ of
conditions|(Item 4). These are therefore deemed to be acceptable and not acceptable, respectively.

Y A

Key
X time
Y property of a geosynthetic, expressed as a percentage of its original value

minimum aCeeptable level of required property
design lifetime

available property under first set of conditions (acceptable)
available property under second set of conditions (not acceptable)

A WODN -

Figure 1 — Available and required properties as a function of time under two different sets of
conditions, the first acceptable and the second not acceptable
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4.2.2 Development of the required and available properties with time

In practice, both the available property and the required property can vary with the successive events that
occur between manufacture of the product and the design life. Figure 2 shows a schematic example.

Y A

100 %
|
7“

Key
X |time
property of a geosynthetic, expressed as a percentage ofzits-original value

<

available property

margin between required and available property -at intermediate time
margin of safety at design life

required property

margin of safety between design life andvtime to failure

duration prior to installation (storage and transportation)

duration of installation

duration of further construction

intermediate time during'hormal use

design life

- 2 O 00 NO O~ WN -~

- O

time to failure

Figure 2 — Available and required properties of a geosynthetic during storage
and transportation, construction, backfilling and use

A péw, geosynthetic exhibits an initial or short-term available property as defined by a set measurement
standardDepending on the tevet of quatity controtand quatity assurance, a reduction factor may be applied to
cover variations in the initial property.

The available property is shown as line 1 in Figure 2. During storage and transportation (period 6 in Figure 2),
this property may change due to weathering, while during installation (period 7) and further construction
(period 8), it may suffer from mechanical damage. The extent of the mechanical damage incurred during
installation depends on the geosynthetic, the nature of the materials in contact with the geosynthetic, the
equipment used and the care provided by the handling team (see 6.4.4). For polymeric geosynthetic barriers,
the manufacturing process and the welding parameters during installation may not lead to immediate
degradation, but can induce residual stresses in the material which lead to a stress-crack phenomenon and
more rapid subsequent degradation.
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After backfilling (period 8), the operating life of the material starts. During the operating life, the geosynthetic is
subjected to chemical, biological or physical actions due to the soil, its constituents, and its air, water and
organic content, resulting in a gradual reduction in the available property until the design life (Item 10 in
Figure 2) is reached. The available property will diminish further if the geosynthetic remains in place beyond
its design life.

The required property is shown as line 4 in Figure 2. During storage and transportation (period 6 in Figure 2),
a minimum required property, generally strength, is needed to resist handling loads. Installation and
compaction (period 7) may require a strength higher than that required for the remainder of the design life.

During further construction (period 8), the load will increase from a lower level, increasing the required
Strength_ When finally inuse_the mquimd property will remain canstant

It should be noted that the available property can diminish due to the level of constraints or the applied’lopd:
the greater the applied stress, the shorter the time to failure. This is a particularly important phenomegnon that
is describgd in 6.4, particularly in 6.4.1. Thus, there can be an interaction between the required, property and
the availahle property. There is no absolute available property curve as shown schematicallylin-the graph(by
the presengce of the two curves.

It should also be noted that there may be more than one functional property. For examplé€; a filter or separgtor
will have g minimum required strength to survive installation and construction, whilé in operation the requifed
property wjll be the permeability or opening size. The above analysis should be pérformed for both propertigs.

The testing techniques and the assessment methods for estimating the/property curves is presented and
discussed jin later subclauses. Index test methods are intended to ensure a minimum level of durability and|do
not constitite a comprehensive assessment procedure. Where this is heeded, it will be necessary to carry put
further performance tests more closely related to service conditions. These tests may also inclyde
investigatipns on samples extracted from sites where the same product has been used for several years ih a
similar enyironment. Procedures have been developed, suchas’those described in ISO 13437. As in other
fields of engineering, confidence in the durability of geosynthetics is developing as the technology matufes
and the results of long-term service experience accumulatey Examples of experience to date are described in
Clause 6.

4.3 Desjgn life

The design life is specified on the time axis. (It¢ém 2 in Figure 1, Item 10 in Figure 2). It is set by the client (qr a
design code) and is decided at the design.stage. Codes generally propose several fixed durations, according
to whether the structure is meant fof short-term use (typically a few years and not exceeding five yeafs),
temporary| use (generally less than) 25 years) or permanent use (over 25 years, and generally 50| to
>100 years). The nature of the structure, the environmental risk involved and the consequences of failure may
influence this duration (example: 70 years for a wall, 100 years for an abutment and beyond 100 years [for
landfills). Nlany geosynthetiés have a temporary function although the structure is permanent; for example,|an
embankmeént over a weak.soil may require a geotextile or geogrid reinforcement until the embankment has
settled.

4.4 Margin of safety

At the end ) ) :
indicated by codes) such that fa|lure (Item 11 in F|gure 2) is predlcted to be weII beyond the de5|gn life
(Item 10). Item 3, the difference between the predicted available property and the predicted required property,
represents the margin of safety for that component. This can be expressed as a ratio. The ratio can also be
expressed in terms of the time to reach the end of life if the geosynthetic were to be left in service after the
end of its design life (Item 5). These two representations of safety, the ratio of required and available property
at the design life, and the ratio of the predicted end of life to design life, should be considered together
because, in combination, they give a better idea of the real level of safety that exists.

The calculation of reduction factors for soil reinforcement applications is described in ISO/TR 20432.
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4.5 End of life (function)

The end of life is the point on the time axis where the available property curve meets the required property
curve (Item 11 in Figure 2). At this point, the product is predicted not to fulfil its function. Residual service may
remain either if the expected loads are overestimated, or if they imply a combination of degradation
mechanisms that may not all have reached their maximum values. Whatever the case, beyond that point on

the

graph, the possibility of end of function or failure is high.

4.6 Durability study

Th

5.1

5.1

Th
ad
for
ge
for

Th
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tra

gla
arsg

E"design and durability assessment of a structure using a geosynthetic can be summarized as 1ol
defining the function(s) of the geosynthetic;
making the inventory of the constraints imposed by the application (environmental,physical, ch
defining the design life of the geosynthetic;

quantifying the required properties of the geosynthetic (e.g. strength, pérmeability, impermeal;
integrity);

defining the geosynthetic properties;

making sure that the estimated available properties at the end of the design life are greate
required properties.

Constituents of geosynthetics
Types of geosynthetic

1 Polymeric durability considerations

b durability of a polymeric geosynthetic depends upon the formulation from which it is maq
litives and fillers compounded-with it, on the polymer microstructure, the fibore geometry and fg
geotextiles, the thickness~of geosynthetic barriers, and the quality of joints in geosynthet
pgrids and geocells. The geosynthetic should be chemically and biologically resistant if it is to
long-term applications,

b polymers used to manufacture geosynthetics are generally thermoplastic materials whic]
orphous or.semi-crystalline. An amorphous polymer has a randomly coiled structure which, a
nsition termperature, lg: undergoes significant change from a stiff, glassy, brittle response to loadg
s transition temperature to a more ductile, rubbery response above ¢,. Most polymers used in

m
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r than the

e, on any
bric layout
c barriers,
be suitable

h may be
the glass
below the
geotextiles

semiscrystalline, that is they contain small, more or less oriented crystallites, alternating with amorphous

on is less

terial. Since the change in behaviour only affects the amorphous regions, the glass transit

marked for a semi-crystalline polymer. At a higher temperature, however, the crystallites melt, whic
an abrupt change in properties. Values of 7, and melting temperature are given in Table 1 for the polymers
most commonly used in geosynthetics. In civil engineering applications, polyesters are used below their ly
while polypropylene and polyethylene are used above ¢,. Any acceleration of laboratory tests crossing a
transition, such as ¢,, should be avoided or, if this is not possible, an appropriate factor of safety should be
applied.
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Mechanical drawing of polymers, e.g. for forming tapes, fibres or filaments, leads to increased orientation that
results in higher tensile properties, improved durability and reduction of the changes in properties at the glass
transition temperature. As the molecules become more oriented, the fibres become stronger. The crystallites
are retained and the ratio of crystalline regions and amorphous regions should be properly balanced to
produce the physical properties necessary for fibres used in geotextiles, or for the ribs of extruded geogrids
(see 5.1.5). The increased orientation and associated higher density leads to higher environmental resistance.
The durability assessment should consider whether any change in this morphology is likely during the service
life of the product, and whether such a change will lead to a significant change in properties. Thermal analysis
techniques have proved useful in measuring such changes.

which detg¢rmines the length of the polymeric chain and resulting molecular weight. The nature and the
number of|the monomer distribution determine the length and structure of the polymeric chain. Thése-factors
can affect |physical properties such as the tensile strength and modulus, impact strength, flexibility and heat
resistance] as well as the durability properties. The mechanical and physical properties of the plastics are glso
influenced|by the bonds within and between chains, chain branching, and the degree of crystallinity.

Crystallinity has a strong effect on polymer properties, especially the mechanical properties, because the
tightly packed molecules within the crystallites result in dense regions with high intesmolecular cohesion and
higher resistance to penetration by chemicals. An increase in the degree of crystallinity leads directly to|an
increase i rigidity and yield or tensile strength, hardness and softening poifit,"and to a decrease in liquid
permeability and gas diffusion.

Durability of all geosynthetics is influenced by fibre or rib diameter or{Surface-to-volume ratio. Resistancg to
oxidation ind UV exposure is generally dependent on fibre or rib\diameter or thickness since the ratg of

oxidative/ghoto-oxidative reactions is often limited by the rate of‘diffusion of oxygen, especially at elevated
testing temperatures. Evaporation and extraction of additives i§salso inversely related to surface-to-volume
ratio. Thege factors should be taken into account in the*design of suitable testing procedures and| in
considering the results of established tests. The choice of-fest method should ensure that oxygen availabllity
has been gimulated correctly. Changes of polymer morphology caused by testing at too high temperatures
should be pvoided.

Durability i further influenced by the nature and quality of the additives and fillers used.

5.1.2 Geptextiles

A geotextile is a planar, permeable; ‘polymeric (synthetic or natural) textile material, which may be woven,
knitted or] non-woven. The principal materials used are polypropylene (PP), polyester (PET) and
polyethylene (PE).

5.1.3 Gepsynthetic barriers or polymeric and bituminous geosynthetic barriers

A geosynthetic barrier is a planar, relatively impermeable, polymeric (synthetic or natural) (GBR-P)| or
bituminoug (GBR-B)“sheet. The polymers used to manufacture the geosynthetic barriers are generally
thermoplagtic materials, elastomeric materials and modified bituminous materials. The materials used are
high-densitypolyethylene (HDPE), linear low-density polyethylene (LLDPE), polyvinyl chloride (PVC), flexiple

polypropyléne (fPP), ethylene propylene diene monomer (FPI')I\/I)1 ethylene interpolymer alloy (F A),
chlorinated polyethylene (CPE), chlorosulfonated polyethylene (CSPE) and other elastomeric materials.

5.1.4 GSB-C

A geosynthetic clay barrier or liner (GBR-C) is a factory-manufactured geosynthetic hydraulic barrier
consisting of clay, bentonite or other very low-permeability material supported by geotextiles, geosynthetic
barriers, or a combination thereof, and held together by needle punching, stitching, chemical adhesives or
other methods. Its durability is governed by the durability of the geosynthetics, the needle-punching fibres, the
stitch-bonding filaments/yarns, the glues, and also the ion exchange between the material and the liquid
retained or contained, and also desiccation.

For a formal definition, see ISO 10318.
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5.1.5 Geogrids

A geogrid is a geosynthetic formed by a regular open network of integrally connected elements with apertures
greater than 6,35 mm (1,4 in) to allow interlocking with surrounding soil, rock, earth, and other surrounding
materials to function primarily as reinforcement. The elements in the machine and cross-directions may be
integral or may be linked by bonding or interlacing. The manufacturing techniques vary widely. Currently
weaving, knitting, and welding are used, making use of fibres of polyethylene (PE), polypropylene (PP),
polyester (PET), polyvinyl alcohol (PVA) and aramid. Coating materials include acrylic polymers, polyvinyl
chloride (PVC), and polyethylene (PE). In addition, PE and PP geogrids are made by the stretching of
punched sheet.

5.1.6 Geonets
A geonet is an open planar, polymeric structure consisting of a regular dense network, .whose fonstituent
elements are linked by knots or extrusions and whose openings are larger than the* constityents. The

polymers used to manufacture the geonet are generally thermoplastic materials,\>such as h|gh-density
polyethylene (HDPE).

5.1.7 Geocells

A geocell is a three-dimensional, permeable, natural, or synthetic polymeric honeycomb or welj structure,
mgde of linked strips of geotextiles, geogrids, perforated sheets or geasynthetic barriers.

5.1.8 Geomats
A geomat is a three-dimensional, permeable, natural, ot synthetic polymeric structure, made jof bonded
filaments, used to reinforce roots of grass and small plants and extend the erosion-control limits of|vegetation

for| permanent erosion-control applications. The polymers used to manufacture the geomats arg¢ generally
thgrmoplastic materials, such as PA, PE, PET and PP.

5.1.9 Geocomposites

A geocomposite is a manufactured or_assémbled material using at least two geosynthetic productg among its
components.

5.1.10 Geofoam
A geofoam is a block ara planar section of rigid cellular-foam polymeric material used in geotechnical

engineering applications) Geofoam is commonly used as a lightweight fill to take up differentfal thermal
expansion and for usejin frozen ground.

5.2 Individual polymer types

5.21 _,General
The-pelymersusedin-geosyntheties-are-deseribed-belowand-three-of-theirmeostimportant physieal properties
are listed in Table 1. The general remarks in 5.1.1 apply.

5.2.2 Polypropylene (PP)

Polypropylene is a thermoplastic 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 it high stiffness, good tensile
properties and resistance to acids, alkalis and most solvents. The tertiary carbon is sensitive to oxidation, so
that stabilizers are added to prevent oxidation during manufacture, as well as to improve long-term durability
and UV stability.
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5.2.3 Flexible polypropylene (fPP)

Flexible polypropylene is a copolymer of propylene and ethylene. It is different from other PP-based olefinic
polymers in that it is not a blend, but a reactor product using a proprietary catalyst. Its characteristics are quite
different from the homopolymer PP and can be modified over a wide range by adjustment of the type, quantity
and position of the second monomer in the molecular chain. In addition to the significantly higher degree of
flexibility, it has a broad melting transition, which allows it to be thermally seamed over a wide range of
seaming equipment. fPP maintains the inherent characteristics of polypropylene but is highly amorphous, so
that greater attention needs to be paid to oxidation and UV stabilization.

5.2.4 Polyethylene (PE)

Polyethylepe as used in geotextiles, geogrids and geosynthetic barriers is an alpha-olefin copolymer. It is
used as high-density polyethylene (HDPE), which is known for its good chemical resistance, or_inlits linear
low-density form (LLDPE), which is known for its excellent pliability, ease of processing andrgood physical
properties,| but which is less chemically resistant. PE requires to be stabilized to increase,its resistancq to
weathering and oxidation. Certain grades of HDPE can be susceptible to environmental stréss’cracking.

5.2.5 Polyesters (i.e. PET, PEN)

Polyesters|are a group of polymers. The type used most frequently in geotextiles'i§ polyethylene terephthalate
(PET) whigh is a condensation polymer of a dibasic acid and a di-alcohol. Sin¢e'it is used below its 7, and ih a
highly oriented form, PET offers good mechanical properties, including-& low creep-strain rate, and ggod
chemical fesistance to most acids and many solvents. The ester/group, the important polymeric link,
hydrolyseq slowly in presence of water and throughout the fibre (“internal hydrolysis”). Under highly alkaline
conditions|there is an additional, more rapid surface reaction (‘external hydrolysis”) which is particularly
serious fol fine fibres with a large surface-to-volume ratio, except when the fibres are coated. Polyethylene
naphthalate (PEN) is less prone to hydrolysis than PET, but more sensitive to weathering.

5.2.6 Polyvinyl chloride (PVC)

Polyvinyl chloride is the most significant commercial member of the family of vinyl-based resins. PVC is a very
versatile plastic because its blending capability:with plasticizers and other additives allows it to take up a great
variety of forms. Plasticizers and fillers are used'in quantities of up to 35 % to create more flexible compounds,
the choice| of plasticizer being dictated hy ‘the properties desired. Conversely, PVC absorbs certain orggnic
liquids which have a similar plasticizingieffect. PVC also tends to become brittle and darken when exposed to
ultraviolet |ight or heat-induced degradation through plasticizer depletion. Many PVC formulations, with q;rite
different dyrability characteristics,.are’ available on the market to suit specific applications. UV and oxidafion
stability cap be adjusted to the application by the addition of suitable stabilizers.

5.2.7 Polyamides (PA)

Polyamideps (PA, PA™6 and PA 6,6) are melt processable thermoplastics that contain an amide group as a
recurring part of<the” chain. PA offers a combination of properties including ductility, wear and abrasjon
resistance| low \frictional properties, low permeability by gases and hydrocarbons, and good chemijcal
resistance] lis)limitations include a tendency to absorb moisture, with resulting changes in dimensional gnd
mechanical properties, and limited resistance 10 acids, oxidaton and weathering. The PA fibres used in
geotextiles have at, of 40 °C to 60 °C which is lowered through moisture absorption. UV and oxidation
stability can be adjusted to the application by the addition of suitable stabilizers.

5.2.8 Ethylene propylene diene monomer (EPDM)

Ethylene propylene diene monomer is an elastomer composed principally of saturated polymeric chains
constituted of ethylene and propylene molecules. This polymeric material presents a structure increasing
resistance to ozone and ageing. The presence of a third monomer, ethylidene norbornene (ENB), is efficient
at providing chemically active cure sites for vulcanization. Carbon black is added to the formulation to increase
the UV resistance and also resistance to tear. Stabilizers are also added to the formulation prior to the
vulcanization process to improve oxidation resistance.
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5.2.9 Ethylene interpolymer alloy (EIA)

Ethylene interpolymer alloy describes a compound which derives its performance from the ketone ethylene
ester (KEE) resin. The KEE resin typically makes up approximately 50 % of the polymer content of the EIA
compound. Along with the ethylene backbone, two monomers are polymerized together: an ester such as
vinyl acetate or n-butyl acrylate; and a ketone or a carboxyl group. UV and oxidation stability can be adjusted

to the application by the addition of suitable stabilizers.

5.2.10 Chlorinated polyethylene (CPE)

.4"'." VICTIC Ul U . .‘

beé¢n introduced along the side of the PE backbone, replacing hydrogen atoms. The much bulki
atgms tend to disrupt the formation of any crystallinity. The amount of chlorine that is introduce
rarldomness of their attachment, will determine the extent to which the resulting resin will be non-cry
amorphous. Therefore, CPE will tend to be a more flexible material than polyethylene/"UV anc

stapility can be adjusted to application by addition of suitable stabilizers.

d Produ clh dwdy OICCUIC,

5.2.11 Chlorosulfonated polyethylene (CSPE)

Chlorosulfonated polyethylene is a family of synthetic rubber materials. It was“introduced in the earl
a gynthetic rubber material with better ageing characteristics than the natural and styrene-butadien
This improved rubber material is cross-linked to provide elasticity (which improves over time) and
mimimum level of crystallinity to provide flexibility while maintaining{strength. The basic polymer b
thg same as polyethylene and, because there are no double/bonds, the long polymer chains ar
impervious to attack from degrading agents, such as oxygen;.ozone or energy in the form of UV ligh
atgms are introduced along the side of the PE backbone,‘together with a certain number of sulfor
grqups. Since the sulfonyl chloride groups are larger ¢than the chlorine atom, they are more
brdaking up the crystallinity and provide chemically active cure sites. Repair or extension is problern
its |cross-linked nature. UV and oxidation stability:'can be adjusted to application by addition
stapilizers.

5.2.12 Bitumen (MB)
Bitpmen comprises modified bitumen((MB) and oxidized bitumen.

Mdgdified bitumen is a modification of bitumen with a synthetic elastomer such as styrene-butadie
(SBS). These styrenic block.copolymers are produced by a sequential operation of successive poly
The polymers comprise leng”chains of monomer building blocks that are large enough to have
separate identity. Theirs,content does not generally exceed 25 %. The effect is a lowering of the soft
and viscosity of the blend. The polymers present in a formulation increase the elasticity, fatigue resi
ageing of the bitumen? Sensitivity to UV and oxidation can be adjusted by suitable additives.

Oxjdized bitumen has different ageing properties to those of modified bitumen.

5.2.13cAramid
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at least 85 % of the amide linkages are attached directly to two aromatic rings. The links are formed by strong

hydrogen bonds.

Aramid offers a high strength-to-weight ratio and exhibits low elongation and low creep deformation. It is

typically stable between pH 4 and 9,5.

Aramid is generally sensitive to UV radiation. The amide bonds can be hydrolized especially in

more acid

media. The material absorbs moisture and has a low abrasion resistance. Aramid has high glass transition

and dissociation temperatures.
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5.2.14 Polyvinyl alcohol (PVA)

After synthesis, polyvinyl alcohol is obtained in the form of a white precipitate, which is then refined and
washed to produce the powdered commercial product. The water insoluble PVA used in geosynthetics is
generally formed into fibres by means of three successive operations: dissolution, spinning and finishing. The
resulting fibres exhibit a very high tenacity, high modulus and low elongation (typically <6 %). PVA is
unaffected by animal, vegetable and mineral oils and exhibits a high degree of resistance to acids and alkalis.
It is typically stable between pH 4 and 13.

5.2.15 Polystyrene (PS)

Polystyreng is mainly used in extruded form (XPS) or as an expanded foam (EPS). UV and oxidation stabllity
can be adjusted according to the application by the addition of suitable stabilizers.
Table 1 — Typical physical properties of polymeric geosynthetics
Rolymer Density of Melting Glass transition
blended polymer temperature @ temperature @
g/lcm3 °C °C
PP 0,900 to 0,910 170 <-10
fPP 0,89 150 <-20
HDPE 0,940 to 0,960 130 <-80
| LDPE 0,910 to 0,925 120 <-80
PET 1,38 to 1,40 250 80
PVvC 1,3t01,5 N/A —25to 100
PA.6 1,2 220 50
EPDM 1,40 NA -60
CPE 1,2 170 <-50
CSPE 1,47 NA -55
MB 1,2t01,3 NA <-50
aramid 144 550 300
PVA 1,2t01,3 228 85
PS 1,05 (solid material) 230 100
@  Approximate temperatures afe~given. Specific temperatures are dependent on polymer properties, such as molecular weight,
percentage ¢rystallinity and formulation ingredients such as additives and fillers. The values of ¢y are derived from DSC measurements.
The values pf 1y for the very/sliow processes relevant for durability are generally markedly lower than those measured using D$C,

example val
of tg measur

es of Iq lower\than 60 °C have been observed while DSC gives 80 °C. For the purposes of durability assessment, val
ed by DTMA are preferred, if available.

es

5.3 Man

5.3.1 General

Geosynthetics are manufactured using several different processes which are described in this subclause.

5.3.2 Geotextiles

5.3.2.1

General

iufacturing process

Geotextiles include non-woven, woven and knitted products. All are made of polymers drawn into fibres, yarns

or films. The different manufacturing processes lead to geotextile products with a wide range of properties.
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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.

The structure of the fabric and the fibre diameter will contribute to the durability properties; for example, large
diameter fibres and thick tapes are less susceptible to weathering. The stabilization systems applied to
improve the properties are therefore adjusted to suit either a non-woven geotextile of finer fibres, a woven
geotextile or a geogrid.

5.3:2:2—Non=wovengeotextites

For the production of non-woven geotextiles, continuous filaments (spunbonded) or staple_fibres [cut fibres)
arg used. Woven and knitted geotextiles are produced using different types of yarn, such’as spun yarns,
myltiflament yarns, monofilaments and film tapes or split film yarns.

The types of fibres, multifilaments, monofilaments and tapes used in the manufacture’ of such geofextiles are
prdduced mainly by a melt spinning process. To produce fibres, multifilaments, and monofilaments [the molten
polymer is extruded through orifices of a die, cooled, drawn by stretching and,‘according to the end puse,

a) | laid on a screen to form a planar structure (continuous filament or spunbonded non-woven),
b) [ processed to staple fibres by crimping and staple cutting, or

c) | processed to multiflaments or monofilaments, winding the filaments after drawing and anneal|ng directly
on to spools. In the case of multiflament production, this‘\technique is known as spin-drawing.

Sppnbonded non-wovens (continuous filament non=wovens) are manufactured in a continuoys process
starting with the polymer and proceeding through\filament production, geotextile formation ard filament
bonding in the same line, finishing with the roll of .non-woven.

Stgple fibre non-wovens are manufactured in-a two-stage process: the first stage consists of fibre |production
(extrusion and cutting) and the second’stage consists of the formation of the geotextile, boanding and
prdduction of the finished roll.

Bopding of non-woven geotextiles formed from either continuous filaments or from staple fibr¢s is done
mechanically by needle punching with felting needles, by thermal (cohesive) bonding using h¢at with or
without pressure (calendering), by chemical (adhesive) bonding, or by a combination of these procepses.

The physical structure-and properties of the non-woven products are often related to the bonding system.
Mdre specifically, heat-bonded wovens and non-wovens (tape-film wovens) are thin products, in| which the
fibjes are orientedvin a two-dimensional structure. Needle-punched non-wovens have a three-djmensional
striicture, the configuration of which may be fixed by a final thermal bonding stage.

5.3.2.3, »Woven and knitted geotextiles

Waven geotextiles are also produced in a discontinuous process with at least two stages. The first stage is the
production of the yarn, monofilament or multiflament. The second stage is the weaving either to flat wovens
(or simply wovens) or knitted wovens (knits).

Weaving involves the interlacing of two sets of yarns at right angles to each other: the machine (MD) and
cross-machine direction (CMD). The MD threads are held under tension and in distance by means of a loom.
The loom is equipped with MD threads passing through heddles on two or more shafts. The MD threads are
moved up or down, depending on the design by the shafts, creating a space called the shed. The CMD yarn is
brought into the shed, perpendicular to the MD yarn. The raising/lowering sequence of MD threads gives rise
to many possible weave structures. The number of threads per unit width and their individual strength lead to
final product strength.
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In the knitting process, yarn bundles are tensioned parallel in the machine direction (MD) and perpendicular
yarns are placed in the cross-machine direction (CMD). An extra thread is used to link these together and to
form a stable integral mesh. Usually a coating is applied in order to provide protection.

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 followed by thermal fixation. Coarse film tapes may be 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. Nevertheless, large volumes of geosynthetics are woven directly from
film tapes.

5.3.3 Gepsynthetic barriers

Geosynthgtic barrier sheets are normally produced from thermoplastic polymers. These products areimade] by
extruding a sheet or by blown film processes or by calendering.

The manufacturing begins with the production of the raw materials which include the polymer resin, varipus
additives, fillers and lubricants. The formulations are then processed into a geosynthetic barrier sheef of
various wi@lth and thickness by one of two extrusion methods. In the first process, called flat die, the polymer
formulation is forced between two horizontal die lips. The second process, called blown film, uses a circdlar
die which forces the polymer formulation between two concentric die lips oriented vertically. The polymer exits
the die anfd extends upward in the form of a cylinder. At the top of the system, two counter-rotating rollers
draw the cylinder upward and, after passing over the rollers, the sheet is Iongitudinally cut, unfolded to its [full
width, and|rolled onto a roll.

The mechanical and durability properties of the product are related {o.the details of the manufacturing process
as well as fo the bonding of the sheets.

Bonding of geosynthetic barrier sheets is done mechanically\by thermal (cohesive) bonding using heat with or
without pressure, by fusion using heating elements (hot wedges) with pressure, by chemical (adhesive)
bonding, of by a combination of these processes.

The contifuous process used to produce bituminous geosynthetic barriers is quite different. A geotextilg is
unrolled and dipped into consecutive baths centaining a modified styrene-butadiene-styrene (SBS) bitumingus
formulation to obtain a bitumen-impregnated geotextile product.

All flexiblel and scrim-reinforced geosynthetic barriers made from PVC and CSPE are manufactured by a
calenderingg method. The polymer formulation is fed to a mixer from which the material exits, moves on a
conveyer tp a roll mill and passes through a set of counter-rotating rollers (calender) to form a final sheet. This
type of manufacturing gives riseto multiple plies of laminated geosynthetic barriers with an open-weave fabric
(called scrim) between the ifdividual plies.

5.3.4 Gepgrids

5.3.4.1 olyethylene (uniaxial)

Geogrids m ing
extrusion or, subsequently, in a separate operat|on formmg a regular arrangement of apertures The
perforated sheet is then stretched in a uniaxial direction under controlled conditions, inducing a high degree of
molecular orientation to achieve a higher level of tensile strength, creep resistance and durability.

An alternative method of manufacture is to make coated fibre strips which are cross laid. The joints are then
welded, for example by microwave or ultrasonic techniques.

5.3.4.2 Polypropylene (biaxial)

Polypropylene geogrids are manufactured in the same way as those made from polyethylene (5.3.4.1), except
that stretching is biaxial rather than uniaxial.
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5.3.4.3 Coated fibre
Woven and knitted geogrids are made by the same processes as described for woven and knitted geotextiles

(56.3.2.3), but with apertures left between individual yarn bundles. The woven or knitted structure is
subsequently coated. For the materials, see 5.1.5.

5.3.5 Geonets

Geonets are typically manufactured by an extrusion process, in which a minimum of two sets of strands
(filaments) are overlaid to yield a three-dimensional product. The openings between the strands permit an

5.3.6 Geocomposites

Gelocomposites are composed of at least two different geosynthetics joined together by a process such as
bonding, gluing, welding, weaving, knitting or sewing.

5.3.7 Geocells

Gejocells are three-dimensional geosynthetics used for soil confinement, inerosion-control applicafions. They
arqg manufactured either by extrusion, HDPE strip welding or geotextile strip welding.

5.3.8 GBR-C

A dlay geosynthetic barrier (GBR-C) is a factory-manufactured-geosynthetic hydraulic barrier consisfing of clay
supported by geotextiles, geosynthetic barriers, or a combination thereof, that are held together|by needle
punching, stitching, chemical adhesives or other methods:

5.4 Recycled and reworked materials

In fhe industry, three expressions are used,to-identify recycling of processed materials:
—| rework resin (RR) (or regrind);

—| post-consumer resin (PCR);

—| post-industrial resin (RIR).

It is common practige-within the plastics industry to recycle the processed material (in-house rework resin),
since it can be considered comparable to virgin material as long as it is used in small percentageg (less than
10(% for polymeriec geosynthetic barriers). Some producers manufacture geotextiles using 100 % PCR, for
example reground PET bottles. PIR is the recycling of industrial resin originating from another process or
clignt.

Regrycled materials may originate from various stages of processing following their original formulation, or
from-subsegquent processessuch-as-weavingfor geotextiles The materials may have beenusedlin service,
whether in the form of textiles or as other products such as packaging. The level of control over the quality of
the material, and thus its durability, decreases with the number of stages and processes it has gone through
after leaving the original manufacturer's plant.

The use of PCR or PIR may compromise the durability of geosynthetics. It is advisable not to use these
materials without proof of their long-term durability. The composition of the blended polymer should be
assured. For example, for HDPE geosynthetic barriers, the percentage of reworked resin should be limited.
According to GRI GM13 (revision 4, Dec 2000), items 4.3 and 4.4: “The resin shall be virgin with no more than
10 % rework. If rework is used, it must be a similar HDPE as the parent material. No post-consumer resin of
any type shall be added to the formulation.” Also, no post-industrial recycled polymer shall be added to the
geosynthetic barrier formulation.
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5.5 Additives, stabilizers, fillers and reinforcement scrims

5,51 Ge

neral

Additives play a major role in polymer stabilization. Typical additives used in the production of geosynthetics
are antioxidants, acid scavengers, metal ion deactivators, UV stabilizers, lubricants, plasticizers, lubricants,
mineral fillers and scrims.

5.5.2 Antioxidants
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s prevent deterioration of the appearance and of the physical properties of polymers caused by
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tion reactions, or by preventing the formation of free radicals and thus interrupting the ‘chain
Vith some stabilizers, the oxidation of the polymer starts only after an induction (orinCubati
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tion may be combined by mixtures of different antioxidants or by certain single-antioxidants.
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— quenc

hing of energized photochemical states by certain quenchers (e.g. certain nickel compounds);

— trapping of free radicals by certain antioxidants [e.g. hindered amine light stabilizers (HALS)].

Often a combination of different stabilizers provides the best protection.
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5.5.6 Plasticizers

In order to make a flexible compound from a rigid resin, such as PVC, plasticizers must be added. They come
in a variety of chemical compositions and molecular weights. The plasticizing additives, such as those
containing residual fatty acids (glycerol esters, laureates, oleates, phthalates and stearates), have to be
resistant to migration and leaching and may have to be protected with other additives since they are
susceptible to attack by micro-organisms.

5.5.7 Lubricants

Pr - , es. These
terials assist in the production of a calendered sheet material, and subsequent handling of a.gepsynthetic.
These products provide improved mill and calender roll release at production temperatures,yand improved

anfi-blocking properties of the geosynthetics.

5.5.8 Mineral fillers

comsiderations. They can provide some internal reinforcement for the ,eompound, while incrg¢asing the

Mii‘eral fillers, such as clay and calcium carbonate, are usually added to<the formulation for| economic
compound strength.

5.9 Scrims

A s$crim is usually an open-weave polyester fabric inserted between the individual plies of a ggosynthetic
batrier. It is used to reinforce a flexible product. Generally, s¢rims are made of 1 000 dtex filamentq spaced at
0,1 mm (specified as 10 x 10, 1 000 dtex).

6 | Environmental factors that may lead;to degradation

6.1 The environment above ground

Agging of exposed geosynthetics is mainly initiated by the ultraviolet (UV) component of solar radiation, heat
andl oxygen, with contributions from-other climatic factors, such as humidity, rain, oxides of nitrogen and sulfur,
ozone, deposits from polluted air-and pollens, and contained liquids.

The energy of ultraviolet radiation is sufficient to initiate rupture of the bonds within the polymer|leading to
sulbsequent recombination/with, for example, oxygen in the air, or initiating more complex chainf reactions.
This is a general property of polymers and is not restricted to geosynthetics. Additives increase repistance to
ultfaviolet radiation-in-a variety of ways as described in 5.5.

The resistance 10 ultraviolet radiation is affected both by the surface temperature of the sample and by
prgcipitation,\for which reason accelerated weathering tests include control of temperature and an intermittent
spray cygle. Since natural weathering is both seasonal and variable, artificial tests have the advantage not
only of‘being able to increase the intensity of the radiation, but also of ensuring that the radiation is constant,
controlled and lasts up to 24 h a day. The performance following accelerated testing is related to the duration
of exposure on site as described in 8.3.1.

In most applications, geosynthetics are exposed to UV light for only a limited time during storage, transport
and installation and are subsequently protected by a layer of soil. On the other hand, exposed geosynthetic
barriers, mainly installed at the top of slopes of reservoirs, ponds and channels, must resist for a longer time.
The need for either short- or long-term resistance to weathering therefore depends on the application.

Exposure to UV has been shown to reduce the subsequent chemical resistance of thin textiles but this has not
been observed in geotextiles. In addition, atmospheric pollution and acid rain may enhance UV degradation,
particularly of PA, for longer exposures above ground. Attacks by birds and animals have been observed
during deliberate exposure of specimens during outdoor weathering tests and in applications.
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6.2 The environment below ground

Below ground the main factors affecting the durability of geosynthetics are as follows. They apply especially to
the soil particles, soil suspension and soil water in direct contact with the geosynthetic:

— particle size distribution and angularity;
— acidity/alkalinity (pH);

— metal ions present;

— presence of oxygen;

— moistlire content;

— organic content (e.g. phenols, organic acids);
— tempgrature;

— microjorganisms.

Adequate $pecification of the soil is thus essential for proper consideration of the durability of the geosynthetic.
Soils as encountered in the world should be divided into topsoil (0,20 m/t6" 1,00 m) and underlying sediments.
Their natyre depends primarily on the underlying rock and onithe local climate, including the mean

temperature and the drainage conditions. Topsoil is a mix of weathered sediments and humus produced|by
decaying drganic material. The conditions of decay can be aerobic, with oxygen present, or anaerobic.

Sediments are deposits of minerals and lack organic material. They are generally formed by the physical gnd
chemical weathering of rocks. Silt, sand and gravel (particle size 0,002 mm to 60 mm) are formed by phys|cal
weathering, while clays (particle size < 0,002 mm) @are formed by chemical weathering. Fills and backfills
originate from sediments, where particle size and.angularity is determined not only by the manner in which the
sediment was formed but also by any subseduent industrial processing such as crushing. The rangel of
particle sizes of a soil is measured by sieving and is depicted by a graph of particle size against percentagel by
weight. Méchanical damage increases with particle size, and with the angularity of the particles. Thig is
described further in 6.4.4. Sharp-edged particles in underdrain and drainage layers can cause consideraple
}

mechanicgl damage to geosynthetigs;.in fact the exhumation of specimens after a number of years and I¢ak
detection qurveys on covered geosynthetic barriers often shows that puncture is the only form of degrada
that can be identified with certainty:

ion

The topso|l or sediments¢Can be fully saturated, partially saturated or dry, or intermittently wet and dry/ In
wetter climates, the draihage is principally downwards, drawing soluble materials to lower levels, while in dfier
climates, moisture is-rtemoved by evaporation at the surface and the resultant upward movement of the wgter
draws thege solublefractions upwards and deposits them at the surface. The water content of an unsaturated
soil is desgribediby the local relative humidity.

The temparature of the sail is constant (tn within + 05 °C) only at a depth of 10 m or maore _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 example, the daily variation in
atmospheric temperature and solar radiation is felt to a depth of 0,5 m (Segrestin and Jailloux, 1988) and even
more in Nordic regions (1,2 m to 1,5 m). Since higher temperatures increase the rates of ageing and creep of
polymers disproportionately, their effect on geosynthetic behaviour may need to be considered for material
installed close to the surface.

Similarly, very cold temperatures increase the brittleness of the polymeric material. Special considerations
apply to frozen ground or permafrost, where the combined effect of frozen soil and geosynthetic should be
taken into account.
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Topsoil generally has a pH of 5,5 to 7, but anaerobic peats or soils which have been affected by acid rain may
have a pH of approximately 4. Atmospheric carbon dioxide leads to generally increased acidity at the surface.
Limestone or chalk soils may have a pH of 8 to 8,5. Geological 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

Mineral Formula Maximum pH
Feldspar
AIDIle NaAISI3Ug J 10 1U
Anorthite CaAl,Si,Og 8
Orthoclase KAISi;Og 8t09
Sand
Quartz SiO, 7
Muscovite KAIl5(AISiO3)O04o(OH), 7108
Clays
Kaolinite Al;SiO,05(0H), 5t07
Carbonates
Dolomite CaMg(COs3), 9to 10
Calcite CaCOs 8t09

The use of bentonite and other clays in civil engineering construction, such as diaphragm wall cgnstruction,
grquting processes, sealing layers in landfill andcunnelling, causes local alkaline areas of pH values of 8,5
to 10. If the soil is treated with lime (calcium hydroxide), then the possible pH can be as high as 11. Concrete
sulbpstrates can also exhibit high alkalinity (pH'11 and higher).

6.3 Chemical and biological effects on a geosynthetic

6.3.1 General

Chemical attack is most, setious when the polymer chain backbone is broken, leading directly t¢ a loss of
mechanical properties @and; frequently, to a loss of hydraulic properties. Chemical degradation of polymers
ocg¢urs by a variety of processes including oxidation and hydrolysis, depending on the type of polymer and on
theg acidity or alkalinity of the soil. Acidity and alkalinity are expressed as pH, a scale with neutral sqgil having a
pH|of 7, lower values implying acid soils and higher values alkaline soils.

Allf chemical reactions occur more rapidly at higher temperatures, as described by Arrhenius'| Law (see
8.5.4.4).

6.3-2—Hydrotysis of PEFandPA

Polyesters and polyamides are susceptible to hydrolysis, which in polyester materials takes two forms. The
first, alkaline or external hydrolysis, occurs in alkaline soils above pH 9,0, 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 material. The rate of hydrolysis is slow, such
that the process has little effect at mean soil temperatures of 15 °C or below in neutral soils, although it can be
accelerated in acids. The rate of internal hydrolysis in a partially saturated soil depends upon the local relative
humidity. Sensitivity to hydrolysis can be reduced by selecting a polyester of sufficiently high molecular weight
[i.e. high intrinsic viscosity (IV)]. It is recommended that the number-averaged molecular weight, A4, should be
greater than 25 000 and the carboxyl-end-group count less than 30 peq/g.
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6.3.3 Oxidation of PE and PP

Polypropylene and polyethylene are susceptible to oxidation, as are most other polymers. This is accelerated
by the catalytic effects of transition metal ions in a chemically activated state at levels as low as 100 ppm
(parts per million). Of these the ferric (Fe3*) ion is the most common, but copper and manganese have also
been shown to be important. However, the sensitivity to oxidation is dramatically reduced by the inclusion of
antioxidant stabilizers or additives (see 5.5), and is retarded by the high level of orientation in polymer fibres or
ribs as are found in most geotextiles and geogrids.

For UV radiation and oxidation with limited oxygen diffusion, the rates of degradation depend strongly on
surface-to- i i i iti

6.3.4 Bigchemical attack

Biochemichl attack occurs generally by means of oxido-reduction, depending on the type of polymer and|on
the biomags growth. The conditions of decay can be aerobic, with oxygen present, or anaerobic:

In the past| 25 years, there have been no reports of microbial attack on synthetic geotextiles either in testing or
i nd. Only geotextiles containing vegetable fibres (most of which are_deliberately designed| to
degrade ophce natural vegetation has become established) and containing fibreglass scrims are likely to|be
owever, in topsoil, micro-organisms, such as bacteria and fungi, might attack geotextiles if Hey

er.

Iso,
low molecular components and certain additives could be susceptiblé.{o biodegradation, but this can|be
countered |by biostabilizers. Micro-organisms could, in theory, prediéce degradation products that attack
geotextileq§ chemically. Soil burial tests (EN 12225 and ASTM D3083) endeavour to provide a soil of maximum
biological activity to encourage any reaction that can occur, but it-is not possible to accelerate the test furthgr.

pi4

Geotextile$ in soil also come into contact with animals such\as rodents and with the roots of plants. Rodents
can locally|destroy a geotextile, while roots can penetratetand clog it. No specific tests have been proposed to
simulate aftack by rodents, while CEN/TS 14416 tests the susceptibility to penetration by roots.

6.3.5 Chpmical effects on other geosynthetic barriers

PVC geosynthetic barriers have a high chemical resistance to the majority of acids, bases, salts and alcohgls,
but the plasticizers can be affected by:benzene, trichloroethylene and toluene. The PVC structure can|be
attacked bl ketones, such as methyl‘ethyl-ketone, tetrahydrofuran and acetone. The effect is more critical in
amorphous polymers such as PVC,\where very small fractions of a chemical, often a subsidiary additive tp a
compound|liquid, have been known to cause critical failures.

fPP geosypthetic barriers can’/be affected by oxygen (see 5.2.3) and by halogenated aliphatic hydrocarbopns,
aromatics |and aliphaticZhydrocarbons. Care must be ensured when in long-term contact with the followjng
chemicals; organic acids; volatile organics, oils and waxes and strong oxidants.

CSPE angd EPDM geosynthetic barriers can be affected by industrial-waste liquids containing high
concentratjons of aromatic and chlorinated organic hydrocarbons (see 5.2.8 and 5.2.11).

Modified SBS bituminous geosynthetic barriers should not be contact with nonpolar solvents, aromatic
solvents, aliphatics or halogenics for long periods of time, nor with very strong acidic and basic solutions
(pH < 2 and pH > 9).

The sensitivity of geosynthetic barriers to microbiological attack is the same as for geotextiles.

EN 14414 describes a test for resistance of geosynthetic barriers to chemical attack in landfills, using both
specified chemicals and synthetic leachates, while EN 14415 describes a test for the leaching of additives by
chemicals, leaving the remaining polymer vulnerable to oxidative attack.

Table 3 lists the principal test methods for geosynthetic barriers.
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Table 3 — Geosynthetic barrier durability tests

Description Standards PVC EPDM fPP PE MB GBR-C
CSPE
Carbon black dispersion ISO 18553 *
Carbon black content ISO 6964 * *
Stress-cracking resistance ASTM D5397 * *
Oxidative induction time (DSC) ASTM D5885 * * *
1ISO-++357-6 * = = *
Rgsistance to weathering (UV) ASTM D4355 *
ISO 4892-2 * * * * * *
ASTM G151 *
ASTM G154 * *
ASTM G155 * *
EN 1297-1 * * by * *
CHemical resistance to liquids ASTM D5747 * * * * *
ISO 175 * p * *
EN 14030 * * * * * *
EN 14414 * * * * * *
EN 14415 * * * * * *
CHemical immersion procedures ASTM D5322 * * * * * *
ASTM D5496 * * * * * *
Rgsistance to micro-organisms EN 12225 * * * * * *
ASTM G160 * * * * * *
Oxidation ASTM D5721 * * *
ISO 13438 * * * *
EN 14575 * * * * *
Water absorption ASTM D1239 *
ISO 62 * * * *
Plasticizer content)and molecular weight | ASTM D2124
Melt flow index: ISO 1133 * *
Sdftening.point (ring and ball) ASTM D36 *
EN 1427 *
Loss of volatiles ASTM D1203 * *
Swell index of clay ASTM D5890 *
Evaluation of aged geosynthetic EN 12226 * * * *
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6.4 Effects of load and mechanical damage

6.4.1 Tensile load: creep and creep-rupture

A major difference between polymers and metals is that, at normal operating temperatures and tensile loads,
polymers extend with time, that is they creep. This is particularly important in the design of reinforced soil
structures.

At high loads, creep leads ultimately to creep-rupture, also known as stress-rupture or static fatigue. The
higher the apphed load, the shorter the Ilfet|me The hlghest Ioad which, if apphed contmuously over the
lifetime of ' ] Ng ] il as
the unfactered design Ioad Of equal |mportance is definition of the creep strain, which even at low Ioads ¢an
cause a rejnforced soil structure to reach a serviceability limit by movement or sagging without leading)to total
collapse. This can be predicted from isochronous curves (see ISO/TR 20432).

At the micfoscopic level, when a load is applied to a polymer it will cause the long-chain meolecules to stretch
or rearrange themselves. While the crystalline areas remain relatively stable under load, rearrangement takes
place in the amorphous regions, and it is noticeable that in polymers, such as polyethylene and polypropyleéne
used above lgs 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 those, such as polyester; ‘'used below ¢,. In orienfted
polymers, pn important part is played by the “tie” molecules which link one crystallite with another across the
amorphous regions. For example, in polyester molecules, the load can cause these highly stressed molecules
to change the arrangement of their side branches, resulting in a temporary<eduction in secant modulus andl in
the charagteristic S-shaped stress-strain curve. These processes of\rearrangement continue under fhe
combined gffects of load and thermal activation.

Tensile crgep for a geotextile is measured in accordance with>]SO 13431, in which a specimen generally
200 mm \ide is placed under a constant load for a¥set time, typically 1000 h (six weeks)| or
10 000 (1,14 years), and the elongation monitored. Such tests can be performed over a range of loads and, if
required, gt various temperatures (see ISO/TR 20432)..laya reinforced soil structure, part of the load carn in
fact be trapsferred to the soil so that the creep measured in air represents a maximum or conservative valug.

Creep-strajn effects in polymeric geosynthetic barriers are not generally considered in design. Installation
stresses in geosynthetic barriers can, however, diminish with time thanks to stress relaxation, the time-
dependentf reduction in stress at a constant 'strain, which is the counterpart of creep and which depends|on
the same [parameters of strain and temperature. Creep-rupture, however, can be significant, because| in
unoriented| polymers such as polyethylene, the high energy, ductile failure that occurs at short times unfer
high loads| is preceded at lower loads by a low energy, “brittle” form of failure. Although this effect is well
understood, it means that short-term tests cannot be used to predict long-term lifetimes, and leads to a “knge”
in the creg¢p-rupture characteristic. The susceptibility to creep-rupture can be reduced by the use of high
molecular weight polymer, ¢opolymerization and orientation. Long-term tests under load at high temperatufes
can be usqgd as a proof test to ensure sufficient resistance to creep-rupture.

[1%

6.4.2 Synergy oftensile load with environmental effects (environmental stress cracking)

Environmgntal effects generally have little effect on creep strain but can reduce the creep-rupture lifetimg. If
the combiped effect of load and environmental effect is greater than the addition of their individual effe¢ts,
then there is said to be synergy between them.

Environmental stress cracking is the acceleration of low energy, “brittle” creep-rupture in unoriented polymers
by fluids, particularly those which dissolve in and swell the polymer, enabling the molecules to untangle and
separate. Semi-crystalline polymers such as polyethylene are susceptible to ESC, while oriented fibres and
the ribs of drawn geogrids are resistant to it (Wrigley 1987).

Environmental stress cracking of geosynthetic barriers has been studied widely. Some fluids are chosen to
accelerate crack growth deliberately in testing. Although modern grades of polyethylene can be very resistant
to environmental stress cracking, it is equally necessary to control the presence of residual stresses in a
geosynthetic barrier introduced during production, installation or welding, and to select material suited to the
expected content of the leachate.
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Susceptibility 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 (
ASTM D5397). This provides a screening test for the selection of suitably resistant materials.

6.4.3 Effect of mechanical load on weathering and oxidation

EN 14576;

Mechanical stress can have a significant effect on the rate of photo-oxidation and thermal oxidation of HDPE

and PP, particularly in geosynthetic barriers.

6.4.4 Loading during installation: mechanical damage

Megchanical damage is caused by direct contact between the soil fill or granular drainage(layyt
gepsynthetic under pressure. Light damage consists of scuffing, scratches on the surfaces and.abrs
fibres, while more severe damage may include cuts, tears and perforations in the fabric or

geodtextiles, sheaths or coatings may be cut away to reveal the fibres they protect. The)surface ¢
angl geosynthetic barriers may be abraded, and oriented polymers may split along the direction of

The susceptibility of some geosynthetics to mechanical damage during installation“can increase

comditions. The severity of the damage increases with the coarseness and angularity of the granul
angl with the applied compactive effort of equipment, and decreases with the, thickness of the ge
Clgys and sands (dsy < 2 mm) generally produce little mechanical damage:

Seyere damage can be caused when backfill is dropped from a height)onto a geosynthetic, particd
large rocks or cement blocks are used for erosion control. More detail is given in Watn and Chew (2
damage may reduce the mechanical strength of the geosynthetic:¥WWhen perforations are present, i
thg hydraulic properties.

In general, the method of installation should preclude damage to the goesynthetic or provide a
defection and remediation (e.g. leaks). Damage can*te restricted by the choice of a suitable ma
incjusion of a protective layer. If, however, some damage is unavoidable, tests should be carried ou
a fisk that it could affect the performance of\the geosynthetic. These tests should be carri
perfformance tests, using the actual soil and equipment in accordance with accepted practice (AS
for| general guidance I1SO 13437). ISO 10722 is an index test that should only be used for com
mdterials.

Fo

strgngth caused by the damagesMore details are given in ISO/TR 20432.

6.4.5 Normal pressure:-compressive creep and penetration

Nofmal pressure can.induce long-term deformation of geosythetics and can also force a material,
gedgrid, to embodyinto a soft material, such as a geosynthetic barrier, and reduce the distance of
tricting the drainage flow. Compressive creep strain and, if necessary, the time to collapse
asured using EN 1897.
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which will lead to mechanlcal damage to the geosynthehc in @ manner similar to mechanical damage on the
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 given in ISO 13427 but
there is no test for mechanical fatigue. Geosynthetics intended to operate under severe dynamic loading on
the coarse backfill should therefore be subjected to performance tests which simulate or accentuate the site
conditions. In railway applications, dynamic loading may apply only intermittently, giving a possibility of
simulating a long service life.
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7 Evidence of the durability of geosynthetics

7.1 Historical development

Large quantities of geotextiies made from man-made fibres were used in the Netherlands after the
catastrophic flooding of 1953 which inundated 150 000 hectares and killed 2 000 people. To stop the flooding
and reconstruct the sea barriers many million square metres of woven synthetic fabric were used, partly
because at that time Europe had run out of jute for sandbags and willow fascines for seabed protection.

In the 1960s, a range of non-woven fabrics was manufactured for use as foundation, separation, and filter
layers betyeen granular fills and weak subsoils. In the 1970s, different grades of reinforcing materials, s:tch
as heavy wovens and extruded geogrids, were developed specially for such applications. The first applicatipns
of HDPE geogrids, in retaining walls in the UK, were probably in the late 1970s. Flexible polyester-baged
woven geggrids were developed starting in 1984 and the first application was in mid-1985 in a_ highway in
Malaysia. While the incentive to develop geotextiles may have originated from a shortage of natural fibres,
now geotgxtiles and geogrids are produced worldwide for their cost-effectiveness in eplacing natural
materials gnd for facilitating structures that otherwise would be difficult or impossible to build:

Studies of| geosynthetic barriers as “lower-cost canal liners” commenced in the USA in 1945, with the fjirst
experimental installation of a PVC liner in 1957 and the first installation under ¢onstruction specificationg in
1968. Preyiously hot spray-applied asphalt had been used. The first HDRE\geosynthetic barriers were
manufactufed and installed in Germany in the early 1970s with production_increasing rapidly in the early
1980s as geosynthetic barrier lining systems became a regulated requiretment in American landfills. The fjirst
prefabricated bituminous geosynthetic barrier was installed in 1974 as.a‘barrier/separator under the ballast of
a French rpilroad. While the incentive to develop geosynthetic barriers may have originated due to a shortage
of natural ¢layey soils, they are now used worldwide.

Geosynthdtic clay liners were introduced as an alternative, or’as an assist, to natural clay in the USA in the
early 1980k, with the first solid-waste landfill composite linersapplication being in 1986.

7.2 Empirical evidence of durability from geosynthetics extracted from the soil

7.2.1 Geptextiles

Will geoteixtiles last for 50 years, 100%Years, or longer? To answer this question, we should start|by
investigating empirically what has beef established over the past 45 years. Some examples giving clear
evidence of durability are given below. These observations can then be compared with the results| of
acceleratefl and other laboratory(tests.

In the ear]y period, SottonCet*al. (1982) reported on samples of non-woven polyester and polypropylg¢ne
geotextileq retrieved fronn25 sites in France, ten to fifteen years after installation. These fabrics were till
functionind as filters, separators and drainage layers. Losses in tensile strength of up to 30 % were observed,
but, with laboratory(analysis, no chemical or biological attack could be identified. It was concluded that fhe
reduction ip strength-was due mainly to mechanical damage occurring principally during installation.

In the follgwing decade (1980-1990), Leflaive (1988) reported on a 5 m high vertical wall in Poitiers, France,
which had been constructed i 19701 this case, 5 tong potyester straps had beenm embedded m 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 within the backfill but up to 40 % reduction at the point
where the straps entered the concrete facing units. Here the pH value was believed to have reached 13 to 14
at a temperature of 30 °C for some time. Subsequent analysis showed that this degradation could be
explained by alkaline surface attack (25 %), internal hydrolysis (5 % to 10 %) and mechanical damage, again
probably during installation.
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In 1990, Wisse et al. reported on samples of 1 000 g/m2 woven polypropylene, part of a quantity of four million
square metres that had been laid as the backing of block mattresses on the sea bed of the Oosterschelde in
1978 to prevent scouring. The geotextile had been in sea water at 10 °C for nine years with a local partial
pressure of 3 % oxygen. The permanent load was only 10 % of the tensile strength. The design life was
expected to be determined by the time to embrittlement of the polypropylene due to oxidation. After visual
examination and analysis to determine the remaining antioxidant content, the samples were subjected to
accelerated oven ageing and compared with unexposed samples from the original source of material.
Subsequently, the estimated time to embrittlement in sea water at 10 °C was calculated to be 80 to 120 years.

In 1994, Troost et al. reported on the condition of large quantities of woven polyester fabric retrieved from a
soil=retaining e A multi-layered geatextile-reinforced wall_4 m high with slopes of 2:1 and 4:1, was
comstructed in the Netherlands to study possible degradation of the woven polyester fabric with time. Thirteen
years later, the wall was carefully dismantled 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
souith. These slopes were partially covered with bitumen and vegetation to prevent ultraviolet attack. After the
retfieved fabric had been tested, no hydrolysis could be detected on material either {from the intgrior of the
embankment or from the protected slopes, i.e. the mechanical properties, molecular weight (A= 33 000),
andl carboxyl-end-group count (23) had not changed. On the unprotected northand south slopes, [reductions
of 15 % to 50 % in tensile strength were observed, which were concluded/to ‘be due mainly tg ultraviolet
radiation and not to hydrolysis.

In R006, Harney and Holtz investigated the degradation of a woven polyester geotextile exhumed from the
embankments of the first pile-supported bridge approach in which“geotextiles were used. Thg 100 g/m?2
myltiflament woven polyester fabric was installed in 1972 in Sweden. Samples were removed in 2001 and
tested together with some original archive material that had<fortunately been retained. Too often, archive
mdterial is not available and aged material results are Simply compared to published origingl material
specifications. When these specifications are found to be ‘exceeded, the material is considered “agceptable”,
implying no degradation. Only when aged material parameters can be directly compared to actuall measured
reference (archive) material can a true picture of degradation, or lack of it, be obtained.

Although there were a few tears in the exhumed sample (possibly installation damage), microsdopy of the
fibte surfaces showed no obvious general _degradation damage. However, there was a 50 % reduction in
mdan yield tensile strength, a reduction ef 30 % in mean elongation at rupture, a reduction of 33 P6 in mean
offget tensile modulus, and a 13 % reduction in mean 10 % secant modulus. But, since no installatipn damage
measurements had previously been_made, the relative amounts of installation damage and mechanical
degradation could not be identified.

Hafney and Holtz did note that the reduction in mean yield strength was consistent with typical reduction
fagtors used for installation, damage (1,05 to approximately 3,0) and durability (1,1 to approximately 2,0) such
as [presented by Elias (2000).

7.2.2 Geosynthetic barriers

While PVC geosynthetic barriers (geomembranes) had been used as canal liners since the mid{1950s, the
widespread—acceptance of geosynthetic barriers started with the use of HDPE to construct liners in
gedtechnical hydraulic applications in the early 1970s. They became extensively used in landfill applications in
thg 1980s. During the last 10 years, many samples have been recovered, principally from landfills| to assess
theirfunctiomat durabitity s mterestmgto Teporta few o ese findings, Hsuametat (1991t Dullmann et
al. (1993), Brady et al. (1994), Rollin et al. (1994) and Rowe (1998).

Hsuan et al. (1991) recovered high-density polyethylene geosynthetic barrier samples from a leachate pond in
service for seven years. The HDPE geosynthetic barrier was exposed at the top sections of the pond slopes
and immersed in leachate at the pond bottom. The macroscopic analysis of the recovered samples from many
locations in the pond indicated no detectable changes in the geosynthetic barrier. Only minor variations in the
microscopic properties were identified and no stress cracking could be measured in the collected samples.
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Dullmann et al. (1993) could not observe any variation in the mechanical and chemical properties of an HDPE
geosynthetic barrier recovered from a landfill cell in operation for 8 to 10 years. Brady et al. (1994) also
analysed HDPE geosynthetic barrier samples collected from many landfills. No detectable variation of their
density and water adsorption could be detected. A 50 % reduction in the impact resistance for 30 year old
samples and a negligible decrease for 15,5 year old samples was observed. The HDPE samples were found
to be more rigid and to have a lower elongation at break.

Rollin et al. (1994) analysed HDPE geosynthetic barrier samples recovered from top, slope, and bottom
sections of a seven-year-old landfill cell. A minor increase in the yield strength and a decrease in the

elongation at break were noted. The ageing of the samples collected from the cell bottom (in contact with the
Ieachate) was. Qlighfly maoare advanced than for the Qnmlnlpq callected an_and at the top of the anlnpe

More receptly, Rowe (1998) recovered HDPE geosynthetic barrier samples from a leachate pond in~senvice
for 14 years. For exposed geosynthetic barrier decreases in elongation, in the stress-cracking resistance, and
in S-OIT ($tandard oxidation induction time) were observed. On the other hand, no S-OIT variatien could|be
detected i samples immersed in the leachate.

These resuilts and others are some examples giving clear evidence of durability of HDPE-geosynthetic barriers.
The minor|variations detected in the geosynthetic barrier properties did not affect thieirfunction during their
service lifg

The US Bureau of Reclamation has performed a detailed 10 year study., on many different types| of
geosynthetic barriers installed in 34 test sections of irrigation canals in the northwest United States. A final
report was|issued in 2002 by Swihart and Haynes. Subgrades were described as “severe rocky”. Four gengric
types of liners were assessed: fluid-applied, concrete alone, exposed‘geosynthetic barrier, and geosynthgtic
barrier wit:E concrete cover. The durabilities of these four generic types in this very challenging environment

were assepsed as 10 to 15, 40 to 60, 10 to 25, and 40 to 60 years;.respectively. Of the geosynthetic barrigrs,
the followi

g observations were made after 10 years of exposure:

— HDPH. Elongation down 90 %, OIT down 30 %, predicted service life 20 to 25 years.
— PVC/geotextile composite. Elongation down 70:%, predicted service life 10 to 15 years.
— Hypalpn. Tear strength down 60 %, predicted life 10 to 15 years.

After 10 ydars of exposure.

— EPDM. Elongation down 30 %, predicted service life 15 to 20 years.

— LLDPE. Tear strength down10 %, predicted service life 10 to 15 years.

It must be hoted that subgrades were very rough, there was very little maintenance of the liners and they wgere
continuougdly subject tgvandalism and animal damage.

Breul (200B) reports that the bituminous liner installed directly under the ballast in the French railroad in 1974
was “still working well” in 1999.

One of the first HDPE liners in Germany was installed in 1974 to contain jarosite sludge. A second facility was
lined in 1984. Tarnowski and Baldauf (2006) reported the results of testing performed in 2005 on samples
removed from both ponds. After 31 years, they found little change in the uniaxial tensile yield stress and
elongation or in the break strength. However, there was a reduction of 70 % (30 % retained) in the break
elongation. The single-point notched constant tensile load stress-cracking resistance (SP-NCTL) was a very
low 5 h, and S-OIT on a full thickness specimen was 5 min, indicating that some of the antioxidant additive
package was still present. However, to further assess S-OIT, specimens were taken from the exposed surface
layer and from the centre of the geosynthetic barrier. Geosynthetic barrier thickness was not identified but was
probably 2,5 mm.
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After 21 and 31 years, the surface layers of the 1974 liner had S-OIT values of 71 min and 0 min, respectively,
while the centre sections had values of 8,8 min and 4 min, respectively. After 21 years, the 1984 material had
5 min on the surface and 65 min in the centre. As expected, the surface layers lose their protection and
oxidize first. There is some truth to the old saying that “thicker is better”.

That surface layers oxidize first means that, under any applied, induced, or residual stress, stress cracks will
initiate first on the surface. Once initiated on the surface, they will propagate faster through the original core
material than they would have done if the surface had not been oxidized. Thus, Tarnowski and Baldauf state
that the use of retained standard OIT is a more sensitive way of assessing material durability after accelerated
ageing than by using tensile properties. They also state that initial OIT, retained OIT after thermo- and

phata-oxidation e king re ance “are abili nropertie ell define

[HIDPE] geosynthetic barrier specification”.

= e ( Q_De

A 0,5 mm thick PVC geosynthetic barrier installed in an aquaculture pond in 1971 was tested|by Ne
(2401) after samples from above and below the water level were removed in 2000. Samples we
comditioned for laboratory testing. All properties met the NSF 54 standard first introduced-in 1983. |
wap noticed that when conditioned, the samples from below the water level were;somewhat stiffe
after they had been removed, as had been observed is other similar situatiens. ‘It is conclude
chg¢micals that could be responsible for the extraction of plasticizer during ~service themselV
plassticizer, provided the solution remains in contact with the liner. However,"when the PVC is ren
thg solution, the chemicals volatilize out of the PVC leaving it stiffer because of the reduced amoun
plasticizer. Therefore, it should not be assumed that a PVC geosynthetic barrier at the time of testi
same condition as it is under a liquid.

Thick PVC geosynthetic barriers plasticized with solid rather than liquid polymers have performe
exposed service for about 20 years on the upstream faces ¢f:dams high in the Alps, without any €
sufface degradation.

Polypropylene geosynthetic barriers introduced in therearly 1990s, both unreinforced (fPP) and
(RIPP), have had mixed performances. Some RPP-test samples for exposed landfill caps have work
14 |years and a full-scale-exposed cap has performed well for over 9 years (Congdon et al., 1998).

lingrs have worked well for over 15 years. However, there have been some stress-cracking p
exposed liners, tank liners, and floating covers (Peggs, 2006) as a result of loss of additive

Regearch on this wide-ranging behaviquf_and on the best way to specify a durable PP geosyntheti
ongoing.

7.2.3 Geogrids

Dug to their relatively short.times in service, geogrid performance has not been investigated to
extent that geotextile @and” geosynthetic barrier performances have been evaluated. In general,
Bathurst (2002) have.observed that, in reinforced walls, the actual loads on the reinforcement elg
well below values{required to cause creep-rupture over the design life of the structure and in s
crgep appears_tochave stopped completely. Thus, mechanical durability is implied to be adequate.

Goopd perfartmance over an 8 to 9 year service period has been reported by Bright et al. (1994)
geodgrid soil-reinforcing elements in a concrete-faced mechanically stabilized retaining wall in Arizon
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comparison with archive samples, they found “no significant change” in ultimate strength and stra

After 10 years of service in the aggregate under railroad tracks on top of a retaining wall at the entrance to
Karlsruhe’s main station, Jenner and Nimmesgern (2006) found that the tensile break strength of the HDPE
geogrid still met the original material specifications but that break elongation was a little lower. Direct
comparisons with archive material were planned but were not reported. Oxidative-induction-time
measurements were also planned but not completed. The geogrid, the top layer of wall reinforcement, was
covered by 70 cm of aggregate below one rail and 50 cm below another rail. There was some mechanical
abrasion damage on the surface of the geogrid in the latter location, but not in the former. In the latter case,
there were also a few cracks running along the oriented ribs (completely through the thickness of the rib) and
sometimes across the transverse bars from rib to rib. In the deeper aggregate area, there were only a few
surface cracks in the ribs. No distinction was made between installation damage and damage incurred during
service.
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Probably the most comprehensive exhumation study of geogrids was performed by Elias et al. (2000) for the
US Federal Highways Administration. A total of 24 geosynthetic samples, both geogrid and high-strength
geotextiles, including HDPE. PP and PET were exhumed from 12 sites after being in service for up to
20 years. A comprehensive testing programme was performed on the materials, including S-OIT on HDPE
and carboxyl-end-group count and viscosity on PET. Again, no installation damage had been previously
identified so separation of installation damage and in-service mechanical damage was not possible. Elias et al.
stated this is an essential component of durability studies as is full polymer characterization of the actual
material, either at the time of installation or via archived and properly stored material. There appeared to be a
small amount of hydrolytic degradation on the PET and no measurable OIT loss in either the HDPE or PP,
implying no microstructural degradation. They felt that such degradation would only become evident after
about 30 years in service

7.3 Summary

In general{ the durabilities of geosynthetics are proving to be very good, but a 30 year practicabhistory is gtill
not very long considering that some facility owners are looking for 1 000 year or more servige lifetimes for the
containmept of such items as low-level radioactive wastes. Nevertheless, where it has been done, the rat¢ of
mechanicdl degradation appears to be within quasi-theoretical calculations, using established reduction and
safety factprs. For potential field durability studies, it is important to define the amount of installation damage,
to fully characterize the polymers and to retain properly stored archive samples.\The archive samples are
extremely |important since, in such a young technology, tests are modified\with time to focus on rew
parameter$ that may not have been used at the time of installation. For instance, consider the use of OIT to
assess PH and HDPE degradation rather than mechanical properties, and-now the trend toward HP-OIT|as
opposed tp S-OIT. Also as we are discovering, it is important to note.that basic polymers, copolymers, and
UV/thermdl additive formulations, change with and within manufacturers, so data generated on one gradg of
material mpy not apply to another.

8 Prockdure for assessment of durability
8.1 Intrpduction

8.1.1 Need for testing

Many civil|engineering structures are designed for long lifetimes, typically 100 years or more. Established
materials, puch as masonry and steel{’ have been used for centuries and, with appropriate maintenance, have
proved dufable over that time. As described in Clause 6, geosynthetics have only been in existence since the
1960s and the plastics and polymer fibres from which they are made were invented in the 1930s or later.
A durability of 100 years canngttherefore be demonstrated from experience alone.

Much is nqw known, however, about the manner in which plastics degrade, the rate at which this occurs, gnd
how it can|be prevented.\Based on this knowledge, simple tests have been established from which a minimum
durability df 25 years ¢an be predicted with reasonable certainty for the commonest geosynthetics.

With current khowledge, it is not possible to define a complete set of index tests for a lifetime greater than
25 years, {or-any such tests would be of too long a duration for measurements to be made in advanceg of
construction. Prediction of durability for such liietimes has to be made on ihe basis of a mixiure of
extrapolation from experience and accelerated testing.

8.1.2 Scope of durability assessment

Clause 8 describes the procedures to be followed in the assessment of durability of geosynthetics on the
basis of existing practice. It is important to consider all the chemical and physical processes that could,
potentially, affect the properties of his geosynthetic over its service lifetime. The assessment relates solely to
the geosynthetic and not to the soil structure in which it is used. It is not possible to predict mechanisms which
depend on both soil and geosynthetic, for example clogging or frost, without detailed information on the sail
and on the hydraulic properties of the site.
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Satisfactory durability depends heavily on the quality of both design and installation, particularly for
geosynthetic containments such as landfills and reservoirs. Most failures that have occurred to date have
been due to faulty design, incorrect choice of material, and poor or uncontrolled installation practices. Reliable
assurance of durability of a geosynthetic has to assume that it has been correctly installed on site. Joints and

we

Ids made on site are therefore excluded.

The procedure for assessing long-term durability is described in 8.5. Reference is made to the following
subclauses:

material (8.2.1);

8.2

Th

8.2

Th
filtr
life)
fail
reg
typ

function and application (8.2.2);
environment (8.2.3);

mechanism of degradation (8.2.4);
design life (8.2.5);

“end-of-life” criterion (8.2.6).
Procedure

1 Material
e material should be defined in terms of the following, further details being given in Clause 5:
the generic chemical nature of the polymer and.other components, such as additives and coatir

the physical structure of the geosynthetic, “e.g. thick or thin fibres forming a woven or non-wg
extruded grid, coated fibrous strip, geosynthetic clay barrier, continuous sheet;

joints forming part of the structure-0f'the geosynthetic.

.2 Function and application

b functions of the geosynthétic should be defined, as described in ISO 10318, as barrier function
ation, protection, reinfercement, separation and surface erosion control. Not all these function
time of 100 years-"Some applications, such as construction roadways (separation) or preven
ure during settlement (reinforcement), are temporary by design; in others, it may be easy t
lace the geasynthetic. Soil reinforcement, drainage and barriers for landfill and tunnels, ho
cal examples of where a long lifetime is required and repair or replacement are possible on

ex

8.2.3-. Environment

ense.

gs;

ven fabric,

, drainage,
5 require a
ion of slip
D repair or
vever, are
ly at great

The environment should be defined as in 6.1 (above ground) and 6.2 (below ground), including the design
temperature for the application in hand. In the absence of a specific design temperature, 20 °C should be
used as the default value for applications below ground, noting the comments on extreme situations given
in 6.2.
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8.2.4 Mechanism of degradation

Each aspect of the environment, and its potential degrading effect, should be considered for each application,
as defined in 8.2.2, and placed in order of significance. Some aspects may be considered as not significant.
Others may be significant only when considered in combination (e.g. pH and temperature). Types of
degradation that should be considered include the following (for guidance see 6.3 and 6.4):

8.2.5 Design life

mechanical damage due to coarse soils, leading to a reduction in strength, or to perforations;

oxidation (e.g. of PP and PE), leading to a reduction in strength or surface cracking, retarded by the

n-aof-o dantctabilizara

inclus LILIA4 untiuxiuulu OluUIIILUI\J,

photojoxidation due to ultraviolet light, general weathering;

hydrolysis (e.g. of PET and PA) in aqueous solutions, leading to a reduction in strength;

alkalirle attack (e.g. on PET and on additives in PP and PE), leading to a reduction in“cfoss-section gnd
strength;

acid aftack (e.g. on PA and on additives in PP and PE) under aerobic conditions;leading to a reduction in
strength;

the effect of solvents, which may swell polymers, leach out additives or cause environmental strg¢ss
cracking under load;

the effects of waste effluents and leachates;

compilessive or tensile creep;

freezs

The desigr

8.2.6 The “end-of-life” criterion

The end of

It should e related to the application and function and, where possible, defined quantitatively (see 4

Examples

30

perce

perce

-thawing, wet-dry cycles and ion exchange (principally of GBR-C).

life should be defined as described-in 4.3.

life should be defined, This is the point when the geosynthetic can no longer function satisfacto
pf end-of-life criteria are
ntage reduction in strength and/or elongation (e.g. 30 %),

tagesreduction in drainage cross-section (e.g. 50 %),

ily.
5).

obseny

ed‘rupture

increase in permeability (e.g. 25 %), and

residu

al antioxidant stabilizers in PP or PE (e.g. 10 %), preceding mechanical degradation.
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8.3 Degradation during storage and installation

8.3.1 Weathering

The effect of weathering should be defined. Many geosynthetics are exposed to light during storage and on
the construction site but are covered in service. Degradation during exposure to light is due to the ultraviolet
component of solar radiation, whether direct sunlight or diffuse light, aided by heat and moisture. Some
weathering effects are due to the alternation of day and night or of wet and dry periods.

Itis therefore recommended that all geosynthetrcs should be tested for their resrstance to weatherrng, using
anfa f f ang moisture,
su¢h as ASTM D4355 and EN 12224

EN 12224 is based on the 50 MJ/mZ2 radiant exposure (quantity of incident ultraviolet radiation), corfesponding
to pne month’s exposure in Southern Europe in summer. The strength retained by a geotextile at|the end of
the test, together with the specific application of the product, will define the lengthrof'time during which the
mdgterial may be exposed on site, as shown in Table 4:

Table 4 — Installation exposure period for geotextiles

Application Retained strength after testing Maximum exposure time
according to EN 12224 (uncovered) during installation
Reinforcement or applications >80 % 1 month @
whers ong erm srngth s 0% 1050 %
<60 % cover on day of installation
Other applications >60'% 1 to 4 months @
20y% to 60 % 2 weeks
<20 % cover on day of installation
@  Exposure of up to four months may be‘aeceptable, depending on the season and location.

In the case of geosynthetic barriers, no testing is considered necessary if the exposure time on gite is less
thgn three days and the barrier_remains shielded from light throughout its lifetime. If the exposure time is to be
up fto 1 year, then the material'should retain 75 % of its initial strength and elongation after a radiant exposure
of 850 MJ/m2, based on-a tést irradiance of 40 W/m2 and water sprays of 1 hin 6 h.

Extended artificial-weathering tests using methods similar to those in EN 12224 are required fof materials
whjch are to be{exposed for longer durations. If the radiation is increased too much, the temperature of the
gepsynthetic_rises to a point where the accelerated test is no longer representative of the perfgrmance in
sefvice. This\imits the degree of acceleration to about a factor of three, with the result that many yeprs’ testing
mgy be required to simulate the service life of a geosynthetic exposed permanently to light.

For geotextiles, the effect of damage during installation should be determined (see 6.4.4). For geosynthetic
barriers damage during installation is limited by strict control of the materials in contact supported by a
geophysical survey of the complete installation. In the case of poor installation procedures, defects will be
introduced which are likely to lead to premature failure. Testing for the effects of damage may not be relevant.
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8.4 Short- and medium-term applications of up to 25 years

For applications where the geosynthetic has a design life of less than five years in natural soils and the
consequences of failure are low, only tests for weathering and, if relevant, mechanical damage are necessary.
In some such applications, the soil structure itself may have a longer design life, but the geosynthetic no
longer plays an essential part.

For applications with design lives up to 25 years in natural soils, with pH values between 4 and 9, and at
temperatures less than 25 °C and for PE, PP and PA 6 and 6,6, durability can be assured on the basis of
screening tests. These index tests, ISO 13438 EN 14030 EN 12447 ASTM D5819 ASTM D62

ASTM D6
durability.
acceleratefl testing but are not intended for the purposes of life prediction. The conditions in the tests

generally oo extreme, necessitated by the short duration required, for the test to simulate the conditions
service. For EN 12447, however, which covers the hydrolysis of polyester fibre products, therelis suffici

confidence
activation

It is emphd

lifetime mgy be greatly in excess of 25 years.

Screening
for the pre

8.5 Ass|

8.51 Ge

For all situ
situations i

Consider dll thoseitems listed in 8.2.4 and in addition:

32

all applications with design lifetimes exceeding 25 years,

all applications of polyester in highly alkaline environments with pH >10,0, particularly in the presencd
lime, gement or concrete, or for long design lives with pH >9,

applic

applic

than Q °C for a significantperiod,

recycl
of thei

able 3 I|sts correspondlng tests for geosynthetlc barrlers These are based on the methods

to state a minimum strength retention after 25 years on the basis of the index_i€st, implying
energy of 105 kd/mol.

sized that these tests are intended to ensure a minimum level of durability{only and that the act

tests are not intended to be regular quality-control tests, nor do they. provide sufficient informat

essment of long-term durability

heral

nclude

htions of polyamide in aerobic acid environments, landfill sites or contaminated ground,

htions in which the_geosynthetic is likely to be exposed to temperatures greater than 25 °C or I

bd materials,_for which manufacturers are expected to maintain sufficient control over the uniforn
r feedstock:

Hiction of time to failure, since the degree of acceleration varies from one polymer type to another.

13

ent
an

ual

ion

ptions other than those described in 8.3 and 8.4;-make an assessment of long-term durability. Stich

of

PSS

nity

past experience, noting the conditions of that exXperience,

results of tests, whether index or performance tests: in performance tests the general method for testing
and evaluation is defined; certain parameters are site-specific, such as the choice of backfill or landfill
leachate;

sites on which the geosynthetic is currently being monitored;

the confidence in the data and the relation between the duration of testing and the design life.
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8.5.2 Index test for long-term durability of polyester geosynthetics

It is as yet premature to define simple index tests for ensuring lifetimes exceeding 25 years. Current opinion,
however, is that if a geosynthetic based on polyester multiflament yarns has a number-averaged molecular
weight, M,,, measured to ASTM D2857 exceeding 25 000 and a carboxyl-end-group count no greater than 30,
then it should be durable for 100 years in saturated natural soil with 4 < pH < 9. This is based on a limited

though increasing body of evidence.

8.5.3 Evidence from service
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TSiderany refevantevidernce frommgeosynthetics whichrave beermrimservice:

asurements of the degradation in real service environments are the most authoritative~ev
ability. Since geosynthetics have only been used since the 1960s, however, the evidence fo
ability is limited and frequently incomplete, or relates to conditions that differ from-those for
essment is being made. Some examples are given in Clause 7. Where such information is av.
pwing should be noted.

As much information as possible should be obtained on the material jtself, as described in (
possible, archive material produced at the same time should be ‘made available for c
Unfortunately, the value of data from archive material can be limited*because the storage cond
not been controlled or defined sufficiently. Thus, the importance of well-defined analytical data

The environment should be defined in as much detail as possible, as described in 6.1 and 6.2.
The duration over which the material was in service.
All observed changes.

e effects of mechanical damage and of exposure to light during installation, whether correctly or
formed, should be identified so that they can be separated from long-term degradation. It may k&
ind areas of material which have not been\damaged or exposed to light for comparison.

e rate of change should be determined, noting that it may vary with time. It should relate to the
jradation believed to be dominant for the geosynthetic, and should be statistically significant.
t nothing has changed servesenly to help provide an assurance of durability for comparable life]
ironmental conditions experienced in the past should be related to the future design conditions
quently more severe than\those actually experienced. When accelerated tests have been perforn
possible to use the parameters of Arrhenius’ formula to convert from one temperature to another|

quently, the material used in the past will differ from that for which an assessment is to be n
ire. Products_change with time and it will be necessary to make a subjective judgement on t
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The rate of change, adjusted to future design conditions, should be extrapolated to the service life to establish
whether the “end-of-life” criterion will have been reached. Extrapolation should use a formula based on the
degradation mechanism if one is available. If not, the simplest formula that fits the measurements should be
used (Occam'’s principle). Power law relations are recommended; polynomials are not. Computer-assisted fits
and predictions should be regarded with caution unless the basis for the calculation and its limitations are
understood. Particular care should be taken in using logarithmic scales which condense long periods of real
future time into conveniently short distances on a diagram. Current practice is to extrapolate by durations of
up to ten times without penalty; extrapolation by larger amounts should incur a precautionary factor unless
supported by other data — see, for example, 1ISO 20432:2007, Clause 10. The user should never forget how
long a hundred years really is. Ultimately, he is the judge of what is acceptable.
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8.5.4 Accelerated testing

8.5.4.1 General
Perform appropriate accelerated tests.

In accelerated testing, the rate of degradation is increased by increasing the frequency of the degrading agent,
by increasing the severity of the agent causing degradation, or most commonly by changing the temperature.
For stabilized materials, further acceleration is possible by intensifying the leaching process (e.g. evaporation,
extraction, migration).

8.5.4.2 ncreasing frequency

Increasing|the frequency of the degrading agent is only possible when the agent is intermittent. The method is
widely usdd in industry, for example automobile design. For geosynthetics, this method is only*relevant in
cases such as traffic loading and tidal surges, where the duration under actual load can be condensed intp a
period shqrt enough for testing to be performed under conditions that are otherwise equivalent to those
anticipated in service.

8.54.3 ncreasing severity

Increasing| the severity of the agent of degradation includes methods (stich as raising the chemijcal
concentratjon, the availability of oxygen, the intensity of UV radiation (see 8:3.1) or the mechanical load. If the
relation between the rate of degradation and the severity (or concentration) is known, then it may be possible
to define @ single test. If not, multiple tests should be performed.int order to determine both the rate of
degradation and its dependence on the intensity of the agent. In creep-rupture, for example, a range of hjigh
loads is arﬁ)lied to different specimens and the times to rupture,monitored. A graph of load against time] or
more commonly the logarithm of time, defines the time to ruptare (the inverse of the rate of degradation) and
how this time depends on load. The graph can then be extrapolated from the short lifetimes and high loads
used in tegting for the long lifetimes and lower loads applied in service, with the object of defining a desjgn
load corregponding to the service lifetime. For further details, see ISO/TR 20432.

8.5.44 ncreasing temperature
Temperatyre is very widely used to accelerate’both chemical and physical processes. Prediction of long-tgrm
degradation from accelerated tests is onlywvalid if the mechanisms of degradation and failure are the same at
all the test|temperatures and the service)temperature.

Extrapolatijon makes use of the Arrhenius formula,

A= dyexp|-E/(R-T)

'

iy the rate of degradation;

a-constant;

AN
o

E is the activation energy of the process, in J/mol;

R is the universal gas constant (8,314 J/mol-K);

T is the absolute temperature, in K (temperature in °C + 273,15).
Tests are set up at different temperatures and the rate of degradation, 4, measured in each case. This “rate”
may, for example, be a rate of diffusion, the inverse of the time to failure or the inverse of the time to halve the
strength. The natural logarithm of the rate of degradation (In4) is then plotted against the inverse of the

absolute temperature (1/7). If the points lie on a straight line, the line can be extrapolated to derive the rate of
degradation at the service temperature. The gradient of the line is —E/R.
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