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Preface 

 

CUR Building & Infrastructure in the Netherlands has identified the need for a publication 

on durability of geosynthetics. It is focused on the designer, the quality controller and 

supervising engineer on site and the owner of a project, and should also be of use to other 

interested parties such as manufacturers, testing institutes and students.  

 

This publication addresses the various mechanisms by which geosynthetics degrade, lists 

tests which could be specified to measure the long term effects, and the methods by 

which the tests can be evaluated in order to determine the expected lifetime of a 

geosynthetic. Individual chapters describe the types of mechanism, based on the 

requirements for 100 years service life. 

 

The present Harmonised EN standards do not help the engineer who has to design or 

approve a geosynthetic material for a service life of more than 25 years. There is a need 

for instructions on how to solve this problem and to identify the experts who can make the 

assessments. 

 

The publication is intended for use by civil engineers who have a limited knowledge of 

chemical engineering or polymer technology, but who have to check the service life and 

are aware of the degradation of geosynthetics and also have knowledge of design with 

reduction factors, for example with reinforcement applications. We have tried to prevent 

as much as possible the use of chemical and polymer formulations, formulae and 

equations in the text. In some cases it was not possible to prevent it, in other cases an 

attachment was made with a basic chemical description. 

 

At the same time the publication gives a state-of-the-art report of the various methods 

which are available to test and assess the life-limiting mechanisms. It describes the 

evaluation methods and describes how to make an assessment. This assessment can only 

be made by experts. The names of accredited testing institutes and certification bodies 

are given. 

 

It covers the use of geotextiles, geogrids, drainage mats etc. in most civil engineering 

applications (see chapters 1.3 and 2.2 for more information). However it does not cover 

the use of geomembranes and geosynthetic clay liners, the application of which is in a 

different market segment. Furthermore geosynthetics of biodegradable material are not 

discussed, because the lifetime of such materials is not important - they are made to 

degrade quickly! 

 

This publication was prepared under the responsibility of CUR committee C187 "Durability 

of geosynthetics". 

 

Section 1 has been written by W. Voskamp MSc. 

Section 2 and 3 have been written by Dr. J. H. Greenwood 

Dr. H.F. Schroeder is the co-author of chapters 3.1 and 3.2  

For chapter 3.3. the co-authors are Dr. H.F.Schroeder and Dipl.-Phys. P. Trubiroha 

 

Sections 2 and 3 are based on seminars on "Life prediction in geosynthetics" held in 

Leatherhead, Würzburg and Dubai over the period 2000-2008. 
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Guidance for the use of the report 

 

The first section of the report is to be used by engineers, supervisors and owners who are 

interested in the general requirements of durability aspects or who need to specify and 

approve material based on a required service life. 

It contains a general introduction of geosynthetics, a description of the various steps in 

design focussed on durability and the determination of the service life of geosynthetics. 

Practical information is given and steps identified for the engineer and supervisor to follow 

to determine the service life. Detailed information is given in attachments, including the 

design procedure and the quality control procedure. 

 

Chapter 1 contains: 

- A brief introduction of geosynthetics.  

- It is followed a chapter which describes why it is necessary to predict the lifetime of 

geosynthetics.  

- Design aspects and material properties. Various subchapters describe: 

o Failure mechanisms 

o Detailed design of geosynthetics 

o Various design aspects and material aspects  

- Durability aspects for design 

o Reduction factors for reinforcement; and drainage and filtration 

o Maximum lifetime < required service life 

- Durability assessment 

o Required service life up to 5 years 

o Required service life up to 25 years 

o Assessment of long term durability (more than 25 years) 

 Approval procedure during tendering (focussed on durability aspects) 

 Assessment certificate 

 Verification of supplied material 

 Expert assessment institutes 

- Quality control aspects 

- Guide to establish the long term properties of geosynthetics based on durability 

 

Attachment A:  Design procedure and design of the geosynthetic. 

Attachment B:  List of comparable EN, ISO and ASTM test methods 

Attachment C:  Steps to be taken to assess the durability in accordance with  

prEN 13249 – prEN 13257 version 2011. 

Attachment D:  Accredited test and certifying bodies 

Attachment E:  Quality control according to EN standards 

Attachment F:  Examples of CE documents 

Attachment G:  List of relevant standards 

 

The second section of the report contains more detailed information. 

It describes the applications and types of geosynthetics in detail. It is followed by an in-

depth description of all durability aspects, including a description of the mechanism, the 

test methods, extrapolation methods etc. This section is for test laboratories and super-

vising bodies and manufacturers, who want to know all the aspects. It can be used as a 

description of the present knowledge. 
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Chapter 2 gives: 

- Detailed introduction in geosynthetics, polymers and additives 

- Various applications and related durability requirements 

- Environmental aspects 

- General durability aspects and introduction to  

o Required and available properties 

o Extrapolation of measured / tested data 

o Reduction factors 

o Accelerated testing 

 By increasing frequency 

 By increasing severity 

 By increasing temperature (Arrhenius' formula) 

o Uncertainty of extrapolation 

o Changes in the state of material 

o Index tests 

o Limits of prediction 

 

Chapter 3 addresses the various degradation mechanisms: 

- Oxidation 

- Hydrolysis 

- Weathering 

- Tensile creep 

- Compression creep 

- Mechanical damage 

- Method of life prediction 

o Reinforcement 

 Creep 

 Calculation of reduction factor for installation damage 

 Calculation of reduction factor for weathering 

 Calculation of reduction factor for chemical degradation 

 Factor of safety regarding reduction factors 

 Residual strength 

o Drainage, Filtration 

 Reduction factor for instantaneous compression 

 Reduction factor for instantaneous intrusion by the soil 

 Reduction factor for time-dependent compression of the core (compressive 

creep) 

 Reduction factor for time-dependent intrusion of the soil 

 Reduction factor for chemical degradation 

 Reduction factor for particulate clogging 

 Reduction factor for chemical clogging 

 Reduction factor for biological clogging 

o Data and extrapolation of exhumed material 

o Remanent life assessment
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Chapter 1  

Introduction to durability 

assessment 
 

W. Voskamp 

1.1 Introduction 

Geosynthetics include a variety of synthetic polymer materials that are specially fabricated 

to be used in geotechnical, geo-environmental, hydraulic and transportation engineering 

applications.  

With few exceptions geosynthetics consist of polymers, whether in the form of textile 

fibres, extruded sheet, coatings or more clever characterizations. 

 

The International Geosynthetics Society lists as main application areas: 

- Unpaved Roads 

- Road Engineering 

- Railroads 

- Walls 

- Slopes over Stable Foundations 

- Embankments on Soft Soils 

- Landfills 

- Wastewater Treatment 

- Hydraulic Projects 

- Drainage and Filtration 

- Erosion Control 

- Agricultural Applications. 

These application areas are described in much detail in chapter 2.2  

 

It is convenient to identify the primary function (based on the EN standards) of a 

geosynthetic as being one of:  

 

- separation (soil layer separation), 

- filtration (soil retention and cross-plane water permeability),  

- drainage (in-plane water discharge),  

- reinforcement (soil strengthening),  

- containment (ballast and structural elements),  

- hydraulic barrier (lining and leakage prevention), 

 

For practical reasons we add to this list in this report, in line with earlier CUR and PIANC 

reports: 

- erosion control (surface soil wash-out or scour at structure foundations).  

- protection (prevention of damage to the geosynthetic) 

In some cases the geosynthetic may serve multiple functions. 
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The erosion protection function, although it in fact is a combination of 2 functions, is 

added here as an important application of geosynthetics in waterfront and marine 

applications. 

 

The term containment is used to describe the encapsulation of sand into geotextile bags, 

containers or tubes. Sometimes the term confinement is used for this application, but the 

term containment is mostly used in the literature and therefore also used in this report. 

 

The types of geosynthetics can be divided in: 

- Geotextile 

o Woven material 

o Knitted material 

o Nonwoven materials 

 Thermally bonded 

 Mechanically bonded (needle punched) 

- Geomembrane 

- Geosynthetic Clay Liner 

- Geogrid 

- Geonet 

- Geocell 

- Geomat 

- Geocomposite 

- Geofoam 

Details of these geosynthetics are given in chapter 2.1. 

 

They can be made of various types of polymers, each of which have different charac-

teristics and will therefore influence the performance of the products. 

 

Geosynthetics are manufactured from the following main types of polymeric materials: 

- Polyester (PET); 

- Polypropylene (PP); 

- Polyethylene (PE); 

- Polyamide (PA); 

- Polyvinyl alcohol (PVA). 

 

No geosynthetic product is made of 100% polymer resin. The primary resin is mixed, or 

formulated with antioxidants, screening agents, fillers and/or other materials for a variety 

of purposes. The total amount of each additive in a given formulation varies widely. The 

additives function as UV light absorber, antioxidants, thermal stabilizers, etc. 

 

The types of polymers and their characteristics are described in chapter 2.2 
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Material aspects 

- PP and PE are mostly used for filtration materials.  

- PET is specifically suitable for reinforcement applications, because the creep is low.  

- Nonwoven and woven fabrics can be used for filter and separation applications 

because the tensile loading in these cases is limited.  

- Typically a geogrid made of extruded PE, strips containing PET fibres or a heavy PET 

woven fabric is used in reinforcement applications when high tensile loadings must be 

taken up at low strain.  

- Nonwovens are, due to thickness and elongation of this material, often used for 

filtration, containment and protection of barrier applications.  

- High density Polyethylene (HDPE) and Low Density Polypropylene (LDPE) are used as 

barrier materials. 

 

According to Koerner (2005) the main advantages of geosynthetics are: 

- They are quality-control manufactured in a factory environment, 

- They can be installed rapidly in many cases, 

- They generally replace natural resources 

- They generally replace different designs using soil or other construction materials 

- They are generally cost competitive against the soils or other construction materials 

that they replace or augment 

- Their technical database (both design and testing) is reasonably established 

 

Geosynthetics can be used in different environmental conditions: 

- In the ground 

- Above the ground. 

- Under water 

- Above water 

- At the level of the water table 

 

These environmental conditions influence the projected service life of the geosynthetic.  

Factors of influence are: 

- Temperature of the soil 

- Rainfall 

- Type of soil and particle size 

- Method of installation 

- Chemical composition of the soil 

- Intensity of UV 

These conditions and their effect on the projected service life of a geosynthetics are 

described in detail in chapters 2.2 and 2.3. 

 

The various degradation mechanisms are described in chapter 3. They are important for 

the determination of the service life of a geosynthetic. A sufficient service life or lifetime of 

a geosynthetic is essential for the safety of the structure in which it is used. The design 

aspects are discussed later chapters 1.3 and 1.4. 
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1.2 Why predict lifetime? 

 

Definitions: 

Required / Design life or lifetime is the required time during which the geosynthetic 

must possess all required properties in the specified conditions. Sometimes the term 

required service life is also used for this design requirement. 

Expected or projected service life is the lifetime of the material during which the 

geosynthetic is expected to possess all required properties in the specified conditions 

to guarantee the design factors of safety, based on a durability assessment. 

Lifetime assessment is an assessment made by experts of the projected service life of 

a geosynthetic. 

 

General 

Most commonly a manufacturer, design engineer or installer has to demonstrate to the 

buyer or final owner of a structure that, as far as anyone can predict, the geosynthetic will 

last for the projected service life.  

The projected service life can be the same as the required lifetime of the structure, for 

example in the case of a:  

- roadway 

- reinforced wall 

- dam 

- tunnel  

- landfill. 

 

Not all structures depend on geosynthetics for their whole lifetime. In some cases the 

geosynthetic has a temporary function, such as: 

- the stabilization of a dam against slip failure until the soil has consolidated 

- an embankment over a weak soil which requires reinforcement only until the soil has 

compacted 

- in a temporary (access) road 

- vertical drainage (PVD) under an embankment to increase the consolidation of the 

subsoil. 

 

To illustrate this some examples of contrasting design lifetimes are given in the box below.  

 

Separator as construction aid 0.5-1 year 

Separator (permanent) 80-100 years 

Filter in drainage applications, replaceable 10-25 years 

Filter in drainage applications, not replaceable 80-100 years 

Reinforcement in a dam against slip failure 5 years 

Reinforcement in retaining structures 80-100 years 

Prefabricated vertical drain 1-3 years 

Landfill liner, drainage and protection 100+ years 

Tunnel liner 100+ years  
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Degradation of polymers 

Geosynthetics can be damaged even before they start their proper function, due to: 

- production failures (extended time in extruder and/or temperature differences) 

- mechanical damage during transport  

- transport at too high temperatures for longer periods (containers to or in tropical 

countries) 

- mechanical damage during loading, unloading and storage 

- unprotected storage for too long time 

- uncovered for too long time - weathering 

- installation damage 

 

The principal causes of degradation for geosynthetics covered and buried in the ground 

are: 

- Mechanical load can cause long term extension known as creep. Dynamic loads due to 

traffic can lead to rupture known as fatigue. Earthquakes cause intense mechanical 

stresses. 

- Slow chemical attack occurs due to oxygen, water and dissolved components in soil. 

Polypropylene and polyethylene contain special chemicals called antioxidants which 

prevent oxidation, but in the long term these can be consumed, dissolve, evaporate or 

be rendered ineffective, after which oxidation sets in. In polyesters the water leads to 

a slow decomposition by means of hydrolysis, while in polyamides both oxidation and 

hydrolysis can occur.  

- PVC geomembranes contain plasticizers, the loss of which over time leads to 

embrittlement and shrinkage, causing particular problems at connections.  

- Drainage materials can compress, restricting the flow of liquid 

- Geosynthetic clay liners can degrade due to shear forces and chemical changes in the 

clay as well as degradation of the geotextiles within them. The clay can dry out and 

then rehydrate. (not further discussed in this report). 

- Some geosynthetics can be affected by biological effects such as rodents, plant roots 

and microorganisms. 

- In certain applications and regions high energy radiation can cause changes to the 

polymer. 

 

In this report (chapter 2) we shall describe those forms of degradation that can 

themselves be predicted, the rate at which they occur, and how an understanding of this 

can lead to methods for predicting lifetime. We cannot predict earthquakes or rodent 

attack, where the choice of a suitably resistant geosynthetic is a matter for design rather 

than life prediction. We can only include the degradation of the geosynthetic itself and not 

problems such as clogging which are due to the manner in which it is used. The effects of 

high energy radiation on polymers are a specialist subject which will not be treated here. 

 

Methods for life prediction 

Most commercial geosynthetics have in fact proved themselves durable in the fifty years 

since they were first installed, and over that time the quality of the products available has 

been improved. This experience, coupled with an understanding of the physics and 

chemistry of degradation, has led to the introduction of screening or index tests. 
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Methods of life prediction can be based on: 

- Direct measurements on exhumed material, extrapolated in time (so far information 

has only been available for short durations) 

- Results of simple (index) tests, which can be performed within a reasonable time. They 

can provide an assurance that a conventional geosynthetic will last for at least 25 

years in a 'normal' soil environment. No conclusion can be drawn for a service life of 

more than 25 years.  

- In case a lifetime of more than 25 years is required, generally the only way to obtain 

sufficient information is to execute accelerated testing. The assessment of the 

projected service life based on these results can only be made by experts. 

 

This more formal and comprehensive life assessment is required in case of a geosynthetic 

to be used outside these limits:  

- for new or different polymers,  

- at higher temperatures,  

- in more aggressive environments  

- for all for service lives more than 25 years.  

This report is intended to set out how to perform such an assessment. 

 

To make such an assessment requires a precise definition of the geosynthetic and the 

proposed environment. It also requires knowledge of the types of degradation that can 

occur. 

 

The durability of a geosynthetic, i.e. its resistance to chemical degradation, will depend on: 

- The type of polymer 

- The macroscopic structure of the geosynthetic, such as the thickness of geo-

membranes and the diameter of fibres 

- The purity of the raw materials used and the presence of impurities 

- The polymerization process and the catalysts used, if any 

- Copolymerization, which generally reduces the durability 

- The processes used to create the geosynthetic from the basic polymer 

- The storage of the raw materials before and after processing  

- The additives, as described in chapter 2.1.3 

 

While the type of polymer and the structure of the geosynthetic will form part of the 

selection process, the user will have no control over the other aspects. Durability 

assessment is therefore based on tests on the finished product, together with appropriate 

quality control measures. 

 

One point however needs stating, and will be repeated again and again in this report. Any 

prediction of the service life of geosynthetics, is totally dependent on correct design, 

selection and quality of installation, including joints. Without that assurance you need read 

no further. 

1.3 Design aspects and material properties 

A detailed description of the design procedure based on a system engineering approach, 

as used by the Dutch Department of transport (RWS), is given in attachment A.  
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The main phases of the design procedure (or technical process), referring to figure A.1.1 

are: 

1. Requirement analysis (clarification of the task by collecting the information about the 

requirements and the project constraints; requirements can be customer, functional 

(what), performance (how many, how far, when and how long and how often), design 

(e.g. how to execute), requirements ) 

2. Translation of the requirements into a coherent description of system functions  

3. Design synthesis (the search for suitable solution principles and their combinations 

into concept variants/design alternatives).  

a. Conceptual 

b. Detailed 

 

The detailed design includes a safety analysis. Safety requirements (for example the use 

of safety factors) are used to determine the required minimum long term values of 

properties of the geosynthetic. For example the long term design strength of the selected 

product must have properties which fulfil these requirements. This must be verified during 

execution. 

1.3.1 Detailed design 

Design rules and calculation methods are available for many functions in various 

applications: 

- Filtration 

- Separation  

- Permeability 

o Geotextiles 

o Geomembranes 

- Water flow (capacity) in the plane and drainage 

- Soil reinforcement 

- Seams and overlaps 

- Hydraulic Barrier 

- Containment 

 

These design rules and calculation methods can be found in the CUR reports 151, 174, 

206 and in the PIANC report 113 or in other reference textbooks. 

1.3.2 Design aspects and characteristic material aspects 

Table 1.1 gives an overview of the design aspects in relation to the functions of the 

geosynthetic. The design aspects are divided into material characteristics or properties. A 

property or material characteristic is indicated when it is important for a function.  

Table 1.1 indicates if a characteristic must be specified (x) or must only be specified in 

special cases resulting from the design (0). In case the characteristic is not relevant for 

the specific function it is indicated as (-) and does not have to be specified. Full details 

about the background of the table can be found in the latest version of the EN application 

standards. 

The relevant EN standards and some relevant ASTM standards are mentioned. There are 

also other standards which can be used to determine the characteristic design aspects 
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Design aspect Characteristic 

materialaspect

Testmethod Function

Filtration Separation Drainage Reinforcement Barrier

Erosion 

protection Confinement

Physical design Physical Properties

1 Thickness EN 1849-2 -- -- -- -- x x o

2 Mass per unit area EN 1849-2 -- o -- -- x x o

Hydraulic design Hydraulic Properties

Retention  Characteristic opening 

size  O90

EN ISO 12956
x x x -- -- x x

Water permeability 

normal to the plane

 Water permeability 

normal to plane VI50

EN ISO 11058
x x x -- -- x o

Water permeability )  Water permeability 

(liquid tightness)

pr EN 14150
-- -- -- -- x -- --

Waterflow capacity in 

the plane

 Waterflow capacity in 

the plane (flow rate q   

at specified loads and 

gradients.

EN ISO 12958

-- -- x -- -- -- --

Mechanical design Mechanical Properties

Mechnical strength  Tensile strength EN ISO 10319 x x x x -- x x

ISO R 527 -- -- -- -- x 1) -- --

Burststrength prEN 14151 -- -- -- -- o 1) -- --

Tear strength index ISO 34 -- -- -- -- o 1) -- --

Strength of seams 

and joints

 Tensile strength of 

seams and joints

EN ISO 10321
o o o o x -- x

Deformation Elongation (at 

maximum load)

EN ISO 10319
x x x x -- -- x

ISO R 527
-- -- -- -- x 1) -- --

Static puncture (CBR 

test)

EN ISO 12236
o x o x -- -- x

EN ISO 12236 -- -- -- -- x -- --

Dynamic perforation 

resistance (cone drop)

EN ISO 13433
x x o x -- -- x

Stability Friction Direct shear prEN ISO 12957-1 o o o x o o o

Friction Inclined Plane prEN ISO 12957-2 o o o x o o o

Long term strength  Tensile creep EN ISO 13431 -- -- -- x -- -- x

Robustness / 

Installation aspects

Damage during 

installation

ENV ISO 10722-1
x x x x -- o x

 Protection efficiency EN 14574 -- -- -- -- -- -- o

Thermal  design 

aspects

Thermal Properties

Low temp behaviour 

(flexure)

EN 495-5
-- -- -- -- o -- --

Thermal expansion ASTM D 696-91 -- -- -- -- x -- --

Durability and 

Chemical 

Resistance

Durability and 

Chemical Resistance

Durability and 

Chemical 

Resistance 

Durability according to 

annex B

Annex B
x x x x x x x

Resistance to 

weathering 3)

EN 12224
x x x x x x x

Resistance to oxidation 

and chemical ageing 3)

ENV ISO 12960 or 

ENV ISO 13438, 

ENV 12447
x x x x x x x

Resistance to 

microbiological 

degradation 3)

EN 12225

o o o o x o o

Environmental stress 

cracking  2)

ASTM D 5397-99
o o o x x o o

1) Only applicable for geosynthetic barriers (PP,PE)

2) In case of a polyolefin polymer (PP, PE), PA only oxidation

3) Relevance of the design aspect is described in Annex B of the relevant application norms: EN 13253, 13254, 13255 and other relevant application norms

x = to be specified 

0 = to be specified in special applications

-- = not relevant

and material properties. A list of comparable EN, ISO, ASTM test methods and standards 

to determine the characteristic design aspects is given in Attachment B 

Table 1.1 Materials properties which are relevant to be specified for the indicated functions, 

based on application standards EN 13249 – 13257, EN 13265 and EN 15381. 
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1.3.3 Failure mechanisms 

a. Abrasion. *) 

b. Instability of geosynthetic elements.**)  

c. Washing away of fill material.**) 

d. Perforation of the geosynthetic elements by puncturing.*) 

e. Rupture of seams and joints.**) 

f. Occurrence of S- shaped profile under the filter layer in a slope.**) 

g. Degradation by UV radiation or other ageing processes.*) 

h. Damage during installation.*) 

i. Decrease of permeability by clogging and blocking.**) 

j. Rupture of a reinforcing element.**) 

k. Loss of anchorage of a reinforcing element.**) 

l. Insufficient drainage of the structure.**) 

 

*) These aspects influence the service life of the geosynthetic and are discussed in this 

report. 

**) This has an effect on the service life of the geosynthetic but is a result of the manner 

in which it is used. Therefore it is not discussed in this report, more detailed infor-

mation can be found e.g. in the CUR 174 report. 

1.4 Durability aspects for design 

1.4.1 General 

One of the requirements on a geosynthetic is that certain minimum values for the main 

properties are present during the entire service life of the structure. 

The long term properties of geosynthetics are determined by the presence of certain 

additives which are mixed in the polymer during extrusion. These additives are applied in 

small quantities during production. This results in an expected service life for many 

geosynthetics of more than 25 years. This does not mean that these geosynthetics will 

survive also 100 years. More additives must be added during production to achieve that. 

This is costly and is not done for standard products. Products with an expected long 

lifetime are therefore mostly specially produced (to order). Reinforcement products on the 

contrary are normally produced for a service life of at least 100 years. 

 

For a designer it is important to know that, within the normal range of required service 

life's (0 – 120 years), it is always possible to produce products which could fulfil these 

service life requirements. It is therefore during design not necessary to anticipate possible 

shorter service lives.  

 

Durability aspects 

The service life of a structure with a geosynthetic depends for a large part on the durability 

of the geosynthetic. 



CUR Building & Infrastructure Report 243 

 

 23 

 

The properties of the geosynthetic can change in time as result of: 

- Mechanical load (creep) 

- UV radiation 

- Chemical and biological attack, including oxidation and hydrolysis 

- Mechanical damage, abrasion and dynamic loading 

 

The durability effects on all major material characteristics must be taken into account.  

 

In chapters 3.1 to 3.6 we describe the various mechanisms in detail and conclude with the 

method of service life assessment in chapters 3.7 and 3.8. 

 

Table 1.2 gives the relevance of the various durability aspects as described in chapter 3 

for the functions of a geosynthetic.  

 

Table 1.3 indicates the method which is used to take care of the degradation mechanisms 

during the determination of the expected service life. This can be done by: 

- application of a reduction factor to the (short term) index value 

- the maximum service life will be given in case of a limited life time. A reduction factor 

on the index value will also mostly be applied. 

 

The short term (index) value of the property is divided by the reduction factor to obtain the 

expected long term value. 

 

This expected long term value of the property must be more than the required long term 

value of the property which was specified during the design. 

 

In all cases it must be verified that the selected product fulfils the requirement: 

 

Expected long term value of the property > required long term design value of the 

property 

 

and in case the expected service life is limited: 

 

Expected service life > required design lifetime 

 

Safety factors have been included in the design, therefore it is not necessary to apply 

them in this calculation.  

 

Reduction factor 

During long term or accelerated tests, the reduction in the value of a certain property in 

time is determined. The reduction factor is calculated by dividing the (short term) index 

value of a property by the measured value at the end of the service life. 

 

Chapter 1.5.6 gives default values for these reduction factors. These default values are 

based on an evaluation of data of many tests and of many products. These default values 

can be used in case no further data is available. It will be clear that use of default values 
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Mechanism: Oxidation Hydrolysis Weathering Tensile creep

Compression 

creep

Installation 

damage

Chapter: 3.1 3.2 3.3 3.4 3.5 3.6

PP, PE  1) PET  1)

Function  

Filtration o o + - - +

Separation o o + - - +

Drainage o + + - + +

Reinforcement + + + + - +

Barrier + - + - - -

Erosion protection o o + - - +

Confinement o + + + - +

1) only relevant in case the geosynthetic is made of these polymers.

+ means relevant for the function

o means relevant for the function in some applications

- means not relevant for the function

leads to low long term property values, therefore it is advised to use as much as possible 

test data of products, or to use products for which assessments have been made.  

 

While for most applications the purpose of life prediction is to ensure that the projected 

service life of the geosynthetic is greater than the required design lifetime, in some 

cases a reduction of the index test value of a geosynthetic property is allowed. This 

reduction is then calculated during the design and the reduced value is used as the 

long term property of the material. This is for example the case with strength in 

reinforcement applications or in some cases with the discharge capacity of drainage 

mats or permeability in filter applications. These methods are described in detail in 

sections 1.5.2 and 1.5.3 and chapter 3.7. 

 

In other cases the use of a Reduction Factor is not appropriate to design service life, 

particularly in non-reinforcing applications. For example in the case of oxidation, when 

the anti-oxidants have been depleted, polymer degradation, and with it the reduction in 

mechanical strength, takes place within a period that is relatively short. In that case a 

limit must be set on the functional service life of the geosynthetics for example 

determined by a minimum retained strength (or any other governing parameter). No RF 

will be allowed, only a maximum service life will be declared. Refer to chapters 1.4.4, 

2.3, 3.1, 3.7 and 3.8. 

 

For some properties such as resistance of nonwovens to damage and the protection of 

geomembranes current practice is that durability is assured by a single index test or by 

selection of a suitable class of material. 

Table 1.2  Relevance of the various durability mechanisms for specific geosynthetic 

functions. 
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Mechanism: Oxidation Hydrolysis Weathering Tensile creep Compression creep Installation damage

Chapter: 1.7.4; 3.1 1.7.4; 3.2 1.7.3; 3.3 1.7.1; 3.4 1.7.7; 3.5 1.7.2; 3.6

PP, PE  1) PET  1)

Main property  

Opening size

Approve and apply 

RFCH /reject

Approve and apply 

RFCH /reject

Limitation of 

uncovered use 

Increased value if 

applicable 2) Apply RFCC

Increased value if 

applicable 2)

Permeability

Approve and apply 

RFCH /reject

Approve and apply 

RFCH /reject

Limitation of 

uncovered use 

Increased value if 

applicable 2) Apply RFCC

Increased value if 

applicable 2)

Flow capacity in the plane

Approve and apply 

RFCH /reject

Approve and apply 

RFCH /reject

Limitation of 

uncovered use 

Check if RFCR is 

needed Apply RFCC

Approve apply RFID 

/reject

Mechanical Strength

Approve and apply 

RFCH /reject  Apply RFCH

Limitation of 

uncovered use or 

apply RFW Apply RFCR N/A RFID

Elongation

Approve and apply 

RFCH /reject  Apply RFCH

Limitation of 

uncovered use or 

apply RFW Apply RFCR N/A RFID

Puncture resistance

Approve and apply 

RFCH /reject  Apply RFCH

Limitation of 

uncovered use or 

apply RFW Apply RFCR N/A RFID

1) only relevant in case the geosynthetic is made of these polymers.

2) The opening size or permeability could increase as result of creep or installation damage; apply a RF>1 if relevant

Approve and apply RFCH/reject: Reject in case the maximum lifetime of the geosynthetic is less than the required design life of the geosynthetic; otherwise apply RF CH

 

Table 1.3  Methods to include the durability aspects on the main properties for various 

mechanisms. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.4.2 Reduction factors for reinforcement applications 

In the specific case of reinforcements a loss in strength is allowed for during the life of the 

reinforced soil structure. Strength is a critical property of reinforcement; without it the soil 

structure would collapse. This strength diminishes with time due to a variety of influences. 

To allow for this the initial (ultimate) strength of the geosynthetic - the manufacturer's 

proud and quality assured number – is reduced by a number of reduction factors reflec-

ting the stress the geosynthetic is under and the environment surrounding it. Most of 

these factors will themselves change with time. ISO/TR 20432 defines them as follows: 

 

RFCR: reduction factor for creep-rupture 

RFID: reduction factor for installation damage 

RFW: reduction factor for weathering 

RFCH: reduction factor for the environment, including chemical and biological attack 

For applications such as railways, it may be appropriate to add a further reduction factor for 

dynamic loading (see sections 3.6.7 and 3.7.2.8). The German system adds a reduction factor 

for joints and connections (see section 3.7.2.8). 

 

The reduction factors are greater than 1.0 or, if no degradation is expected, equal to 1.0. 

In addition there is a further factor of safety fs to take into account uncertainties. All these 

factors are multiplied together to yield a single factor by which the initial strength is 

divided to give the design strength.  

 

The general reduction factor RF is calculated as: 

  

RF = RFCR × RFID × RFW × RFCH × fs.  

 

1.5.4; 3.1 1.5.4; 3.2 1.5.1; 3.3 1.5.6; 3.4 1.5.6; 3.5 1.5.6; 3.6 
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According to ISO/TR 20432 the characteristic strength of the geosynthetic is reduced by 

the following four reduction factors and one safety factor, with their Dutch, German, US 

and British equivalents: 
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Table 1.4  Reduction factors according to ISO/TR 20432 (ref. chapter 3.7.2.1). 

ISO TR 20432 Netherlands, 

Germany 

United 

Kingdom 

BS8006 

Form of degradation 

  fm111 variability of initial strength 

  fm112 metallic reinforcement only  

RFCR A1 fm121 creep-rupture 

RFID A2 fm211 (short 

term) 

fm212 (long 

term) 

installation damage 

 A3  joints and connections 

RFW A4 fm22 weathering 

RFCH (USA: RFD) chemical degradation 

 A5  Special conditions, e.g. dynamic loads 

fs γM fm122 (creep 

extrapolation 

only) 

 

 

Strength is not the same as stiffness. In many reinforcement applications, a limit is set on 

the maximum elongation of the geosynthetic during its service life. In such a case, in 

addition to the calculation of strength using reduction factors there must be a calculation 

of long-term strain in parallel. The design load may be limited by the restriction on strain 

as much as by those of rupture.  

 

Calculation of fs 

The factor of safety fs included in the calculation of design strength in ISO/TR 20432 

accounts solely for the following: 

- uncertainty of extrapolation of creep-rupture data (R1) 

- uncertainty of extrapolation of Arrhenius data (R2).  

These are explained in more detail in the following sections. 

 

The factor fs depends on 2 factors: R1 and R2.  

 

fs = 1 + √{(R1 – 1)² + (R2 – 1)²}. 

 

R1 depends on the duration of the longest creep test, tmax. If the creep data are 

extrapolated by less than 10 × tmax then R1 = 1.0. For extrapolation to design lives td 

between 10 × tmax and 100 × tmax R1 increases with log (td / tmax) from 1.0 to 1.2. Further 

details are given in section 3.7.3.3 

Methods for the calculation of R2 are given in section 3.7.3.4.  

When default values are used for RFCH, R2 = 1,0 according to ISO TR 20432 and fs = 1. 
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1.4.3 Reduction factors for Drainage and Filtration applications 

The same approach with reduction factors can be used in other applications. For drainage 

the main property is flow in the plane, and the factors proposed are described below and 

in section 3.7.7.  

A method for predicting the reduction in flow due to compression creep is described in 

3.5.  

Basically the following Reduction Factors are used: 

 

RFIMCO Reduction factor for instantaneous compression 

RFIMIN Reduction factor for instantaneous intrusion by the soil 

RFCR Reduction factor for time-dependent compression of the core (compressive 

creep) 

RFIN Reduction factor for time-dependent intrusion of the soil 

RFCH Reduction factor for chemical degradation 

RFPC Reduction factor for particulate clogging 

RFCC Reduction factor for chemical clogging 

RFBC Reduction factor for biological clogging 

 

Since drainage materials will always be buried in the soil, weathering is not regarded as an 

issue provided that the index tests and time limits on exposure described in chapter 3.3 

are fulfilled. The procedure of section 1.5.1 must be followed to determine the reduction 

factor for weathering on the geotextiles, or to limit the exposure time. 

  

Mechanical damage will have only an indirect effect on flow rate, but correct installation 

procedures are essential as with all geosynthetics. The procedure of chapter 3.6 must be 

followed to determine the effect of installation damage on the geotextiles. 

 

The reduction factors, RFIMCO and RFIMIN can be set equal to 1.0 provided that original 

method used to measure transmissivity uses the same level of compression and type of 

bedding as are anticipated in the soil. While this is by no means always the case, these 

tests can easily be performed in the short term.  

RFCR and RFIN are measured as described in 3.5. 

The methods for accelerated chemical degradation described in 3.1 are not necessarily 

suitable for determining RFCH for change in flow rate after exposure, not least because of 

the size of sample required. In some cases, more particularly for oxidation, degradation 

takes place over a relatively short time following a long incubation period (see Mode 3 in 

2.3 and chapter 3.1). In this case RFCH will remain close to 1.0 during the incubation 

period and then fall rapidly to zero. It may be better to make a separate calculation of the 

time to failure instead of applying a reduction factor (see section 1.4.4). This time to 

failure, modified by an appropriate safety factor, can then be compared with the design 

life (ref. section 3.7.2.5). 

 

Biological degradation (RFBC) can be caused by clogging and by root penetration for which 

tests such as EN 14416 exist, though not related to reduction in flow.  

For drainage geosynthetics with a geonet core Giroud et al. proposed ranges of values for 

RFCC and RFBC, together with similar ranges for RFCR and RFIN. 
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RFPC depends on the soil and quality of the filter. RFPC can be assumed to be 1.0 as long as 

clogging is taken care of during design by the selection of the adjacent soil / fill in relation 

to the opening size of the filter.  

RF CD is taken into account in the separate assessment of the stability of the core in 

relation to the long term discharge capacity. Refer to chapter 3.1, 3.5 and 3.7  

 

Default factors are listed in section 1.5.6. 

The long term discharge capacity of a drainage mat can be calculated with the short term 

discharge capacity value multiplied with the reduction factors 

 

QLT = Qindex / (RFwe x RFCR x RFIN x RFCC x RFBC x RFID) 

 

Note that separate calculations must be made for time to collapse of the core due to 

creep or chemical degradation in accordance with 3.7.2.5 and 3.7.7.2. 

 

For a Filtration the main property is permeability, and in case of separation, the main 

property for design is puncture resistance. Use of the method to reduce the value of the 

main property of the geosynthetic with reduction factors is limited by general lack of data, 

however an attempt to apply the methods is made in the worked examples (section 

1.5.11, case 3, 4 and 5). 

 

For filtration we could calculate with: 

 

kLT = kindex / (RFwe x RFCR x RFIN x x RFCC x RFBC x RFID ) 

1.4.4 Limited lifetime 

When degradation is by oxidation the strength of the geosynthetic may diminish rapidly 

following a long incubation time. In this case it is more appropriate to predict service life 

than to calculate a reduction factor. 

This projected service life must be more than the required lifetime, otherwise the 

geosynthetic is not acceptable to be installed in the project. (ref. 3.7.2.5) 

 

When the maximum service life of a geosynthetic is critically close to the required lifetime, 

special quality control tests must be executed during supply and installation of the chosen 

product. 

1.5 Durability assessment 

Annex "B" to the application standards (EN 13249 – 13257, EN 13265 and EN 15381) 

describes the required results of specified tests on geosynthetics for the various durability 

aspects. The required results are related to a minimum predicted lifetime category, as 

described in section 1.5.2 and 1.5.3. 

 

The system used in these 'index' tests is a follows: 

- The tests cover polyester, polyethylene, polypropylene, polyamide 6 and polyamide 6.6 

only. These however account for >95% of geosynthetics sold. Extension to cover 

polyvinyl alcohol (PVA) and aramid fibres is under discussion. 
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- The tests refer to a 'mild' environment: natural soil with 4<pH<9 and a mean soil 

temperature less than 250C. These conditions apply to the large majority of appli-

cations in Europe. Contaminated or industrial soils are so varied and potentially 

aggressive that it would not be possible to reduce testing to simple index tests. 

- Tests are specified for durations of 5 and 25 years. There is simply insufficient 

knowledge to define with confidence index tests for longer (e.g. 100 years) and which 

would apply to the wide range of geosynthetics on the market.  

- The tests are intended to assure a minimum lifetime. They are not intended for precise 

lifetime prediction. It is likely that most geosynthetics which pass the tests will last for 

much longer than 25 years; on the other hand the tests should exclude materials 

whose durability is questionable. 

- The conditions of these tests are generally extreme, necessitated by the short 

durations required. They are not representative of actual conditions. 

- The polymers should not contain post consumer recycled material. Re-worked polymer 

may be used under certain conditions. In the revised EN application standards, which 

are expected to become valid in 2013, it is expected to be allowed to use Post 

Consumer Material and Post Industrial Material for service lives up to 5 years and in 

non-reinforcing applications. 

- In general, reduction in tensile strength is the property used to determine loss of 

function, because it can be measured simply and reproducibly. While strength may 

only be indirectly relevant to functions such as filtration and separation, properties 

such as characteristic opening size would not necessarily identify degradation while 

direct measurement of these functions would require the use of standardised soils 

and complex equipment 

- For design lives extending to 100 years and other applications falling outside the 

above conditions a more detailed durability assessment is required. That is the 

subject of this document and that assessment must be executed by an expert 

specialized in this field (ref. 1.5.4). 

 

In all cases evaluation is done with regards to weathering. 

1.5.1 Weathering 

Geosynthetics for all applications have to be tested for resistance to weathering. Most 

geosynthetics contain carbon black to increase their UV resistance, but in general they are 

not suitable for permanent exposure to light. EN 12224 describes accelerated weathering 

tests. The method of assessment differs from other durability tests in that no product fails, 

but the result of the test determines the maximum length of time the product may be 

exposed to light on site, as shown in the following table: 

Table 1.5 Maximum exposure time due to weathering. 

Retained strength after testing to EN 

12224 

Maximum exposure time (uncovered) during 

installation 

>80 % 1 month 

60 %-80 % 2 weeks 

<60 % 1 day 

Untested material 1 day 
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Note that this table may be changed in the revision of the EN application standards (EN 

13249 – EN 13257, EN 13265 and EN 15381), which is now under discussion. It is 

suggested to use this table for reinforcement applications or other applications where 

long-term strength is required. Another table with lower requirements on retained strength 

is suggested to be used for another applications. As this CUR report is focused on long 

term applications, we use the table as given in table 1.5. 

 

In case the geosynthetic remains uncovered, which is for example the case with canal 

liners or geomembranes; special tests must be executed and evaluated. There is no 

method available to simulate long-term weathering within a reasonable time. This is 

discussed in chapter 3.3. 

1.5.2 Required service life up to 5 years 

According to the EN application standards (EN 13249 – EN 13257, EN 13265 and EN 

15381) the product may be used for a service life of 5 years without further testing. The 

only exceptions are reinforcements or applications where long-term strength is a signi-

ficant parameter 

1.5.3 Required service life up to 25 years 

For a duration of 5 years only the weathering test is required. For a duration of 25 years 

the material should pass the relevant screening test, with the requirement of minimum 

percentage retained strength of 50%: 

- Polyester must be screened with EN 12447 for hydrolysis. 

- Polypropylene must be screened with EN ISO 13438 for oxidation. 

- Polyethylene must be screened with EN ISO 13438 for oxidation. 

- Polyamide must be screened with EN 12447 for hydrolysis and with EN ISO 13438 (at 

1000C) for oxidation. 

- For polyvinyl alcohol a method based on EN ISO 13438 under different conditions is 

proposed for screening for oxidation. 

 

A flow sheet of the various decisions to be taken to assess the durability of geosynthetics 

in accordance with the latest revision of the standards (EN 13249 – EN 13257, EN 13265 

and EN 15381) is given in figure 1.1 a and b. 
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 Fig. 1.1a 

 Decisions to be taken to assess  

 the durability of geosynthetics  

 in accordance with  

 (basis EN NEN 13253 e.v.)  

 part 1. 
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 Fig. 1.1b 

 Decisions to be taken to assess  

 the durability of geosynthetics  

 in accordance with  

 (basis EN NEN 13253 e.v.)  

 part 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

1.5.4 Assessment of long term durability 

An assessment of the long term durability of geosynthetics must be made in the following 

cases: 

- The intended service life of the geosynthetic in the structure is > 25 years  

- Polyester geosynthetics are used in highly alkaline environments with pH> 10, near 

concrete, lime or cement 

- For long service lives if pH<4 or >9  

- The soil temperature is more than 250C or less than 00 C, for a longer period 

- Recycled materials are used (only where a constant quality is assured). 
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According to the guideline for such an assessment, given in ISO/TS 13434: 2008(E), 

various types of degradation must be considered. Not all the mechanisms are of equal 

importance and they depend on the polymer used, type of application or specific 

conditions of use. Therefore the types of degradation must be prioritized.  

- Mechanical damage (ref. chapter 3.6) 

- Oxidation (ref. chapter 3.1) 

- Photo-oxidation due to UV (ref. chapter 3.3) 

- Hydrolysis (ref. chapter 3.2) 

- Alkaline attack (ref. chapter 3.1) 

- Acid attack (ref. chapter 3.1) 

- Effects of solvents which may swell the polymers (ND) 

- Leaching out of additives (ref. chapter3.1) 

- Stress cracking possibilities (ref. chapter 3.1) 

- Effects of waste and leachates (ND) 

- Compressive or tensile creep (ref. chapter 3.5 and 3.4) 

- Freeze-thawing, wet-dry cycles or ion exchange (ND). 

 

The references are made to chapters 3.1 to 3.6 in this report, where the mechanism is 

described in full detail together with an overview of present knowhow.  

Reference (ND) means: not described as it falls outside the scope of this report. For 

example the effect of solvents, environmental stress cracking and, in general, waste and 

leachates are only relevant to thermoplastic geomembranes (geosynthetic barriers). 

Freeze-thawing, wet-dry cycles or ion exchange are effects specific to geosynthetic clay 

liners (clay geosynthetic barriers). 

 

The assessment of durability can take the form of: 

- Reduction factors to be applied to the key property to give a reduced value that can 

be used in design 

- Definition of a time-dependent property for use in design. 

- Statement of lifetime, for a single form of degradation. 

 

Use of an index test to establish durability for a single form of degradation 

Examples of reduction factors are: 

- Mechanical damage (ref. 3.6) 

- Compressive or tensile creep (ref. 3.5 or 3.4) 

- Chapter 3.7 gives an extensive description of the back ground of the methods used to 

determine the reduction factors. 

 

Some time-dependent properties are expressed in the form of a graph or table for use in 

design rather than as reduction factors. An example is tensile strain of a reinforcement. 

 

Examples of index tests leading to appropriate materials selection include: 

- Use of a robustness classification for mechanical damage (see section 3.6.3) 

- Index tests, if acceptable, for the hydrolysis of polyesters (see chapter 3.2).  

- Abrasion (see section 3.6.8) 

- Protection efficiency (see section 3.6.9). 
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Section 3.8.1 gives a detailed procedure including all the steps that are to be taken to 

make a proper durability assessment resulting in a statement of lifetime. That section 

should be taken as a guide either to make such an assessment or to evaluate an 

assessment made by others. See also ISO/TS 13434, Geosynthetics – guidelines for the 

assessment of durability. 

The most common form of degradation for which such assessments are necessary is 

chemical attack, as summarised in the following paragraphs. 

 

Oxidation  

The index test to measure the resistance to oxidation is ISO 13438. It includes two 

alternative test methods. In the oven tests only the temperature is increased, with method 

A for polypropylene and B for polyethylene (ref. 3.1.4.2). In the pressurized oxygen test 

(Method C), the material is placed in an aqueous solution. It is heated under 5 MPa (50 

bar) of oxygen. Thus oxidation is accelerated both by temperature and by increasing the 

concentration of oxygen (ref. 3.1.4.4 and figure 3.1.8).  

 

These methods for polyethylene and polypropylene can be used as the basis of Arrhenius 

tests to predict durability over a 100 year lifetime, or to derive the reduction factor RFCH. 

 

Simple oven ageing tests using the method of ISO 13438 Methods A2 or B2 can be 

extended over a range of temperatures and times with a defined retained strength as the 

criterion. In this case a chart of the rate of reduction in strength against time will be 

required to predict the retained strength for the design life and service temperature as in 

figures 3.7.4 and 3.7.5. 

 

The pressurized oxygen test using ISO 13438 Method C1 or C2 can be applied using a 

range of temperatures and pressures. The reduction in strength following exposure to 

these conditions will be charted on a three dimensional diagram which will then be 

extrapolated to the service conditions to yield a predicted retained strength,  

 

Alternatively, the degradation of stabilized polymers can be divided into three stages: 

- The anti-oxidant depletion time 

- The induction time to onset of polymer degradation 

- The time to reach a drop of 50% of a mechanical property 

(ref. 3.1.4.3 and figure 3.6).  

 

Simple oven ageing tests are performed as in ISO 13438 Methods A2 or B2 over a range 

of times and temperatures, but in addition to the strength the reduction in stabilizer 

content is measured by chemical analysis, OIT or HP-OIT. In the first stage the OIT is 

unchanged. In the second stage the OIT reduces progressively as the anti-oxidant is 

consumed, but the mechanical properties remain unchanged. In the third stage the 

reduction in strength or elongation must be measured. The tests are executed at various 

temperatures and Arrhenius curves are made to extrapolate the duration of each stage to 

lower temperatures. In this case the design life must take into account the durations of 

the first two stages and the retained strength calculated for the time remaining. It may be 

sufficient to predict the time to the end of the second stage: if this exceeds the design life 

then no reduction in strength is predicted (see 1.4.4).  
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All three methods are designed to predict a retained strength for a defined design life and 

environment. Then for reinforcements: 

RFCH = initial strength/predicted retained strength. 

The reference temperature for the presentation of the durability is 25° C. Normally 

geosynthetics are buried in soil where for European conditions 15° C would prevail (with 

maybe an exception for southern Europe). Temperature accelerated testing gives an 

opportunity of extrapolating to a lower temperature as the reference temperature. A 

difference of 10° C has a large impact on the life assessment! 

 

Chapter 3.1 gives an extensive description of the oxidation mechanism, the various test 

methods and the evaluation of the results. 

 

Internal hydrolysis 

EN 12447 is an index test to assess PET geosynthetics with an expected service lifetime 

of 25 years. PET geosynthetics are susceptible to hydrolysis. This can be predicted by 

exposing the yarns to hot water and establishing an Arrhenius relation between time to a 

specific reduction in strength and temperature.  

EN 12447 can be extended to lower temperatures and longer times to yield an Arrhenius 

diagram (Schmidt et al. 1994). In that way it can also be used for the prediction of longer 

lifetimes. See also Hsuan et al. (2008). 

Chapter 3.2 describes the hydrolysis process in great detail, including the test methods 

and methods of interpretation of the results.  

 

If the yarns are coated in the final product, it is adviseable to test the polyester yarns 

uncoated. This can only be done on virgin, uncoated material as the coating cannot 

properly be removed. 

 

It is also important to notice that in soil that is not fully saturated the rate of hydrolysis 

decreases approximately in proportion to the relative humidity. 

Note that ISO/TR 20432 allows for an index test for 100 year lifetime. 

 

Acid and alkaline testing 

The methods described in EN 14030 for determining the acid and alkaline attack on 

geosynthetics can similarly be extended to lower temperatures and longer times to yield 

an Arrhenius diagram. (ref. 3.2.5) 

 

Microbiological testing 

The high molecular weight synthetic polymers commonly used in geosynthetics are in 

general not affected by the action of fungi and bacteria. It is not required to test virgin (not 

recycled) polyethylene, polypropylene, polyester (polyethylene terephthalate: PET) and 

polyamides 6 and 6.6. EN 12225 describes a test method which may be applied to 

determine whether a statistically significant loss of properties takes place over the 

duration of the test under conditions of maximum biological activity. It must be applied to 

other materials including vegetable-based products, new materials, geocomposites, 

coated materials and any which are of doubtful quality. Because of its limited degree of 

acceleration, however, the method is not a demonstration of very long-term resistance to 

biological degradation. 
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1.5.5 Statement of the durability / Assessment certificate 

The durability assessment must clearly state: 

- The type of material, the chemical nature and other components like additives and 

coatings. As producers do not like to give away the composition of compound used for 

their product, it may be kept confidential, but it must have been given to the certifying 

body and registered by them. 

- The environment for which the prediction is made: 

o soil gradation, angularity, compaction  

o soil pH, presence of contaminants 

o temperature 

o saturation 

o exposure to light 

- The property measured, and the end-of-life criterion 

- The predicted lifetime 

- The level of confidence 

- Any conditions applying to the prediction, e.g. correct installation practice. 

 

The consequences of such a prediction of lifetime can be: 

- The geosynthetic is sufficiently durable: 

o No change in the available property is predicted at the end of the design life. 

o A change in the available property is predicted at the end of the design life and 

the level is acceptable. 

o The ratio of the predicted available property to the predicted required property at 

the design life is acceptable. 

o The margin between the design life and the predicted end of life is acceptable.  

- The geosynthetic should be replaced after a stated number of years. 

- A sample of geosynthetic should be extracted after a stated number of years to 

determine the level of degradation; a decision regarding replacement will depend on 

the result. 

- If replacement or extraction is impractical, the geosynthetic is not sufficiently durable 

for the application. 

1.5.6 Default values for the various RF 

These default values can be used in case no specific test data are known. It will be clear 

that the use of default values will lead to a low values in the long term properties, 

therefore it is advised to use as much as possible measured data for a specific product. 

 

Reinforcement 

RFCR reduction factor for creep-rupture. 

In the absence of specific data an overall default factor of RFCR = 2.0 for polyester and 

RFCR = 4.0 for polypropylene reinforcements have been proposed (Greenwood and Shen 

1994, Koerner 1994). The summary of international recommendations compiled by 

Zornberg and Leshchinsky in 2001 gave the following default factors: 
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Table 1.6 RFCR reduction factor for creep-rupture- default value (ref. chapter 3.7.2.2). 

Polyester  2.5 

Polypropylene  5.0 

Polyethylene  5.0 

Aramid   2.5 

Polyamide  2.5 

 

RFID: reduction factor for installation damage 

Some tables have been issued of general values of RFID based on a comprehensive series 

of tests for example Hufenus et al. (2005). The user is advised to refer to the original 

documents to confirm that the materials and soils used were sufficiently comparable for 

the materials for which a life prediction is to be made. 

Table 1.7 RFID Reduction factors for installation damage, highest default value based 

on Hufenus et al. (2002) (ref. chapter 3.7.2.3). 

Geosynthetic Fine-grained 

soil 

Rounded coarse-

grained soil 

Angular coarse-

grained soil 

Uniaxial HDPE grids 1.1 1.2 1.4 

Biaxial PP grids 1.2 1.3 1.5 

PET flat rib grids 1.1 1.1 1.1 

Coated PET grids 1.1 1.2 1.3 

PP & PET wovens 1.2 1.4 11.5 

PP & PET nonwovens 1.1 1.4 1.5 

PP slit tape wovens 1.2 1.3 1.4 

 

Recently Bathurst et al. (2011a) have performed a detailed reliability analysis based on a 

wide range of reported values of RFID. The results are shown in table 3.10 (chapter 3.7). 

The upper limits are given here as highest default values. 

Table 1.8 RFID Reduction factors for installation damage, upper limit given as default 

value based on Bathurst et al (2011a) (ref. chapter 3.7.2.3). 

 RFID for d50 < 19 mm RFID for d50 > 19 mm 

HDPE uniaxial geogrids 1.17 1.43 

PP biaxial geogrids 1.11 1.45 

PVC coated PET geogrids 1.39 1.85 

Acrylic and PP coated PET geogrids 1.37 2.02 

Woven geotextiles 1.66 4.93 

Nonwoven geotextiles 1.46 4.96 

 

When a design is made based on one brand of product normally the factors for that 

product should be used. If at the tender stage the contractor proposes to use a different 

(normally) cheaper product these factors need to be checked thoroughly before that 

product is approved. One might even go so far that the structure needs to be redesigned 

using the proper factors for the alternative product. 
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RFWE: reduction factor for weathering 

The only estimates of RFWE, the reduction factor for weathering, are those in Annex B 

common to EN 13249-13257 and 13265, table 3.10:  

Table 1.9 RFWE: reduction factor for weathering – default values (ref. table 3.11). 

Retained strength after testing 

to EN 12224  

Time allowed for 

exposure on site 

Reduction factor RFWE 

>80% 1 month 1/percentage retained 

strength 

60% to 80% 2 weeks 1.25 

<60% 1 day 1.0 

Untested material 1 day 1.0 

 

RFCH: reduction factor for the environment, including chemical and biological attack 

Polypropylene and Polyethylene: 

ISO TR 20432 sets out default factors for polypropylene and polyethylene, namely that if 

the material passes ISO 13438 Method A2 for polypropylene or B2 for polyethylene, or C2 

for either, then RFCH = 1.3 for a design lifetime of 100 years at a temperature of up to 

25 °C. This default factor should be treated with great caution and is not recommended to 

be used (ref. section 3.7.2.7)  

The reduction factor RFCH for polypropylene and polyethylene should preferably be based 

on tests which predict the reduction in strength. 

 

Polyester: 

ISO TR 20432 introduces simplified procedures for polyester geosynthetics which satisfy 

certain basic criteria, assuming no post-consumer or post-industrial recycled material is 

used. For polyester either: 

- The polyester geosynthetics used for reinforcement, or the yarns from which they are 

made, should exhibit no more than a 50 % reduction in strength when subjected to 

EN 12447. 

or: 

- The CEG measured according to GRI-GG7 should be less than 30 meq/g, and the 

number averaged molecular weight, Mn, determined according to GRI-GG8 should be 

25,000 or more. 

 

For a geosynthetic that satisfies either recommendation used in saturated soil, RFCH is 

given in table 1.10.  

Table 1.10 Default values of RFCH for polyester reinforcements from ISO TR 20432 at 

25 ºC. (ref. table 3.12).  

pH range  Design lifetime 

(years) 

Service 

temperature (°C) 

RFCH 

4 - 9 25 25 1.0 

4 - 8 100 25 1.2 

8 - 9 100 25 1.3 

4 - 9 25 35 1.4 
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Calculation of fs 

The factor of safety fs included in the calculation of design strength in ISO/TR 20432 

accounts solely for the following: 

- uncertainty of extrapolation of creep-rupture data (R1) 

- uncertainty of extrapolation of Arrhenius data (R2).  

 

The minimum value for fs = 1.2. 

Further details are given in section 3.7.3. 

 

RF for reinforcements 

The total RF is calculated as follows: 

 

RF = RFCR × RFID × RFW × RFCH × fs.  

 

Note if there is a restriction on strain a separate calculation must be performed as 

described in 3.7.6. 

 

Drainage and Filtration applications 

As default values can be used, in case the transmissivity and permeability tests have been 

executed for a duration of 100 hrs and as long as clogging is taken care of during design 

by the selection of the adjacent soil / fill in relation to the opening size of the filter (section 

1.4.3): 

 

RFPC Reduction factor for particulate clogging   = 1.0 

RFIMCO Reduction factor for instantaneous compression  = 1.0 

RFIMIN Reduction factor for instantaneous intrusion by the soil  = 1.0 

 

Accelerated tests must be executed and an assessment must be made of the time to 

failure due to chemical degradation instead of using a default RFCH (ref. section 3.7.2.5). 

 

Default values for the following factors are given in table 1.11 

RFCR Reduction factor for time-dependent compression of the core (compressive 

creep) 

RFIN Reduction factor for time-dependent intrusion of the soil 

RFCC Reduction factor for chemical clogging 

RFBC Reduction factor for biological clogging 

 

RFID can be taken from table 1.7 or 1.8. 



CUR Building & Infrastructure Report 243 

 

  42 

 

Table 1.11  Reduction factors for drainage geosynthetics with a geonet core after Giroud 

et al. (2000) (ref. chapter 3.7.7.3). 

Examples of application Normal 

stress 

Liquid RFIN RFCR RFCC RFBC 

Landfill cover drainage layer 

Low retaining wall drainage 

Low Water 1.2 1.4 1.2 1.5 

Embankment, dams, 

landslide repair 

High retaining wall drainage 

High Water 1.2 2.0 1.2 1.5 

Landfill leachate collection 

layer 

Landfill leakage collection 

and detection layer 

Leachate pond leakage 

collection and detection 

layer 

High Leachate 1.2 2.0 2.0 2.0 

 

For drainage mats, the total RF is:  

 

RF tot = RFwe x RFCR x RFIN x RFCC x RFBC x RFID 

 

Note that a separate calculation must be made for time to collapse of the core due to 

creep or chemical degradation in accordance with 3.7.7.2. 

 

For filtration we calculate with: 

 

RF tot = RFwe x RFCR x RFIN x x RFCC x RFBC x RFID  

1.5.7 Expert institutes 

It will be clear that a durability assessment can only be done by experienced institutes or 

sworn experts. In Europe only a few institutes have experience to execute the tests and to 

do a proper assessment. A list of these institutes in the Netherlands, Germany and some 

in the UK is given in attachment D. 

The assessment of durability for more than 25 years may in Europe only be executed by an 

institute certified under the CE mandate. A list of these institutes can also be found in 

attachment D 

1.5.8 Approval procedure of geosynthetics during tendering 

The various steps in the approval procedure of geosynthetics are given in the flow scheme 

1.2. 

The first phase is the selection of the product, based on price, technical specifications etc. 

Sometimes this is done in two steps when products do not pass the requirements in the 

first round of evaluation. 
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In case a lifetime assessment and or mechanical damage factors are available for the 

product, no further steps have to be taken.  

But in the case that one or more of the products which are under consideration do not 

have a lifetime assessment or reduction factors established by accredited institutes, this 

assessment must be done during the tendering phase. 

It must be noted that the testing and assessment of the service life of a geosynthetics can 

take several months and is costly. Therefore it can only be done during the tendering 

phase in cases where large quantities of geosynthetics are required, or if there is sufficient 

time before the product is to be supplied.  

Since the anti-oxidants added to polyolefin materials (PP, PE) are very costly, the 

quantities used will normally only be intended to assure a 25 year lifetime as required for 

CE-marking. This means that for most standard products no assessment for a service life 

above 25 years has been made.  

In case a service life above 25 years is required, the proposed product must either have 

been assessed earlier or a new assessment must be made. There is no other way to know 

the service life of a product.  

When a product is assessed by an expert and when the service life fulfils the 

requirements, a product can be approved. 

 

The products with projected service lives of more than 25 years are mostly produced to 

order.  

During production it must be checked if the required anti-oxidants are used. This can be 

done in a way described in paragraph 1.5.9 point 2. If this quality control during 

production is not possible, the checks must be made after production or after delivery at 

site. In that case the procedure as described in 1.5.9 point 1 must be followed. 

 

Polyester products are not checked for anti-oxidants, as degradation is principally by 

hydrolysis. In this case a check on the number of carboxyl end groups and the molecular 

weight of the fibres is sufficient. (Ref. chapter 1.5.6). Otherwise hydrolysis tests are 

required.  

Most commercially available polyester products have already been tested and assessed 

for a service life of 100 years because they are mainly used in reinforcement applications, 

where this lifetime requirement is an essential part of the design.  
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 Fig. 1.2  

 Approval procedure of 

 geosynthetics during tendering. 
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1.5.9 Verification of supplied material with regard to lifetime 

The various steps in quality control at site are given in attachment E (figure E.2) and 

shown in the flow chart figure 1.4 in chapter 1.5.8 

After delivery at site, samples must be taken and tested before the material is released for 

installation. All relevant properties, as indicated in the application standards (EN 13249 – 

EN 13257, EN 13265 and EN 15381), must be checked. According to these standards, 

the durability must be tested to the initial type testing of the material and this must be 

repeated once every 5 years or in case the polymer compound changes. 

This means that in most cases, no verification of the durability aspects is done when the 

product is delivered at site.  

However in case the service life of a geosynthetic material is of major importance for the 

integrity of the structure it could be advisable to execute tests on the supplied material. 

 

Oxidation tests by means of oven tests or autoclave tests are not a realistic option 

because of the long execution times of the tests.  

 

The quality control with Polyolefins PP and PE is therefore focussed on checking if the 

required quantity of anti-oxidant is used during production of the material. This can be 

done in 2 ways: 

1. Fingerprinting 

The quantity and type of anti-oxidants in the polymer compound determine the oxidation 

time (in case of polyolefins PP, PE). During the initial type testing with exposure to high 

temperatures for certain times it is advisable to perform OIT tests using one of the 

established methods. These OIT values are representative of the initial polymer compound 

that has passed the durability tests. The quality is now controlled by execution of the same 

tests on further batches of material. The OIT is determined and compared with the OIT 

values measured during initial type testing at the same time as oven- or autoclave testing.  

Other chemical analysis tests can be executed which for example determine the peroxide 

content or the melt flow index. Depending on the polymer used, these tests can be used to 

fingerprint the polymer compound. 

2. External inspection during production 

A more direct way is possible in case of supply of material over a longer period. In the 

contract documents it could be included that during the Factory Production Control audits 

by the CE "Notified Body" institutes, which are executed once a year, the composition of 

the used polymers will be checked. As the anti-oxidant additives are very expensive, it will 

be easier to check the incoming and outgoing material balance at the production location. 

As the "Notified Body" has insight in the quality control database of the producer during 

the normal CE- inspection and auditing, this extra information can relatively easy be 

checked as part of a separate agreement. 

 

With regards to hydrolysis in case of polyester materials, it is sufficient to check the 

carboxyl end group count and the molecular weight distribution of the supplied products 

(generally fibres). As the resistance against hydrolysis does not depend on additives which 

are mixed into the polymer compound during production, the quality control during 

production is not so important. It is sufficient to check the values at product approval 
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stage and in most cases the polyester products have already had lifetime assessments 

made. 

 

1.5.10 Quality control according to CEN standards 

The quality control of geosynthetics in Europe is regulated by various EN standards and 

consists of various steps: 

1. Quality control by the producers during production. This is laid down in procedures 

which may be approved by a certification institute under ISO 9001 and ISO 9002. 

2. Based on this Factory Production Control System, the producer specifies the value for 

various properties of the material in his product data sheets. 

3. According to the CEN Attestation of Conformity system 2+, a certified "notified body" 

institute inspects controls and certifies this Factory Production Control System. This is 

declared by a Factory Production Control Certificate which is issued by the "notified 

body" to the Producer. 

4. Before the "notified body" can issue a Factory Production Control Certificate, initial 

inspection of the quality control system is made, including an evaluation of the 

Factory Production Control System. The Factory Production Control System is audited 

twice a year and at that time it is checked if the declared properties of the products 

are in accordance with the results of the Factory Production Control System. If 

necessary the values of the properties are adjusted. 

5. The producer must draw up a declaration of conformity in which he declares that the 

product is produced to the specified European Standard (e.g. EN 13249:2005) 

6. Based on the Factory Production Control Certificate and the Declaration of Conformity, 

the producers must mark the products with a CE-Marking and deliver the products 

with a Accompanying Document which give the values for the harmonized charac-

teristics, together with the tolerances for these values. 
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These various steps are shown in figure 1.3. 

 

 

 Fig. 1.3 

 Steps in the production quality  

 control system under  

 CEN regulations, the numbers  

 between brackets refer to the  

 points in section 1.5.10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CUR Building & Infrastructure Report 243 

 

 49 

 

 

 

 

 

 

 

 

 

All steps in the quality control process to EN standards are described more detailed in 

attachment E. 

1.5.11 Worked examples 

In this section we give guidelines to calculate the long term properties of geosynthetics 

with RF's and to compare products.  

Some products have already been assessed on durability and they have an assessment 

certificate. Other products are sometimes not yet assessed. They must be tested and 

assessed before a comparison with other products can be made or alternatively default 

values can be used in the calculation of the long term property. 

The various steps which will be described are based on the information in section 1.4 and 

1.5. 

Note that in these worked examples, we do not make an assessment of the service life or 

the long term properties of the product. We show how the calculation of the long term 

properties with RF's is made and how a comparison must be made between products in 

case a selection or approval of a product is required for the execution of a project. 

 

Steps to be taken to determine the long term properties of a geosynthetic based on 

durability 

 

Step 1:  

Determine the relevant durability mechanisms for the function of the geosynthetics in the 

specific application with tables 1.1 and 1.2. 

Specify the main properties.  

Decide which approach to take (see the box in 1.4.1, also 2.3.5. and 3.8.1) 

 

Step 2: 

Specify the applicable RF's based on table 1.3 for these main properties. 

 

Step 3: Determine RF's 

Chemical degradation (oxidation or hydrolysis) 

Check the availability of Certificates which specify the service life of the product. Check 

also if RF's have been determined by certified institutes, based on separate tests (for 

example mechanical damage tests). Note that these certificates must have been issued by 

certified and accredited institutes or sworn experts (refer to chapter 1.5.7 and attachment 

D). 

 

For products which have been marked with a CE-mark, the CE-accompanying document 
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or the CE- Product data sheet state the expected service life (predicted to be durable 

for a period of at least 5 years for non reinforcing applications or alternatively predicted 

to be durable for a period of at least 25 years for all applications). 

 

Some products have been certified for a service life of 100 or 120 years in special 

applications. Check if the application and environmental condition listed in the 

certificate is applicable for the considered use. Further check if the assessment 

method used is the same as described in this report (section 1.5.4 and 1.5.5)  

Examples of such certificates can be found at: 

British Board of Agrément: 

http://www.bbacerts.co.uk/certificate_search_results.aspx?SearchType=Product&Prod

uctType=2355&KeywordSearch=geosynthetic 

Gov. Hong Kong CEDD: 

http://www.cedd.gov.hk/eng/services/certification/cert_pdf.htm 

Bundesanstalt für Materialforschung und -prüfung, BAM, Berlin: 

http://www.bam.de/de/service/amtl_mitteilungen/abfallrecht/abfallrecht_medien/tab

elle_kunststoffdichtungsbahnen_u_hersteller_1.pdf 

 

Determine the RFCH based on chapter 3.1 or 3.2 and 3.7. See also chapter 1.5.6 

In special cases default values may be applied.(see chapter 1.5.6 for details): 

 

Polypropylene or Polyethylene: 

ISO TR 20432 sets out default factors for polypropylene and polyethylene, namely that if 

the material passes ISO 13438 Method A2 for polypropylene or B2 for polyethylene, or C2 

for either, then RFCH = 1.3 for a design lifetime of 100 years at a temperature of up to 

25 °C. This default factor should be treated with great caution and is not recommended to 

be used (ref. section 3.7.2.7) 

The reduction factor RFCH for polypropylene and polyethylene should preferably be based 

on tests which predict the reduction in strength. 

 

Note: In some cases, more particularly for oxidation, degradation takes place over a 

relatively short time following a long incubation period (see Mode 3 in chapter 2.3 and 

chapter 3.1). In this case RFCH will remain close to 1.0 during the incubation period and 

then fall rapidly to zero. It may be better to make a separate calculation of the time to 

failure instead of applying a reduction factor (see section 1.4.4). This time to failure, 

modified by an appropriate safety factor, can then be compared with the design life. 

 

Polyester: 

If the polyester geosynthetics used for reinforcement, or the yarns from which they are 

made, should exhibit no more than a 50 % reduction in strength when subjected to EN 

12447. Or the CEG measured according to GRI-GG7 should be less than 30 meq/g, and 

the number averaged molecular weight, Mn, determined according to GRI-GG8 should be 

25,000 or more.  

One or the other criterion should be satisfied: for the corresponding values of RFCH see 

table 1.10 

 

In all other cases a special durability assessment must be made and tests executed.  

 

http://www.bbacerts.co.uk/certificate_search_results.aspx?SearchType=Product&ProductType=2355&KeywordSearch=geosynthetic
http://www.bbacerts.co.uk/certificate_search_results.aspx?SearchType=Product&ProductType=2355&KeywordSearch=geosynthetic
http://www.cedd.gov.hk/eng/services/certification/cert_pdf.htm
http://www.bam.de/de/service/amtl_mitteilungen/abfallrecht/abfallrecht_medien/tabelle_kunststoffdichtungsbahnen_u_hersteller_1.pdf
http://www.bam.de/de/service/amtl_mitteilungen/abfallrecht/abfallrecht_medien/tabelle_kunststoffdichtungsbahnen_u_hersteller_1.pdf
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Weathering 

Check the availability of Certificates which specify the maximum time of uncovered use. 

Use this time as a requirement for installation. 

Note that these certificates must be granted by certified and accredited institutes or sworn 

experts. (refer to chapter 1.5.6 and attachment D).  

In Europe this information can be found in the CE-accompanying documents. 

In case this information is not available, determine the RFW based on chapter 1.7.6, table 

1.9. See also chapter 3.3 and 3.7  

If no further tests are made the material must be covered within 1 day.  

 

In case of reinforcement application 

- Tensile creep 

Determine the RF based on tests executed on the product. The supplier must present 

the necessary test data. Check if they are executed in accordance with the valid 

standards and by experienced laboratories. 

In case no test data is available, use the default values of chapter 1.5.6, table 1.6 

- Installation damage 

Determine the RF based on tests executed on the product. The supplier must present 

the necessary test data. Check if they are executed in accordance with the valid 

standards and by experienced laboratories. 

In case no test data is available, use the default values of chapter 1.5.6, table 1.7 

and 1.8 
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- Determine fs 

Determine fs using the values R1 and R2 . 

The value of fs must be determined using the equation: 

fs = 1 + √{(R1 – 1)² + (R2 – 1)²}. 

In case default values are used fs = 1,2.(ref. chapter 1.5.6). 

 

In case of drainage and filtration applications 

- Compression creep (if applicable) 

Check the availability of Certificates which specify the service life of the product and 

or the RF's to be used. Note that these certificates must be granted by certified and 

accredited institutes or sworn experts. (refer to chapter 1.5.7 and attachment D).  

Some drainage mats have been certified for 100 years service life by BAM. 

No default values can be used to replace long term testing. Different types and 

thicknesses of the core can result in large differences in behavior of the core, even 

leading to sudden collapse, therefore oven ageing tests coupled with determination of 

the depletion of antioxidants are recommended as the most reliable measurement. 

The same applies for evaluation of the filter mat in case of application in a filter 

structure. Accelerated tests must be executed and an assessment of the lifetime of 

the product must be made before an approval can be given. 

- Installation damage 

Determine the RF based on tests executed on the product. The supplier must present 

the necessary test data. Check if they are executed in accordance with the valid 

standards and by experienced laboratories. 

 

In case no test data is available, use the default values of chapter 1.5.6, table 1.7 and 

1.8. 

 

Step 4: Apply the RF"s to the main property of the geosynthetic 

Multiply the RF's as described in chapter 1.5.6.  

Divide the index values of the relevant properties by this RFtot to get the Long Term Design 

Value (LTDV) of the propertis. 

This LTDV must be more than the required design value of the relevant property. 

 

Worked examples 

In these examples a comparison is made between a product for which durability data is 

available and one which does not have durability data and for which default values must 

be used.  

Preferably only products which have been assessed should be used for long lifetimes. Only 

in these cases can valid comparisons be made with other products.  

 

Case 1. Reinforced embankment 

Application: reinforcement 

Required service life 120 years 

PE geogrid 

Fill material maximum particle size 37,5 mm 

Soil pH = 6 
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Product A,  with CE-mark and BBA certificate 

 char. tensile strength Tchar = 57 kN/m 

Product B,  with CE mark, no long term durability assessment 

 char. tensile strength Tchar = 57 kN/m 

 

Both products pass the screening test of ISO 13438. 

 

Step 1: relevant durability mechanisms: 

Oxidation (PP, PE) RFCH 

Hydrolysis (PET) Not applicable as the product is not made of PET  

Weathering  RFWE 

Tensile creep RFCR 

Installation damage RFID 

 

Step 2: 

Main property: Tensile strength 

 

RFtot = RFCR × RFID × RFWE × RFCH × fs 

 

Step 3: 

  product A value from: Product B value from: 

RFCH 1,00 BBA 1,30 chapt. 1.5.6 *) 

RFWE 1,00 BBA 1,00 CE-Acc. Doc 

RFCR 2,38 BBA 5,00 table 1.6 

RFID 1,07 BBA 1,17 table 1.8 

fs 1,00 BBA 1,20 chapt. 1.5.6 

      

RFtot 2,54  9.13  

 

*)  See note in section 1.5.11 under Polypropylene or Polyethylene: in case of doubt, it may 

be better to make a separate calculation of the time to failure instead of applying a 

reduction factor. 

 

Step 4: 

Long term design strength: TD = Tchar / RFtot 

Product A: TD = 57 / 2,54 = 22,44 kN/m 

 

Product B: TD = 57 / 9.13 = 6.24 kN/m. 

Note that although both products have the same index test strength Tchar , the long term 

design strength (allowable design strength) varies a lot as result of the use of the default 

values.  

 

Both products must be covered within 1 month. 
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Case 2. Reinforced embankment 

Application: basal reinforcement 

Required service life 60 years 

Expected in soil temperature: 15 °C 

PET flat rib geogrid 

Fill material maximum particle size 37,5 mm 

Soil pH = 6 

Product A, with CE-mark and BBA certificate,  char. tensile strength Tchar = 190 kN/m 

Product B, with CE mark, no long term durability assessment, char. tensile strength Tchar = 

190 kN/m 

 

Both products pass the screening of ISO 13438. 

 

Step 1: relevant durability mechanisms: 

Oxidation (PP, PE) Not applicable as the product is not made of PP or PE 

Hydrolysis (PET) RFCH 

Weathering  RFWE 

Tensile creep RFCR 

Installation damage RFID 

 

Step 2: 

Main property: Tensile strength 

 

RFtot = RFCR × RFID × RFWE × RFCH × fs 

 

Step 3: 

  product A value from: Product B value from: 

RFCH 1,00 BBA 1,20 chapt. 1.5.6 

RFWE 1,00 BBA 1,00 CE-Acc. Doc 

RFCR 1.5 BBA 2.5 table 1.6 

RFID 1,00 BBA 1,1 table 1.7 

fs 1,05 BBA 1,20 chapt. 1.5.6 

          

RFtot 1.58   3.96   

 

Step 4: 

Long term design strength: TD = Tchar / RFtot 

Product A: TD = 190 / 1.58 = 120.25 kN/m 

 

Product B: TD = 190 / 3.96 = 47.97 kN/m. 

Note that although both products have the same index test strength Tchar , the long term 

design strength (allowable design strength) varies a lot as result of the use of the default 

values.  

 

Both products must be covered within 1 month. 
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Case 3. Drainage mat 

Application: drainage 

Required service life 100 years 

PP drainage mat 

Fill material maximum sand 

Soil pH = 6 

Product A,  with CE-mark and BAM certificate 

 flow capacity in plane q = 0.9 1/m.s  

Product B,  with CE mark, no long term durability assessment 

 flow capacity in plane q = 0.9 1/m.s 

 

Both products pass the screening test of ISO 13438. 

 

Step 1: relevant durability mechanisms: 

Oxidation (PP, PE) RFCH 

Hydrolysis (PET) Not applicable as products are made of PP 

Weathering  RFWE 

Compression creep RFCC 

Composed of detailed values for RFCR, RFIN, RFCC, RFBC 

Installation damage RFID 

 

With according to chapter 1.4.3: 

RFCR Reduction factor for time-dependent compression of the core (compressive creep) 

RFIN Reduction factor for time-dependent intrusion of the soil 

RFCC Reduction factor for chemical clogging 

RFBC Reduction factor for biological clogging 

 

Step 2: 

Main property: flow capacity in plane 

 

QLT = Qindex / (RFWE x RFCR x RFIN x RFCC x RFBC x RFID) 

 

Qindex is a flow rate determined under simulated conditions for 100 hr. duration on the 

drainage mat according to the test method, described in GRI-GC8. Therefore: RFIMCO and 

RFIMIN are equal to 1.0. RFPC can be assumed 1.0 as particle clogging is taken care of 

during of the design. 

 

Step 3: 

 product A value from: Product B value from: 

RFCH Incl. BAM Assessment to be made  

RFWE Incl. BAM 1,00 CE-Acc. Doc 

RFCR Incl. BAM 1,40 table 1.11 

RfIN Incl. BAM 1,20 table 1.11 

RFCC Incl. BAM 1,20 table 1.11 

RFBC Incl. BAM 1,50 table 1.11 

RFID Incl. BAM 1,10 table 1.7 
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RFtot 3,10  3.33  

Step 4: 

The Long term flow capacity for product A is according to the BAM certificate: 0,29 l/m.s 

Product B cannot be evaluated as no long term assessment is made of the effects of 

oxidation on the stability of the core. Therefore accelerated tests must be executed and an 

assessment must be made in case it will be used for a service life > 25 years. Product B is 

to be rejected without assessment. 

 

Both products must be covered within 1 month. 

 

Case 4. Filter layer 

Application: filtration 

Required service life 100 years 

PP nonwoven, 300 gr/m, O90 =0,10 mm. permeability 110 mm/s 

Fill material maximum sand 

Soil pH = 6 

Product A,  with CE-mark and BAM certificate  

 O90 =0,10 mm. permeability k =110 mm/s 

Product B,  with CE mark, no long term durability assessment  

 O90 =0,10 mm. permeability k = 110 mm/s. 

Both products pass the screening test of ISO 13438. 

 

Step 1: relevant durability mechanisms: 

Oxidation (PP, PE)   RFCD 

Hydrolysis (PET)  

Weathering    RFWE 

Time-dependent intrusion of the soil  RFIN 

Particulate clogging    RFPC 

Chemical clogging    RFCC 

Biological clogging    RFBC 

Compression creep   RFCR 

Installation damage   RFID 

 

With according to chapter 1.5.6: 

RFCR  Reduction factor for compression creep 

RFIN Reduction factor for time-dependent intrusion of the soil 

RFCD Reduction factor for chemical degradation 

RFPC Reduction factor for particulate clogging 

RFCC Reduction factor for chemical clogging 

RFBC Reduction factor for biological clogging 

 

kindex is a permeability determined under simulated conditions for 100 hr. duration on the 

drainage mat according to the test method, described in GRI-GC8. Therefore: RFIMCO and 

RFIMIN are equal to 1.0. RFPC can be assumed 1.0 as particle clogging is taken care of 

during of the design. 

 

Step 2: 

Main property: permeability perpendicular to the plane 
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kLT = kindex / (RFWE x RFCR x RFIN x x RFCC x RFBC x RFID ) 

Step 3: 

  product A value from: Product B value from: 

RFCH  BAM Assessment to be made chapt. 1.5.6 

RFWE  BAM 1,00 CE-Acc. Doc 

RFPC  BAM 1,00 chapt. 1.5.6 

RFCC  BAM 1,20 table 1.11 

RFBC  BAM 1,50 table 1.11 

RFCR  BAM 2,50 See remark below 

RFID  BAM 1,10 table 1.7 

      

RFtot 2.44  4.95  

 

The default values from table 1.11 are based on drainage mats with a geonet core. Only 

those default values which can be directly related to the nonwoven filter layers at the out-

side of the drainage mat can be used in this calculation (RFWE , RFIN , RFCC , RFBC and RFID).  

No default data is available for RFCR. To be able to make a comparison it is advised to 

make compression creep testing or to use a safety value of 2,5. 

 

Step 4: 

The Long term permeability for product A is according to the BAM certificate: kLT 60- 15 

mm/s. Product B cannot be evaluated as no long term assessment is made of the effects 

of oxidation on the stability of the filter layer. Therefore accelerated tests must be 

executed and an assessment must be made in case it will be used for a service life > 25 

years.  

 

Product B is to be rejected without assessment. 

 

The durability aspects do not influence the O90 values. 

 

Both products must be covered within 1 month. 
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Chapter 2  

Introduction of geosynthetic 
 

 

According to EN ISO 10318, a geosynthetic is a product of which at least one component 

is made from a synthetic or natural polymer, in the form of a sheet, strip or three-

dimensional structure, and which is used in contact with soil and/or other materials in 

geotechnical and civil engineering.  

Geosynthetics improve the overall long-term stability and integrity of a soil structure, and 

have the ecological and economical advantages that they require less transportation and 

less handling of natural resources. With more than 50 years of successful experience, 

geosynthetics are well established in many applications in civil engineering. There is a 

large variety of materials and products, and the number of different uses for them is 

growing continuously. For more information on the history of geosynthetics, reference can 

be made to Santvoort (1994) and Koerner (2005). Recent applications are described in 

Pilarczyk (2001), Saathoff (2003), Heibaum (2006) and Kim (2009). 

Features common to all geosynthetics are the thickness of the sheets, ranging from 1 mm 

for geomembranes and thin thermal bonded nonwovens to over 1 cm for geosynthetic clay 

liners and 2 cm for composites, and their roll widths of between 2 and 9 m. Some special 

geosynthetics such as geonets, containers and tubes are delivered in a different manner. 

This document describes their durability and design for long-term applications. Geotextiles 

made of biodegradable material such as coir are therefore excluded. 

 

A geosynthetic is not just a trade name. For the sake of life prediction we need to know its 

structure, the polymer it consists of, and the properties essential to its function. Under 

structure is meant its general form, such as a textile or a sheet, the degree of orientation, 

the type of weave, the thickness or mass per unit area, the nature of the joints/welds and 

the coating, all of which require acquaintance with the methods of manufacture. The 

polymer should be defined not just in general terms (e.g. polyethylene, polyamide) – not 

always easy due to the number of copolymers and blends (mixtures) on the market − but 

also in terms of molecular weight and distribution, kind and content of copolymers and its 

additives, fillers, its density and production process. Creep-strength, pore size and 

permeability are examples of the properties which are key to the function for which the 

geosynthetic has been selected.  
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2.1 Defining the geosynthetic 

 

J.H. Greenwood, W. Voskamp 

2.1.1 Types of geosynthetic 

ISO TR 13434, groups the principal types of geosynthetic as follows. PIANC report MarCom 

56 (2011) gives more details, some of which quoted below. Formal definitions are given in 

the standard EN ISO 10318.  

 

A geotextile is a planar, permeable, polymeric textile material, which may be 

manufactured by different processes and includes principally 

- Woven materials 

- Knitted materials 

- Non-woven materials, either thermally bonded or needle punched.  

 

The principal polymers used for geotextiles are polypropylene (PP) and polyester(PET) . 

 

Fibres are produced from the molten polymer by extrusion through a die, cooled, and then 

stretched by further drawing. The polymer chains align themselves with the fibre, the 

orientation and the crystallinity increases. Thinner fibres may be more heavily drawn but 

have a higher surface-to-volume ratio which plays an important part in several superficial 

degradation processes like weathering and biodegradation. Fine fibres are also more 

easily damaged mechanically. 

After drawing, the fibres can be cut to staple fibres which are stacked in random 

orientation, or left uncut and laid on a belt to form a continuous filament or spun bonded 

nonwoven geotextile. The nonwovens are bonded mechanically by needle-punching, 

stitching or sewing, by heat or by the use of adhesive. Needle-punching process is the 

most common method and is generally used to produce fabric weights of 150 g/m2 up to 

4000 g/m2. The thickness and related properties increase proportionally. In the use of 

heat (melt bonding) the continuous filaments or staple fibres are melted together and the 

resultant fabrics are rather stiff in texture and feel. The method of bonding has a 

considerable influence on their properties. Nonwovens are characterized by opening size, 

mass per unit area and thickness and their pore volume, which depending on compressive 

pressure can be up to 90%, higher than the pore volume of soils.  

Film tapes and split tape yarns are produced by extruding a film, cutting it into individual 

tapes, stretching, thermal fixing and fibrillation. Tapes and fibres can be woven using 

conventional textile machinery into a wide range of fabric weaves, comprising the warp in 

the machine direction and the weft in the cross machine direction. These woven fabrics 

are relatively thin and have a high tensile strength.  

 

 

 Fig. 2.1 

 Woven Geotextile. 
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 Fig. 2.2 

 Non-woven geotextile. 

 

 

 

 

 

 

 

 

 

 

 

 

Knitted geotextiles generally have preferentially aligned yarns and can be used as an 

alternative to woven geotextiles. The warp and weft yarns remain straight, elongate less 

during loading and are connected by knitting threads. In addition, a nonwoven geotextile 

can be inserted at the same time to create a geocomposite, offering unique filtration and 

reinforcement properties in one sheet. 

The strengths of knitted can be very high, exceeding 1,000 kN/m, and the manufacturing 

process also allows the use of glass and carbon fibres as well as polyaramids. Of these 

only polyaramids are covered in this publication.  

 

 

 Fig. 2.3 

 Knitted fabric. 

 

 

 

 

 

 

 

 

A geomembrane, referred to in international standards as a geosynthetic barrier, is a 

planar, relatively impermeable to aqueous solutions, polymeric or bituminous sheet. The 

polymers used to manufacture the geomembranes are generally thermoplastic, 

elastomeric or modified bituminous materials, including high density polyethylene(HDPE), 

linear low density polyethylene(LDPE), polyvinyl chloride(PVC), flexible polypropylene(fPP), 

ethylene propylene diene monomer(EPDM), ethylene inter-polymer alloy(EIA), chlorinated 

polyethylene(CPE), chlorosulfonated polyethylene(CSPE) and other elastomers(CR et al). 

Geomembranes are made by extruding a sheet by a variety of different methods. On site 

they are bonded by thermal welding, with or without pressure, by fusion or by chemical 

bonding. PVC and CSPE geomembranes are manufactured by calendering methods and 

may consist of multiple plies with a geotextile (scrim) as support. A bituminous geomem-

brane is made by passing a geotextile through consecutive baths containing modified 

bituminous formulations to obtain a bitumen-impregnated geotextile product.
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 Fig. 2.4 

 Smooth and textured surfaces  

 of extruded HDPE  

 geomembranes. 

 

 

 

 

 

 

A geosynthetic clay liner (GCL) or barrier is a factory-manufactured geosynthetic hydraulic 

barrier consisting of clay, bentonite or other very low permeability material sandwiched 

between geotextiles and held together by bonding such as needle punching or stitching. 

The clay absorbs water from the soil, becomes hydrated and swells. Particularly relevant to 

its durability are e.g. the needle punching fibres, the stitch bonding filaments or yarns, the 

glues, the ion exchange between the barrier material and the liquid retained or contained, 

and desiccation and freezing-thawing resistance. 

 

 

 Fig. 2.5 

 Geosynthetic Clay Liners (GCL). 

 

 

 

 

 

 

 

 

A geogrid is a regular open semi-rigid network, whose apertures allow interlocking with the 

surrounding soil. Geogrids can be made from 

- Bundles of fibres, generally coated, linked by bonding or interlacing. Weaving, knitting 

and welding are all used in their manufacture, using fibres of polyethylene(PE), poly-

propylene(PP), polyester(PET), polyvinyl alcohol(PVA) and aramid(PPTA). Coating mate-

rials include acrylic polymers(ANM), polyvinyl chloride(PVC), and polyethylene(PE).  

- Laid geogrids: Laid geogrids are made from extruded strips, bars or bar shaped 

elements. They are laid crosswise and are flexible at the junctions (e. g. by coating) or 

fixed (e. g. by friction welding or laser-technique). 

- Perforated sheets of polyethylene(PE) and polypropylene(PP) which are then stretched 

in one or two directions. The material between the perforations is drawn stretched to 

produce long ribs of highly oriented polymer. Geogrids of this type are referred to for 

short as extruded geogrids, even though this description is not entirely correct. 

 

The major function of geogrids is in the area of soil reinforcement as they are 

characterized by high tensile strength at low deformation. The key feature of all geogrids is 

that the apertures – the openings between adjacent longitudinal and transverse ribs –

allow the geogrid to hook or anchor itself in the ground by soil-geogrid-interaction(called 
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interlocking effect). The junctions are called nodes. Thus the mechanical and durability 

properties of the nodes are essential for the function of geogrids.  

 

 

 Fig. 2.6 

 Geogrids. 

 

 

 

 

 

 

 

 

A geonet(GNT) consists of a set of parallel ribs overlying another set, perpendicularly or 

diagonally, and integrally connected with it. Geonets allow water to flow laterally and are 

therefore mainly used as incompressible drainage layers under high compressive 

surcharges. They can be placed between permeable layers to allow water to drain from a 

wet soil, or in combination with impermeable layers, for example at the base of a landfill.  

 

 

 Fig. 2.7 

 Geonets. 

 

 

 

 

 

 

 

 

A geocell (GCE) is a three-dimensional, permeable, polymeric (synthetic or natural) 

honeycomb or web structure, made from strips of geotextiles or geomembranes linked 

alternating, and used, for example, to hold soil particles, roots and small plants in 

geotechnical and civil engineering. Often called geo-cellular containment, Geocells 

function by transferring the downward load into the transverse plane of the soil-geocell 

structure. 

 

 

 Fig. 2.8 

 Geocells. 
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A geomat is a three-dimensional, permeable, natural, or synthetic polymeric structure, 

made of bonded yarns, 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 geomats are the same as for geosynthetics with the 

addition of polyamides.  

 

 

 Fig. 2.9 

 Geomat. 

 

 

 

 

 

 

 

 

 

 

 

 

A geocomposite is a combination of two or more geosynthetics. Drainage geocomposites 

consist of an open structure (geospacer) typically sandwiched between two layers of 

nonwoven filter. Water can penetrate the nonwoven filter and then drain laterally through 

the spacer. 

 

 

 Fig. 2.10 

 Geocomposites. 
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A geofoam is a block or a planar section of rigid cellular foam polymeric material 

(polystyrene) commonly used as a lightweight fill to take up differential thermal expansion 

and for use in frozen ground, or to reduce the settlement of soft compressible soils due to 

the weight of fill material. 

 

 

 Fig. 2.11 

 Geofoam. 

 

 

 

 

 

 

 

 

 

2.1.2 Types of polymer 

Geosynthetics are made from thermoplastic polymers formed by extrusion and drawing. 

The polymers consist of long chain molecules made up of identical (homopolymer) or 

different (copolymers) monomers repeated many times over. Attached to these main 

polymer chains may be short side groups as well as longer chain branches. A longer chain 

should improve the mechanical properties but may make the polymer more difficult to 

process. The mechanical properties will also be influenced by the bonds within the chains 

and the bonds between them as well as the amount, kind and arrangement (alternating, 

periodic, statistical or block) of chain branching.  

 

 

 Fig. 2.12 

 Amorphous and crystalline  

 domains (v.d. Heuvel, 1993). 

 

 

 

 

 

 

In amorphous materials the polymer chains are arranged randomly, while semi crystalline 

materials contain 'crystallites' distributed within the amorphous areas, in which the chains 

fold or are otherwise aligned parallel to one another. The proportion of these crystallites, 

known as the crystallinity, will affect the mechanical and durability properties because the 

tightly packed molecules within the crystallites result in dense, stiff regions which liquids 

and gases find it hard to penetrate. 'Tie' molecules which link one crystallite with another 

through an amorphous region have a strong influence on the mechanical properties. 

Sections of the main polymeric chain containing side chains are generally located in 

amorphous areas. The arrangement and kind of side chains clearly influence morphology 
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and the content of tie molecules. Thus by this instrument a design of special morphologies 

with tailored mechanical properties and chemical resistances is possible. 

When heated above a particular glass transition temperature Tg (measured by Differential 

Scanning Calorimetry) the amorphous regions change from being stiff, glassy and brittle to 

being ductile and rubbery. This change is less marked in semi-crystalline polymers, but it 

explains why polyesters which are used below their Tg creep less than polypropylene and 

polyethylene which are used above their Tg.  

In drawn materials such as fibres, tapes or the ribs of drawn geogrids crystalline and 

amorphous regions become more oriented. This makes them stronger and more resistant 

to chemicals and weathering. The 'tie' molecules are retained and govern the mechanical 

properties such as creep.  

The size or diameter of the basic element of a geosynthetic also influences the durability. 

A thick fibre or rib is less susceptible to superficial oxidation or weathering than a fine 

filament, not only because of the lower surface area but also because oxygen takes time 

to diffuse inwards and additives cannot easily migrate outwards. These factors have to be 

considered in evaluating the results of different durability tests. 

The principal polymers used in geosynthetics are described below. Further details are 

given in ISO TR 13434. 

- Polypropylene (PP) is a thermoplastic semi crystalline polymer used principally in 

fibrous form in geotextiles. Its structure consists of methyl groups attached to a 

carbon chain polymer backbone. 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. Commercial PP typically contains a small 

percentage of polyethylene. 

- Flexible polypropylene (fPP) is an amorphous co-polymer of propylene and ethylene 

used for geomembranes. It is not a blend, but a reactor product using a proprietary 

catalyst. Its characteristics can be modified over a wide range by changing its 

molecular structure. It is flexible and its broad melting transition allows it to be 

thermally welded with a wide range of welding equipment. It is more sensitive than PP 

to oxidation and UV photo oxidation and therefore requires correct stabilization. 

- Polyethylene (PE) is a semi crystalline thermoplastic. The high and medium density 

forms (HDPE, MDPE) are used in geobarriers and geogrids and have good chemical 

resistance to not oxidizing media. The linear low-density form (LLDPE) used in 

geomembranes and as a coating for geogrids is pliable, easy to process and has good 

physical properties, but is less chemically resistant. Stabilization is needed against 

weathering and oxidation. Durability is strongly dependent on kind of polymer, 

morphology, residual heavy metals like Cr and Ti from catalysts and chemical 

impurities from polymer processing like vinyl- and keto-compounds. Some grades of 

HDPE are especially susceptible to environmental stress cracking. 

- Polyesters are a group of polymers, of which polyethylene terephthalate (PET) is 

commonly used as a fibre/ yarn in geotextiles and as fibre/yarn and strips for 

geogrids. Being below its Tg of about 50 °C for the slow durability processes, PET 

offers good mechanical properties and chemical resistance to not alkaline media. The 

fibres are used in large volumes as reinforcements in car tyres, so that for reasons of 

price the same fibres are used in geosynthetics with no change in specification. The 

ester links in the polymer chain hydrolyse slowly in presence of liquid water or water 

vapour, leading ultimately to rupture of the chain and a corresponding reduction of 

molecular weight. Since this can occur in the bulk or the surface of the fibre alike it is 
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called "internal hydrolysis" in contrast to "external hydrolysis" which is a different 

chemical process by etching of the fibre surface ester bonds by highly alkaline media 

(e.g. hydroxyl ions and ammonia). Polyethylene naphthalate (PEN) polyester products 

are less prone to hydrolysis then PET but more sensitive to photo oxidation by 

weathering.  

- Polyvinyl chloride (PVC) is again a member of a group of vinyl-based resins used in 

geomembranes and as a coating for geogrids. Fundamentally a rigid polymer, by 

blending it with plasticizers (PVC-P) and fillers it can be made more or less flexible. 

Some organic liquids have the same effect. If the plasticizer migrates , e.g. due to 

heat, extraction by liquids or evaporation or degrades e.g. by heat or ultraviolet light or 

hydrolysis, PVC becomes brittle and dark in colour. The durability of PVC varies widely 

according to the formulation, stabilizer content and type (kind and molecular mass) of 

plasticizer used.  

- Polyamides (PA) are thermoplastics used as fibres or wires in geotextiles. There are 

different types, numbered PA6, PA6.6 etc according to the kind of monomers used. PA 

fibres have good mechanical properties, resistance to wear and abrasion and offer a 

combination of properties including ductility, wear and abrasion resistance and low 

frictional properties. PA absorbs water, which makes it more flexible, reducing the Tg 

of 40-60 °C to temperatures approaching service temperatures. It has limited 

resistance to acids, oxidation, hydrolysis and weathering which has to be addressed 

by means of suitable stabilizers.  

- Aramid is a synthetic fibre produced from aromatic polyamides and used in 

geosynthetics. It has very high stiffness and strength at comparatively low density and 

has low tensile creep. It is sensitive to photo oxidation by UV, absorbs moisture and 

can be sensitive to hydrolysis by acids.  

- Polyvinyl alcohol (PVA) is made by hydrolyzing polyvinyl acetate. Fibres are used in 

geotextiles. They have a high strength and stiffness and a good resistance to alkalis 

(e.g. concrete), lower concentrations of acids, and oils .The Tg is in the range of 40 °C 

and thus needs to be considered for durability by Arrhenius extrapolations, as is the 

case e.g. for PET and PA.. 

- Ethylene propylene diene monomer (EPDM) is an elastomer used in geomembranes. 

It consists of saturated polymeric chains made up of ethylene and propylene 

molecules copolymerized with a diene monomer, e.g. ethylidene norbornene (ENB) 

which provides cure sites for vulcanization i.e. cross linking by sulphur or peroxides. 

Generally its resistance to ozone is good, depending on the residual amount of double 

bonds of the diene component and thus on curing. The properties of EPDM are 

strongly influenced by the ratio of the content of propylene, ethylene and diene 

monomer. Welding and repair of welds is to be done by specialists. Stabilizers are 

added to enhance the resistance to oxidation and UV.  

- Ethylene interpolymer alloy is another elastomer used in geomembranes and is 

stabilized in the same manner as EPDM.  

- Chlorinated polyethylene is used in geomembranes and more widely in hot water 

pipes. Its lack of crystallinity compared with PE makes it relatively flexible. Stabilizers 

are added to further enhance the resistance to oxidation, being already higher than 

for HDPE and to photo oxidation by UV.  

- Chlorosulfonated polyethylene (CSPE) is an elastomer used in geomembranes. It has 

minimum crystallinity, is flexible, and is relatively resistant to oxidation and UV. 

Welding is problematic due to the cross-linking like for other elastomers like EPDM.  
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- Bitumen comprises modified bitumen (MB) and oxidized bitumen and is used to 

provide water tightness in geomembranes. Modified bitumen includes up to 25% 

synthetic elastomer which increase elasticity, fatigue resistance and ageing. 

Sensitivity to UV and oxidation can be adjusted by suitable additives. 

- Polystyrene is mainly used in extruded form (XPS) or as an expanded geofoam (EPS). 

Suitable stabilizers are required to provide sufficient resistance to oxidation and 

photo oxidation.  

- Glass fibres are used in geogrids for asphalt reinforcement. Since they are not 

polymers and since their required lifetimes are relatively short their durability is not 

considered in this publication. Degradation would be expected to result from crushing 

of the fibres during installation and trafficking, leading to local fracture of the fibres, 

progressive loss of stiffness and weakening of the geogrid. Chemical degradation 

results from the sensitivity to hydrolysis, which is strongly depending on the grade of 

the glass. Lifetime could be predicted by fatigue testing under simulated conditions. 

Extraction of geogrids by dissolving the asphalt may be possible, followed by 

measurement of their retained strength. Long-term rupture of glass fibres is known to 

occur under the combined presence of mechanical stress and acids, 

 

Other materials are continuously being introduced, for example elastomeric membranes 

and ABS in drainage materials. This book is limited to the principal polymers in use at the 

time of writing, though the general methodology should be applicable to any polymeric 

material. 

Most of these materials can be recycled, and this is increasingly encouraged. Materials 

can be recycled immediately after processing (known as regrind), imported from other 

industrial processes (post-industrial resin or PIR) or collected from consumers (post-

consumer resin or PCR). The use of small percentages of regrind is commonplace (less 

than 10% for geomembranes) but other forms of recycled resin are discouraged for the 

more demanding applications of geosynthetics such as geomembranes and 

reinforcements, as the composition cannot be assured. Nevertheless, if geosynthetics 

made with fibres derived from discarded polyester drinks bottles are not already on the 

market then it is likely that they will appear soon.  

2.1.3 Additives 

The long life expectation of polymers is due above all to the development of stabilizing 

additives which arrest or retard degradation and extend polymer life by ten or a hundred 

times. An additive is any substance which is added in a small quantity to a polymer to 

modify its properties for a particular purpose, such as: 

- Controlling polymerization: chain growth regulators, accelerators, compatibilizers, 

cross-linking promoters 

- Improvement of processing: flow promoters, plasticizers, slip agents, lubricants, 

thixotropic agents, release agents 

- Improving resistance to degradation both during processing and service: thermal 

stabilizers, UV stabilizers, metal deactivators, acid scavengers 

- Improvement of mechanical properties: nucleating agents, compatibilizers, impact 

modifiers, cross-linking agents, plasticizers, fibrous reinforcements 

- Improvement of product performance: anti-statics, blowing agents, friction agents, 

flame retardants, plasticizers, smoke suppressants 
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- Improvement of surface properties: adhesion promoters, anti-fogging agents, anti-

blocking agents, surfactants, anti-wear additives 

- Improvement of optical properties: nucleating agents, pigments and colorants, 

brighteners 

- Reduction in cost: extenders, particulate fillers. 

 

Note that some additives such as plasticizers appear under more than one heading and 

therefore affect more than one property. By no means all additives listed here apply to 

geosynthetics: the list is deliberately to illustrate the large number of different additive 

types in the polymer industry. The additive content of any one polymer used in a 

geosynthetic is generally a commercial secret. Take it that the user will not know what his 

product contains beyond its general polymer type, colour and shape. 

Additives have to be stable at the high temperatures, pressures and shear rates 

experienced during processing. They must be sufficiently resistant to impurities likely to 

occur in the product. They must be compatible with the other additives used. They must 

not evaporate or sublime at high temperatures or migrate and leach out when the product 

is immersed in water or other common liquids. The price must be acceptable for the 

application in hand. 

A useful list of additives is given in ISO/TS 13434. This is a summary of the classifications 

given there: 

- Antioxidants resist degradation by oxidation. This can be achieved in a variety of ways 

and is more closely described in chapter 3.1 on polyolefins.  

- Acid scavengers protect the polymer from acids resulting from catalyser residues or 

e.g. reaction products of antioxidants.  

- Metal ion deactivators form inert complexes with transition metal ions that would 

otherwise accelerate oxidation.  

- UV stabilizers provide resistance to ultraviolet light by introducing chemical com-

pounds or carbon black that absorb the light, or by suppressing the resulting photo-

oxidation. 

- Plasticizers make a rigid polymer flexible, such as PVC. 

- Lubricants assist in the production process such as in calender roll release of a sheet 

material. 

- Mineral fillers such as clay and calcium carbonate are added to reduce cost and can 

improve the mechanical properties of the polymer. 

- Scrims are usually open-weave polyester fabrics inserted between the individual plies 

of a geomembrane to provide reinforcement.  

 

Table 2.1 shows a generalized table of commonly used geosynthetic polymers and the 

additives used Koerner, 1993. 
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Table 2.1 Percentage (in weight) composition of commonly used geosynthetic polymers. 

Polymer type Basic 

polymer 

Various 

additives 

Carbon black 

or pigment 

Filler Plasticizer 

Polyethylene 97 0.5-1.0 2-3 0 0 

Polypropylene 96 1-2 2-3 0 0 

PVC (unplasticized) 80 2-3 5-10 10 0 

PVC (plasticized) 35 2-3 5-10 25 30 

Polyester 97 0.5-1.0 2-3 0 0 

Polystyrene 97 0.5-1.0 2-3 0 0 

Chlorosulphonated  

polyethylene 

45 5-7 20-25 20-25 0 

 

Summary 

The essential features of a geosynthetic required for life prediction are as follows. They 

should be restated when the predicted life is presented in any assessment document:  

- Identification of the product  

- type of polymer (composition, morphology, additives, coatings) 

- physical structure of the geosynthetic: e.g. thick or thin fibres forming a woven or 

nonwoven fabric, extruded geogrid, coated fibrous strip, geosynthetic clay liner, 

continuous sheet.  

- joints forming part of the structure of the geosynthetic (e.g. woven, welded, 

integral) 

- mechanical and hydraulic properties (depending on function) 

- thickness or mass/unit area 
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2.2 Defining the environment 

 

J.H. Greenwood, W. Voskamp 

2.2.1 Applications 

The applications of geosynthetics are many and various. As pointed out in chapter 1, not 

all are long-term, nor do they require long-term durability or life prediction. The 

International geosynthetics Society lists as main application areas: 

- Unpaved Roads 

- Road Engineering 

- Railroads 

- Walls 

- Slopes  

- Embankments on Soft Soils 

- Landfills 

- Wastewater Treatment 

- Hydraulic Engineering Projects 

- Drainage and Filtration 

- Erosion Control 

- Agricultural Applications. 

The European Standards identify as application areas: 

- EN 14249: roads and other trafficked areas 

- EN 13250: railways 

- EN 13251: earthworks, foundations and retaining structures 

- EN 13252: drainage systems 

- EN 13253: external erosion control systems  

- EN 13254: reservoirs and dams 

- EN 13255: canals 

- EN 13256: tunnels and underground structures 

- EN 13257: solid waste disposals  

- EN 13265: liquid waste containments 

 

Some examples of these applications with their principle durability requirements are: 

 

Roads: separation layer under sub base. Nonwoven or woven geotextile. Principal 

durability requirement: resistance to trafficking damage. Installation damage needs also 

to be considered. 
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 Fig. 2.13 

 Road construction including  

 positioning of geotextile  

 separator (courtesy Fibertex  

 Nonwovens A/S). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 2.14 

 Road construction including  

 positioning of geotextile  

 separator (courtesy BECO  

 Bermüller & Co. GmbH /  

 Bonar Geosynthetics). 

 

 

 

 

 

 

 

 

Railways: separation layer under ballast. Nonwoven or woven geotextile. Principal 

durability requirement: resistance to trafficking damage and abrasion. Installation damage 

needs also to be considered. 

 

 

 Fig. 2.15 

 Railway construction: laying of 

 track over ballast and  

 separator; geotextile as  

 separator (courtesy Fibertex  

 Nonwovens A/S). 
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 Fig. 2.16 

 Railway construction: laying of  

 track over ballast and  

 separator; geocomposite as  

 separator and reinforcement  

 (courtesy Huesker Synthetic  

 GmbH.). 

 

 

 

 

 

 

Surface erosion control of slopes. Geomat or geogrid, to limit soil loss and enhance 

vegetation growth. Principal durability requirement: resistance to weathering. 

 

 

 Fig. 2.17 

 Surface erosion protection  

 geomat (courtesy Colbond bv.). 

 

 

 

 

 

 

Vertical drains. Prefabricated drains placed vertically in the soil, for example at the edge 

of a motorway embankment, allow a saturated subgrade to consolidate faster, provide 

subsequent drainage, and additional mechanical support. Principal durability requirement: 

resistance to compressive creep, general chemical resistance. Installation damage needs 

also to be considered. 

 

 

 Fig. 2.18 

 Placing vertical drains 

 (courtesy Colbond bv.). 
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 Fig. 2.19 

 PVD (courtesy  

 NAUE GmbH & Co. KG). 

 

 

 

 

 

 

 

 

 

 

Retaining walls. Extruded Geogrids, coated geogrids, welded geogrids, high strength 

woven geotextiles or high strength geocomposites enable a structure to be built occupying 

less space and in less time. The structure requires less or no additional backfill and thus 

incurs less transport costs, and is stable against earthquakes. Walls can be built almost 

vertically and faced with concrete or natural stone or vegetation. Principal durability 

requirement: resistance to damage to the connection reinforcement/cover, creep, general 

chemical attack and in some cases long-term weathering. Installation damage needs also 

to be considered. 

 

 

 Fig. 2.20 

 Geogrid wall formwork  

 (courtesy Tensar  

 International bv.). 

 

 

 

 

 

 

 

 

 

 

 Fig. 2.21 

 Geogrid wall with concrete  

 block facing (courtesy Tensar  

 International bv.). 
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 Fig. 2.22 

 Reinforced slope (courtesy 

  Huesker Synthetic GmbH.). 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 2.23 

 Reinforced slope (courtesy  

 Huesker Synthetic GmbH.). 

 

 

 

 

 

 

 

 

 

 

 

Road and railway construction over soft ground or old mine workings. High-strength 

geogrids or high-strength geotextiles. Principal durability requirement: resistance to creep, 

trafficking, general chemical attack and weathering during construction. Installation 

damage needs also to be considered. 

 

 

 Fig. 2.24 

 Construction of railway over old  

 mine workings (courtesy  

 Huesker Synthetic GmbH.). 
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Tunnel lining. Geomembranes. Principal durability requirement: general chemical 

durability including leaching and the quality of welded seams. Fire resistance is also 

critical, though this does not form part of life prediction. 

 

 

 Fig. 2.25 

 Lining of a tunnel, geomem- 

 brane (courtesy GSE Lining  

 Technology, LLC). 

 

 

 

 

 

 

 

 

 

 

 Fig. 2.26 

 Lining of a tunnel, geotextile 

  (courtesy Tessilbrenta Srl.). 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 2.27 

 Lining with geotextile and 

  Geomembrane. 
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Protection of concrete dams. Geomembranes. Principal durability requirement: resis-

tance to long-term weathering, general chemical durability including welded seams. 

 

 

 Fig. 2.28 

 Lining of a reservoir 

  (courtesy Artafil S.L.). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 2.29 

 Lining with a PVC-P geomem- 

 brane (courtesy Renolit  

 Iberica S.A.). 

 

 

 

 

 

 

 

 

Lining of reservoirs and canals. Geomembranes. Principal durability requirement: resis-

tance to long-term weathering, general chemical durability including resistance to leaching 

and the quality of welded seams. 

 

 

 Fig. 2.30 

 Lining with a HDPE geomem- 

 brane (courtesy NAUE GmbH  

 & Co. KG). 
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Marine structures. Nonwoven geotextiles formed into tubes or bags and filled with sand to 

limit coastal erosion caused by coastal currents, or to protect the beach. Principal 

durability requirement: resistance to long-term weathering, creep, abrasion and water. 

 

 

 Fig. 2.31 

 Geocontainer (courtesy  

 NAUE GmbH & Co. KG). 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 2.32 

 Geotextile bags as beach  

 protection (courtesy  

 NAUE GmbH & Co. KG). 

 

 

 

 

 

 

 

 

 

 

 Fig. 2.33 

 Fascine mattress as filter layer  

 (courtesy TenCate  

 Geosynthetics). 
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 Fig. 2.34 

 Geotextile tube as  

 shore protection. 

 

 

 

 

 

 

 

 

 

 

 Fig. 2.35 

 Geobags used as a groin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 2.36 

 Filter layer on dike. 

 

 

 

 

 

 

 

 

 

 

Landfills. Geotextiles are used as liners, drainage mats and protection layers. Principal 

durability requirement: resistance to oxidation and hydrolysis, weathering, creep. 

Installation damage needs also to be considered.  
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 Fig. 2.37 

 Landfill basal liner system  

 (courtesy NAUE 

 GmbH & Co. KG). 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 2.38 

 Landfill cover system  

 (courtesy Colbond bv.). 

 

 

 

 

 

 

 

 

2.2.2 The environment below ground (excluding landfills) 

 

 

 Fig. 2.39 

 Environment below ground  

 (courtesy J. Greenwood). 
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Most geosynthetics are destined to be buried in the soil and covered by a topsoil or 

backfill. Topsoil, extending to a depth of up to one metre, is a mix of particles of weathered 

rock and humus produced by decaying organic material, with 20-60% of voids which are 

generally filled with air. It is biologically active. The underlying sediments consist of 

particles of varying size and angularity formed by the physical and chemical weathering of 

rocks. In backfills, which consist of sediments that have been excavated, mechanical 

damage may have crushed the larger particles, changing the particle size distribution. 

These newly crushed particles are more angular, having not yet experienced the 

weathering and rounding that comes with age, and their edges may be sharp enough to 

cut a geotextile or puncture a geomembrane. Notches can initiate crack growth in a 

geomembrane, particularly environmental stress cracking, and heavily indented material 

will form a preferential site for chemical attack. 

 

The particle size is determined by sieving. Silt, sand and gravel are defined as containing 

particles of between 0.002 and 60 mm in diameter. These are generally rounded by 

physical weathering and transport abrasion in water and ice. Clay is defined as having 

particles less than 0.002 mm in size, while some clays consist of long narrow particles 

which cannot be characterized by one dimension alone.  

 

The soil may be permanently or intermittently saturated with water, unsaturated but with a 

high humidity, or dry. In wet climates the soil drains downwards, drawing soluble materials 

to lower levels, while in dry climates moisture evaporates at the surface, the soluble 

materials being drawn upwards and deposited. In finely grained soils such as clays 

permeation is very slow and the water effectively immobile. The water content of an 

unsaturated soil can be determined by drying and weighing, but for the purpose of 

assessing its chemical reactivity it is described by the local relative humidity.  

This water may contain dissolved chemicals, making it acid or alkaline. The measure of 

this is the pH, a scale which is neutral at 25 °C at pH 7 and where acids have lower 

numbers and alkalis larger ones. The pH of many top soils lies in the region 5.5 to 7, i.e. 

slightly acid, while that of the underlying sediments in Europe generally lies between 4 and 

9. The most acid natural soils are found in peat moorland (pH levels between 3.5 and 4.9) 

and in areas affected by acid rain, the most alkaline in regions of limestone.  

 

These dissolved chemicals may include transition metal ions such as iron or manganese, 

which can act as catalysts for oxidation. Bentonite, and cement used in civil engineering 

constructions, can lead to local alkaline areas with pH values of 8.5 to 10, while if the soil 

is treated with lime the pH can be as high as 11 or treatment with cement leads to pH of 

12.5 or even higher. Such high levels generally decrease with time as the excessive 

alkalinity is carbonated by connection of Ca(OH)2 with CO 2 to CACO3. Measurements 

behind block concrete walls increase to a peak of 8.5 after two years and then decrease 

(Koerner et al. 2002), showing that while extreme conditions may prove significant, they 

may not represent the long term environment.  

Contaminated soils contain a far wider range of pH and metal ions, depending on the 

industrial history of the site, and the same is true of mining waste. Some wastes are 

radioactive, but life prediction in such cases requires special information and is not 

covered in this book. 
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In the disturbed soil that will surround any newly installed geosynthetic the concentration 

of oxygen is the same as that in air, 21%. Where air circulation is then prevented and 

where oxygen has been absorbed by biological or chemical processes the concentration 

will diminish, even reaching zero. The range 5 to 15 % is given by Hsuan et al (2008) and a 

level of 8% was chosen for tests by Elias et al (1999). The CO2 content in soil is markedly 

higher than in air (0.04%) and is often > 0.2 %. There may be significant concentrations of 

other gases such as methane, ammonia or hydrogen. Soil air generally has a relative 

humidity close to 100%. 

It is assumed that there will always exist a thin layer of adsorbed fluid (water) on the solid 

particles in which the chemical reactions will take place. Within this layer the 

concentration of active molecules or ions is higher than in the bulk fluid. It may also occur 

that a transition ion acts as a catalyst for the reaction, such as ferrous or ferric ions in the 

oxidation of polyolefins. 

 

The temperature in the soil surrounding the geosynthetic will vary with depth. At the 

surface it will vary with the cycles of day and night, winter and summer, while at depths of 

several metres it will approach a uniform mean. In Northern Europe this mean is close to 

10 ºC at depths of 10 m or more. In deep tunnels such as the St Gotthard base tunnel in 

Switzerland, temperatures of 40ºC have been recorded. Similar soil temperatures have 

been observed in daytime behind the face of block walls, and since high temperatures can 

accelerate chemical and physical processes disproportionately, particular attention should 

be paid to these excessively hot periods, which have to be weighted with the appropriate 

Arrhenius factor for assessing the contribution to lifetime. A low soil temperature leads to 

a lower rate of reaction, but can also cause segregation of components (blooming, 

precipitation of crystalline particles) resulting in lower effective stabilizer concentrations. 

Very cold temperatures can make polymers stronger but more brittle, such as has been 

observed for a needle punched nonwoven polypropylene geosynthetic in frozen wet soil 

(Henry and Durell 2007). A greater problem with the design of geosynthetic structures at 

sub-zero temperatures is that frozen soil can act quite differently to unfrozen. This is a 

more general question that is separate from the durability of the geosynthetic alone and is 

not dealt with here. 

 

 

 Fig. 2.40 

 Soil Temperatures Regimes 

  (http://soils.usda.gov/use/ 

 worldsoils/mapindex/). 
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Figure 2.40 shows the soil temperature classes used worldwide. The following are those 

found in central Europe: 

Frigid 

The mean annual temperature is lower than 8°C and the difference between mean 

summer (June, July and August) and mean winter (December, January and February) soil 

temperature is more than 6 °C.  

Mesic 

The mean annual soil temperature is between 8 °C and 15 °C, and the difference 

between mean summer and mean winter soil temperatures is more than 6 °C. 

Thermic 

The mean annual soil temperature is between 15 °C and 22 °C, and the difference 

between mean summer and mean winter soil temperatures is more than 6 °C. 

These temperatures are measured at a depth of 50 cm below the surface (or, in soil 

terms, at a densic, lithic or paralithic contact if this is shallower). Most geosynthetics are 

located at a greater depth. 

The durability of the geosynthetic product for a specific project needs to be based on the 

actual temperature regime at the location of the project. In central Europe, for example, 

the mean annual temperature is between 8 °C and 15 °C and a reference temperature of 

10 or 15 °C is commonly used. 

2.2.3 Above ground 

While most geosynthetics will spend their life underground, during installation they may be 

temporarily exposed on the surface. There are also a number of applications, such as at 

the tops of slopes of reservoirs, in erosion control and in reinforced embankments, in 

which at least part of the geosynthetic is permanently exposed to weathering. 

Ultraviolet light, is well known as the principal cause of degradation in polymers, and this 

is explained more fully in chapter 3.3. Ultraviolet light, defined as having wavelengths of 

between 200 and 400 nm, forms 5-10% of sunlight, cloud or no cloud. This proportion 

increases at high altitudes and close to the poles. The photons of ultraviolet light, which 

have higher energies than the rest of the visible spectrum, are capable of breaking the 

molecular bonds within the polymer. The broken bonds form radicals which recombine 

with oxygen in the air to form reactive peroxiradicals which initiate more complex reactions 

(photo-oxidative reactions). At the same time the whole spectrum of sunlight raises the 

temperature of the polymer, and this together with other factors such as rain, pollutant 

oxides of nitrogen and sulphur, and ozone together may degrade the geosynthetic in a very 

complicated manner.  

 

For the purposes of life prediction we need to know the annual exposure to ultraviolet 

light, known as the radiant exposure, which is generally available from meteorological data 

for the planned location. Figure 2.41 shows a world map of the radiant exposure. If the 

radiant exposure is not known it can be estimated as 5-10% of the global solar radiation. 
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 Fig. 2.41 

 Map of global radiant exposure 

  in kcal/cm2 or kly, Veldhuijzen  

 van Zanten, 1986. 100 kly is  

 equivalent to 4.2 GJ/m²/year. 

 

 

 

 

 

 

 

 

 

 

Meteorological data should also be available for the local air temperature and the rainfall. 

Sunlight can however raise the temperature of an exposed black surface such as a 

geomembrane many degrees higher than the air temperature, as will be familiar to anyone 

leaving a car for a few hours in hot sun. Rain will cool exposed surfaces but will also help 

to leach out soluble material that has migrated to the surface such as additives or the 

products of reaction. 

Animals − with the exclusion of humans − have so far not proved a significant hazard to 

geosynthetics, although birds have been known to sample specimens of geotextiles 

deliberately exposed for testing. Evidently geotextile fibres make good nests. 

 

Checklist for defining the environment with regards to the durability assessment of 

geosynthetics 

Below ground 

- particle size distribution and angularity , type of soil/main kinds of minerals 

- organic content 

- acidity/alkalinity (pH)/ salt content 

- amount and kind of metal ions present  

- partial pressure of oxygen and other aggressive gases  

- moisture content , information on soil water 

- yearly temperature course 

Above ground 

- intensity of ultraviolet radiation(yearly course) 

- yearly temperature course 

- amount of rainfall 

- type of climate 
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2.2.4 Landfills 

 

 

 Fig. 2.42 

 Schematic diagram of the  

 geosynthetics used in a typical  

 European single bottom  

 liner landfill. 

 

 

 

 

 

 

 

 

 Fig. 2.43 

 Schematic diagram of the 

 geosynthetics used in a typical 

 landfill with double bottom  

 liner (USA model). 

 

 

 

 

 

 

 

 

 

Landfills are built for the containment of municipal solid waste as well as for industrial 

fluids such as mine tailings. They make use of all kinds of geosynthetic, including 

geomembranes, geosynthetic clay liners, woven and nonwoven geotextiles and drainage 

geocomposites. The principal component is an impermeable barrier made by welding 

together sheets of polymeric geobarriers (GBR-P). Above this there will be a layer of 

geotextile to protect the BNR-P from damage both during construction and from sharp 

stones in the mineral drainage layer. In addition there may be a filter layer to allow liquid 

emanating from the waste ("leachate") to be collected and treated remotely. The landfill 

will be covered with a further impermeable geobarrier, possibly also with a drainage layer 

to conduct away water from the soil above. The cap should allow for the collection of 

methane, which rises to the top as it is lighter than air. A drainage geocomposite for the 

collection of gas is therefore recommended. 

 

The composition of municipal solid waste (MSW) is not only very variable by its nature, but 

will change with time in the landfill. The basic constituents of the leachate comprise 

volatile fatty acids and other organics, inorganic salts with traces of heavy metals, and 

surfactants (Rowe, Islam and Hsuan 2008). Monitoring of municipal solid waste streams 
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in the UK also indicates that they are dominated by the biological processes responsible 

for the degradation of organic compounds. Legislation is in hand to reduce the content of 

biodegradable waste, and this should lead to a reduction in landfill temperature and 

thereby the rate of oxidation. On the other hand the traces of transition metal ions, notably 

copper, manganese and iron, can act as catalysts for oxidation. Needham et al (2004) 

state that landfills managed using typical current approaches may take hundreds, if not 

thousands, of years to stabilize. 

 

According to Needham et al (2004), quoting Barone (1997) and Rowe (1998), the 

maximum temperature, observed for leachate heads of 6 m or more, is 60 ºC. Other 

observations on landfills operating as bioreactors in the USA and UK suggest a maximum 

temperature of 30-35 ºC which should eventually decrease, although there is insufficient 

information to predict the timescale at which this is likely to happen. The long-term 

average temperature of dry landfills or those with a low biodegradable content should be 

in the range 15-20 ºC. 

The same authors state that there will be an absence of oxygen during the methanogenic 

phase, although this will not change the depletion of antioxidants by processes such as 

leaching. The availability of oxygen will also be limited on the underside of the 

geomembrane liner if it is in close contact with, for example, clay. In general full oxygen 

availability is assumed (i.e. 21% as in air) such that the resulting predictions can be 

regarded as conservative. 

 

The principal durability requirements for geosynthetics used in landfills are: 

Geomembranes (GBR-P), including welded seams: chemical resistance including 

resistance to leaching, resistance to environmental stress cracking, resistance to 

oxidation, resistance to weathering during construction. 

Geotextiles: resistance to installation damage, resistance to oxidation, chemical 

resistance 

Drainage geocomposites: resistance to compressive creep and long-term shear, 

resistance to oxidation, resistance to installation damage, chemical resistance. 

Geosynthetic clay liners: resistance to desiccation, resistance to freeze-thaw, resistance 

to ion exchange, chemical resistance, resistance to long-term shear, resistance to 

oxidation, resistance to leaching. 
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2.3 General durability issues 

 

J.H. Greenwood 

2.3.1 Introduction 

In this chapter we shall examine the fundamentals of life prediction. As mentioned in 

Chapter 1, life prediction can be based on experience, on the extrapolation of measured 

properties, or on tests intended to simulate the whole life of a geosynthetic by accelerated 

testing. Experience, while used widely in industry for products with lesser lifetimes, is 

simply not available for the long design lifetimes expected of geosynthetics.  

Measurements have to be made for at least ten to twenty years in order to detect with 

sufficient accuracy the changes that will lead to failure after more than a century. Many 

processes occur non-linearly, showing little evidence of change in their early stages and 

then reaching a threshold where degradation sets in emphatically. In others one process 

of degradation follows another. Life prediction is not as simple as measuring the 

progressive wear of a car tyre to determine when it will need replacement. 

2.3.2 Function and end of life 

What determines the point at which a geosynthetic is said to fail? While catastrophic 

rupture may come to mind, in many cases the geosynthetic will change gradually, very 

gradually, by extension, compression or by the growth of small holes. "End of life” is a 

more appropriate description than failure. 

End of life depends on the function for which the geosynthetic has been chosen. 

Geomembranes (geobarriers) generally act as impermeable barriers to water, leachates, 

industrial effluents or gases. The functions of geotextiles  include drainage, filtration, 

protection, reinforcement, separation, surface erosion control and asphalt reinforcement 

(see ISO 10318). Some materials may have more than one function, such as the 

nonwovens knitted with parallel yarns to provide reinforcement as well as the capacity for 

filtration, separation and even drainage.  

The function determines the end of life. A filter or separator cannot sustain a substantial 

tear or rupture. A reinforcement must not rupture, but it may also cease to function 

correctly if it stretches by more than a certain amount, leading to sagging of a reinforced 

wall or a roadway embankment. A reinforcement intended to resist seismic loads will 

reach its end of life once its strength has sunk below a required level, even though it may 

never have experienced those loads. A drainage composite must retain a certain capacity 

for flow, which is represented by a minimum thickness of the core.  

To make a numerical life prediction the end of life has to be defined as a number. Vague 

general statements are not sufficient. Examples of a quantitative and measurable criterion 

are as follows: 

- 50% reduction in strength 

- 2% creep strain of a reinforcement measured from the date of completion of 

construction work 

- 25% reduction in core thickness for a drainage composite 

- 10% increase in permeability of a PVC geomembrane 
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- visible holes in a geomembrane. 

In the case of a polymeric geomembrane (Needham et al 2004) the end of life criterion 

may require further definition in terms of the number and size of holes, according to: 

- whether the geomembrane is a single or double liner or a composite, in which case the 

quality of contact between the geomembrane and the underlying mineral liner has to 

be considered 

- the leachate source is persistent, leachate head, and the chemical nature of the 

leachate 

- the sensitivity of the site to groundwater quality. 

 

Thus the end of life criterion can vary from one site to the next.  

The statement of lifetime, or of long-term durability, will refer directly to the end of life 

criterion used. 

2.3.3 Required and available properties 

A simple statement of end of life may not reflect the complexity of some applications. ISO 

TS 13434 introduces the concept of required and available properties. It is clear that in 

the long term the geosynthetic must retain the end of life property defined above. During 

construction of the soil structure, however, there may be special temporary requirements. 

The material may need to be even stronger to resist the weight of the construction 

equipment, or it may require a particular resistance to weathering. If this ‘required’ 

property is plotted against time it will therefore no longer be a single value but will rise and 

fall according to the history of the structure in which it is used.  

The 'available' property of the geosynthetic will also vary with time. For example, it may fall 

abruptly due to installation damage and then more slowly in the course of slow chemical 

attack.  

The available'' property must at any time be greater than the ‘required’ property, probably 

by a minimum margin. A schematic graph showing how the available and required 

properties may change with time is shown in figure. 2.44, while figure. 2.45 shows an 

example from real life. 

 

 

 Fig. 2.44 

 Available and required proper- 

 ties of a geosynthetic during  

 storage and transportation,  

construction, backfilling and use. 

 Duration prior to installation  

 (storage and transportation). 

 

 

 

 

 

 

1. Duration of installation 4. Design life 

2. Duration of further construction 5. End of design life 
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 Fig. 2.45 

 Required property for a sand  

 container. The open container  

 is placed in a barge which has  

 a hinged floor. The container is  

 filled and sealed in the barge  

and then allowed to fall through  

 the floor to the sea bed. The  

 diagram shows the required  

 strength at each stage  

 (courtesy C Lawson, Ten Cate). 

 

 

 

 

 

 

Comparison between the required and available properties at every stage enables the 

design engineer to allow for a minimum margin of safety. This will take into account the 

consequences of failure and is part of soil structure design. With regard to life prediction 

of the geosynthetic alone this procedure is seldom followed; most such predictions are 

based on a single end of life criterion that does not change with time. 

2.3.4 Design lifetimes 

The purpose of life prediction is generally to provide assurance that the lifetime of the 

geosynthetic, as defined by its end of life criterion, is greater than its design life. In other 

words, the geosynthetic will continue to do its job. This design life will be set by a code 

such as that of the European Organisation for Technical Approvals (EOTA 1999) which 

defines out four standard lifetimes of 10, 15, 50 and 100 years for construction materials, 

according to the ease with which the material can be repaired or easily replaced. For 

geosynthetics we are normally considering lifetimes of 50, 100, or, as we shall see, even 

longer durations in applications where the geosynthetic cannot easily be replaced. Typical 

of these are reinforcements of block walls, filters and drainage elements in motorway 

embankments, materials for coastal erosion control, geomembranes in tunnels, canals, 

reservoirs and above all in landfills. In contrast to these there are applications where the 

function of the geosynthetic is only temporary. Some examples of contrasting design 

lifetimes are given in the box below.  

 

Separator as construction aid 0.5-1 year 

Separator (permanent) 80-100 years 

Filter in drainage applications, replaceable 10-25 years 

Filter in drainage applications, not replaceable 80-100 years 

Reinforcement in a dam against slip failure 5 years 

Reinforcement in retaining structures 80-100 years 

Prefabricated vertical drain 1-3 years 

Landfill liner, drainage and protection 100+ years 

Tunnel liner 100+ years  
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Some authorities have asked for infinite life. This would only be possible if all possible 

forms of degradation were shown either to be negligible or to approach some finite limit, 

and if it was believed that environment will not change during the relevant working life. 

Will the next 100 years bring global warming as predicted, or will it lead to an ice age in 

northern Europe such as occurred only 10000 years ago?   

 

Design lives are stated in years; accelerated tests are measured in hours. It is therefore 

convenient to state here the number of hours in a year: 

1 year = 8760 h 

Similarly for a century, including leap years:   

100 years = 876576 hours. 

Since on a logarithmic scale 876576 is scarcely distinguishable from 1000000 or 106 

hours (1000000 hours = 1Mh = 114 years), this number is often used in the 

evaluation of accelerated tests.  

2.3.5 Extrapolation 

The simplest – and ideal – method of life prediction is the extrapolation of existing 

measurements to the limit which is known to be unacceptable. The diminishing tread of a 

car tyre can be measured, plotted against time, and a prediction made of the date at 

which it will reach the legal minimum, excluding any other effects such as cracking or 

ageing of the rubber. Such changes in geosynthetics are very slow and many years will be 

needed to predict with confidence a lifetime of 100 years or more. Nevertheless, this 

method has the essential advantage that the environment which has caused the 

geotextile to degrade in is the same as that for which prediction is being made. Nobody 

can argue about which of the several forms of degradation predominates or whether there 

is synergy between them – all are present in their correct proportions and sequences. The 

only assumption – which may be significant in a century of predicted climate change – is 

that the environment remains constant. 

While this method is powerful in the case of installed materials, for new materials neither 

manufacturer nor client will be prepared to wait for 20 years to obtain a prediction. It 

should be seen more as a method for monitoring – and where necessary adjusting − the 

predictions obtained by short-term accelerated testing. Details are given in chapter 3.8. 

There are however certain general principles concerning extrapolation whilch will be 

mentioned here. The general principle to be used in extrapolating data is to use the 

simplest theory that fits the facts. Known as ‘Occam’s razor’, this principle was first 

expressed by William of Occam (1285-1349), an English philosopher who practised in 

Oxford and Munich, and applies as much to the extrapolation of scientific data in the 

twenty-first century as it did to the church’s philosophy in the fourteenth century.  

If the results fall on a straight line, then this can be extended. If not, then a curve can be 

fitted. A generation ago an engineer would have used a “flexicurve”, a rod of soft metal in 

a plastic sleeve, to extend his creep curve by hand as it looked right to him. Do not 

disparage such methods. There is generally no fundamental law covering degradation; 

most curves are empirical. Today he is more likely to use a computer-generated 

approximation such as the power law, which also forms the basis of the Excel Trend 

function. This has generally proved satisfactory.  

The use of polynomial functions is discouraged, since on extrapolation they can go into 

reverse and predict negative creep which is clearly ridiculous. Always be on the lookout for 
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the unreasonable or the impossible. In the example shown later in figure 3.94 one could 

fit and extend a straight line through the points – except that it would predict a zero and 

then negative stabiliser content. The operator, not the computer, is the final judge of what 

is a reasonable prediction. 

Extrapolation should ideally not exceed a factor of ten: if the measurements have lasted 

for two years, then extrapolation should not be for more than twenty years. This is also 

demonstrated in chapter 3.4. Extrapolation beyond this point, if unavoidable, should be 

accompanied by an appropriate safety factor. 

2.3.6 Reduction factors for reinforcements 

While for most applications the purpose of life prediction is to ensure that the lifetime of 

the geosynthetic is greater than its design life, in the specific case of reinforcements a loss 

in strength is allowed for during the life of the reinforced soil structure. Strength is the 

critical property of a reinforcement; without it the soil structure would collapse. This 

strength diminishes with time due to a variety of influences. To allow for this the initial 

strength of the geosynthetic - the manufacturer’s proud and quality assured number – is 

reduced by a number of reduction factors reflecting the stress the geosynthetic is under 

and the environment surrounding it. Most of these factors will themselves change with 

time. ISO/TR 20432 defines them as follows: 

-  RFCR:  reduction factor for creep-rupture 

-  RFID:  reduction factor for installation damage 

-  RFWE: reduction factor for weathering 

-  RFCH:  reduction factor for the environment, including chemical and 

biological attack 

 

For applications such as railways, it may be appropriate to add a further reduction factor 

RFdyn: reduction factor for dynamic loading. The German system adds a reduction factor for 

joints and connections (see chapter 3.7) 

 

The reduction factors are greater than 1.0 or, if no degradation is expected, equal to 1.0. 

In addition there is a further factor of safety fs to take into account uncertainties. All these 

factors are multiplied together to yield a single factor by which the initial strength is 

divided to give the design strength. It might be more logical to define the reduction factors 

as numbers less than 1.0 by which the strength should be multiplied. Current practice is 

purely convention and any attempt to change that convention now would only cause 

confusion. Chapter 3.7 describes how these factors are to be derived from the available 

data. 

‘Initial’ strength itself requires better definition. A new geosynthetic will have a quality 

assured characteristic strength which according to most codes of practice is defined as 

the strength which is exceeded in 95% of measurements made under routine product 

testing, or alternatively two standard deviations below the mean. The US definition of the 

Mean Average Roll Value (MARV) states this explicitly. The European applications 

standards EN 13249-13257 and 13265 (2001) define a tolerance corresponding to the 

95% limit and then state that the 95% confidence level corresponds to the mean minus 

(or, in some cases, plus) one tolerance.  The data stated in a CE marking document in 

accordance with these standards are nominal values, guaranteed by the manufacturer. 

They do not have to be in direct relation to the manufacturer’s statistics.  For a normal 
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distribution 2.3% of the measurements should be less than the mean minus two standard 

deviations and a further 2.3% above the mean plus two standard deviations. Unusually 

high strengths do not worry us. Thus the assurance is actually 97.7%. In practice many 

manufacturers define a reinforcing product by its assured nominal strength (e.g. 

WonderGrid400 for a 400 kN/m product) rather than releasing the statistics of their 

internal quality control. It is reasonable to use this as the initial strength. 

2.3.7 Expression of life prediction 

Life prediction will generally take the form of an assurance that, within the limits of current 

knowledge, a geosynthetic will continue to fulfil its function throughout its intended design 

life. This assurance will be part of the initial design to meet a specific specification or 

legislation. In Europe CE-Marking includes an assessment if the material is to be marked 

as durable for environments or durations that lie outside set limits, which currently include 

all applications with design lives of longer than 25 years. The assessment will state that 

material X, in environment Y, is expected to fulfil its function according to end-of-life 

criterion Z, for a minimum lifetime T. For general marketing purposes, or to counter 

competitors’ claims,  a more general statement may be required.  

For reinforcement design the life prediction take the form of reduction factors by which to 

reduce the long-term strength of the reinforcement in design, together with predicted 

strains, again for a material X in and environment Y for a lifetime T.  

2.3.8 Safety factors 

No prediction can be exact. Uncertainties can arise from the variability in properties, the 

precision with which they are measured, as well as from more indefinable matters such as 

the choice of method for prediction. Safety factors can be based on statistically measured 

properties or on codes and procedures. They may be expressed as a function of the end-

of-life criterion, such as a 50% margin on strength, as the difference between the required 

and the predicted available property, or as a margin on design life. This will be discussed 

in chapter 3.7.  

The safety factors defined here only cover the geosynthetic itself, not the design of the soil 

structure. For example, collapse of a reinforced wall could lead to loss of life as well as 

disruption to road or rail traffic, while leakage of a pond containing toxic chemicals could 

lead to contamination of the water supply. Degradation may be gradual, allowing for 

detection and remediation, or it may be sudden. The civil engineer may choose to apply his 

own safety factor to allow for these eventualities as part of his design. Lifetime 

assessment as set out in this book should be kept separate from soil structure design and 

the consequences of its possible failure. 

2.3.9 Accelerated testing 

2.3.9.1 Introduction 

The most common methods for predicting lifetime in industry are statistical and depend 

on the presence of a large amount of historical information. Extensive databases exist on 

the times to failure of items as diverse as microelectronic components and construction 

materials such as doors, windows and drainpipes. Common to these databases is that 

many similar components have been used in similar environments, that the lifetimes are 
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not large, and that the changes to the components in the meantime have not been so 

extensive as to make the information obsolete. Also essential is a means of systematic 

recording and analysis. Human beings themselves are not exempt: the predicted life 

expectancy of males and females, smokers and non-smokers alike, is readily available on 

the internet.  

This information does not yet exist for geosynthetics. Design lifetimes of a hundred years 

or more are very long in comparison with most applications of plastics and polymers and, 

more importantly, they are longer than the geosynthetics themselves have been in 

existence. Bakelite, the first commercial plastic, was only patented in the first decade of 

the twentieth century, while most of the polymers from which geosynthetics are made 

were invented between 1930 and 1960, and the additives which extended their durability 

so dramatically were developed later still. Such data as there is generally refers to earlier 

products and, so often, the environment in service has not been measured. In this 

situation the only option is to base life prediction upon accelerated testing. 

Accelerated testing comprises numerous methods intended to obtain or predict failure 

within a time acceptable to the manufacturer, and evidently much shorter than the design 

life. The methods fall into three groups: 

- Acceleration by increasing frequency or eliminating ‘dead’ time; 

- Acceleration by increasing the severity of the degrading agent, such as load or 

chemical concentration; 

- Acceleration by increasing the temperature: this can accelerate not only chemical 

degradation but also physical processes such as creep, migration, leaching and 

evaporation.  

 

In selecting any accelerated procedure the following critical rules apply: 

- The mechanism of degradation during the full range of accelerated testing must be 

unchanged and must be as close as possible to that expected to occur in service.  

- There must be no change in the physical structure of the material (morphology) over 

the full range of temperature and time, for example no rubber to glass transition, no 

formation of barrier layers which might retard the degradation process, and no 

surface cracking that might accelerate it, unless it can be demonstrated that the 

change has no effect on the property being measured. The appearance of the 

samples or fracture surfaces after accelerated testing shall give no evidence of such a 

change. 

- Degradation should be due to one dominant factor. 

- There must be a measurable change in property with time.  

 

The last two points are discussed further in the following sections. 

2.3.9.2 Selecting the dominant factor 

While the environment encompasses various different factors that could cause 

degradation, most life prediction is based on the assumption that one dominant factor is 

responsible. Accelerated ageing therefore generally increases this one factor only.  

Be clear that this is a generalisation. Verdu et al (2007) have described how one should 

choose accelerated conditions that simulate natural ageing, and has recommended the 

measurement of more than one parameter to ensure that the acceleration is valid. 

Acceleration is generally based on the kinetics of molecular changes which may be 

separated by several steps from the macroscopic properties of interest. For example in 
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hydrolysis the acceleration relates to a chemical reaction which then reduces the chain 

length. This then leads to loss of strength. Each step may be governed by its own 

mechanism, such as chemical rate kinetics or fracture mechanics, and each depends on 

the accelerating parameters in its own way. Transport mechanisms such as migration and 

diffusion may themselves be dominant and have to be considered. The more complex the 

mechanism, the more difficult it is to simulate, particularly in the case of oxidation. 

Oxidation has been accelerated by using raising the temperature and the oxygen pressure 

simultaneously (chapter 3.1), but even this requires multiple tests and three-dimensional 

correlation. Life prediction with multiple accelerated factors, sometimes called multi-stress 

ageing, has so often proved intractable.  

2.3.9.3 Modes of degradation 

Degradation can occur immediately, gradually, or suddenly after a long period of time.  

These are termed “Modes of degradation” and numbered 1, 2 and 3 respectively. They are 

depicted infigure. 2.46. 

 

 Fig. 2.46 

 The three modes of degradation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Installation damage is, in the context of geosynthetic lifetime, relatively immediate. There 

is a rapid and irreversible reduction in strength but no further change due specifically to 

damage. This is Mode 1. This is not strictly a life prediction issue, since there is no change 

with time, but it forms part of any durability assessment. 

Hydrolysis of a polyester geosynthetic is an example of Mode 2. Moisture penetrates the 

fibres slowly and leads to a general and gradual reduction in strength. Life prediction is a 

matter of understanding the rate at which these changes occur and extrapolating their 

effects into the future. 

Mode 3 is the most difficult to predict. The oxidation of a stabilized polypropylene is an 

example; while the stabilizer is present the strength is unchanged, but once the stabilizer 

has been used up the strength of the unprotected polymer can fall rapidly. In accelerated 

oven ageing what was a polypropylene filament one day can be found as a pile of black 

powder the next – though do not fear that a geosynthetic in the soil will change so fast.  

Life prediction must adopt a more subtle approach, such as measuring the depletion of 

stabilizer with time, in order to predict well in advance the time at which the material will 

weaken or collapse.  
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2.3.9.4 Acceleration by increasing frequency 

Take a car whose lifetime is typically fifteen to twenty years. During this lifetime it will start, 

warm up, drive, stop, cool down, park. Doors and windows will be opened and shut, locks 

activated. Its actual total driving time will be less than twelve months; for the rest it stands 

parked and gleaming in front of its owner’s house – ‘dead’ time. Although some forms of 

degradation, such as rust and the fading of paint, will continue while the car is parked, 

many will depend on the time driven, on the number of times the engine warms and cools, 

or on how often the door is slammed shut. The last three can be simulated by eliminating 

the dead time: driving the car continuously round a track, repeated starting and stopping, 

and opening and closing the door, with only the minimum necessary interval between 

them. Car manufacturers do this. The total time needed to simulate the driving lifetime of 

the car can be less than a year.  

For geosynthetics most types of degradation are due to continuous exposure, such as to 

load or chemical environment, with no dead time. This form of accelerated testing can be 

used in only a few cases. Examples are: 

- Weathering: since the sun shines for an average of only twelve hours a day, the rate of 

exposure to weathering can in theory be doubled simply by applying artificial sunlight 

day and night. Even then, some of the effects of weathering are due to the alternation 

of light and dark, wet and dry, so that accelerated weathering tests generally include a 

reduced period of darkness and occasional water sprays. Acceleration by this means 

is therefore by less than double. 

- Traffic loading: this is intermittent and has been accelerated by eliminating the dead 

time between loads. Railway wagons have been driven continuously backwards and 

forwards on a track laid out over a trial array of geosynthetics to simulate a much 

longer period of service. 

- Tidal surges: Where the function of a geosynthetic is used to resist exceptional 

conditions such as tidal surges and where degradation of the geosynthetic only occurs 

under these extreme conditions, testing could be performed under these conditions 

alone over a short period. 

 

In most cases, however, other forms of acceleration apply.  

2.3.9.5 Acceleration by increasing severity 

A chemical reaction will normally proceed faster if the chemical is more concentrated. If 

the reaction is oxidation then it will proceed faster when the oxygen is under pressure. The 

same will be true if the intensity of ultraviolet light is increased, or the load is heavier. To 

understand the effect of these increases on lifetime, it is necessary to have a numerical 

relation between the severity (i.e. concentration, intensity, load) and the rate of 

degradation.  

If there is an established relation it should be possible to define a single test under severe 

conditions to simulate a longer lifetime under service conditions. Clearly it is assumed that 

the mechanism of degradation is unchanged.  

For example, it should be possible to use chemical process theory to relate the rate of 

degradation to chemical concentration and therefore the measured lifetime under more 

severe conditions to a predicted lifetime under more normal conditions.  

In predicting the resistance to weathering it is assumed that the level of degradation is 

proportional to the radiant exposure, or accumulated dose of ultraviolet light. This is the 

basis for the index test EN 12224 which applies 50 MJ/m² of ultraviolet radiation at an 
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increased intensity (Greenwood et al 1996). The rate of degradation is assumed to 

depend on the intensity of the radiation and the total extent of the degradation, for 

example the loss of strength, on the total dose of radiation experienced. The limit on 

intensity is generally set by the resulting rise in temperature, because the intense 

ultraviolet light heats the specimen until it reaches the maximum temperature acceptable 

for the material.  

If the relation between severity and rate of degradation is not known or is statistically 

uncertain, then multiple tests will be needed to measure it. Creep-rupture is such an 

example.  In this case tests are performed at a range of different high loads on separate 

specimens and the time to rupture is measured. A relation is then established between 

the load and time to rupture (the inverse of the rate of degradation), commonly that the 

logarithm of the time to rupture increases linearly with decreasing load. Having 

established this relation, its graph can be extrapolated from the short lifetimes and high 

loads used in testing to predict the longer lifetimes that correspond to the lower loads 

applied in service, with the object of defining a design load corresponding to the service 

lifetime (figure 2.47). 

 

 

 Fig. 2.47 

 Creep-rupture of a polyester  

 reinforced geotextile.  

 The measured times to failure  

 are plotted horizontally – on a  

 logarithmic scale − as a func- 

 tion of their applied loads. The  

 relation between applied load  

 and the logarithm of time to  

 failure is not known, but is as- 

 sumed to be a straight line  

 as drawn above. Having 

 established this relation, it is  

 then extrapolated to give the 

 load that would lead to failure 

 after 1000000 h, namely 51%  

 of the tensile strength.  

 

 

Increase in severity is sometimes combined with an increase in temperature in order to 

provide the degree of acceleration necessary to simulate the very long lives of 

geosynthetics. For example, in ISO 13438 Methods C1 and C2 oxidation is accelerated by 

simultaneously increasing both oxygen concentration and temperature. Creep-rupture is 

performed at multiple temperatures. These are described further in chapters 3.1 and 3.4 

respectively. Increase in chemical concentration as well as temperature is the basis for the 

index tests in ISO 14030, in which specimens of geosynthetic are exposed separately to 

concentrated aqueous solutions of sulphuric acid and calcium hydroxide. Oxygen is 

bubbled into the acid to increase the likelihood of oxidation. In these cases, however, the 

correlation between the test conditions and long-term lifetime is less certain and the 

function of the index test is to eliminate any products where there is any risk of 

degradation under acid or alkaline conditions such as for polyamides in soils with a higher 

acidity than pH4 for a working life of 25 years. 
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2.3.9.6 Acceleration by increasing temperature: Arrhenius’ formula 

It is a fundamental experience of life, not least in cookery, that raising the temperature 

accelerates chemical, physical and biological processes. To make a first approximation, 

note that there is a widely used rule of thumb, attributed to the Dutch scientist and Nobel 

Prize winner Jacobus Hendricus van’t Hoff, by which the rate at which a process occurs 

doubles with each 10 ºC increase in temperature. This covers the performance of many 

polymers over their range of use. In some cases a factor of three or four is more 

appropriate than a factor of two. This provides a useful tool for a first approximation. 

The Swedish chemist and Nobel Prize winner Svante Arrhenius derived from 

thermodynamic considerations a proper theoretical relation between temperature and the 

rate at which a process occurs. Intended originally to cover chemical reactions, this 

relation has also been applied successfully to physical processes such as creep. 

Arrhenius’ formula is used to evaluate most chemical and many physical tests accelerated 

by increasing the temperature. 

 

 Fig. 2.48 (left) 

 Nobel Prize winner Svante  

 Arrhenius. He also derived a  

 numerical relation between  

 the concentration of atmos- 

 pheric carbon dioxide and  

global warming (Elsevier,1996). 

 

 

 Fig. 2.49 (right) 

 Nobel Prize winner Jacobus  

 Henrikus van ’t Hoff.  

 He developed the rule of thumb  

 by which the rate at which a  

 process occurs doubles with  

 each 10 ºC increase in  

 temperature . 

 

 

Arrhenius’ formula can be stated as follows: 

A = A0 exp(-E/R θ) 

where A is the rate of degradation, A0 a constant or pre-exponential factor, E the activation 

energy of the process in J/mol, R the universal gas constant (8.314 J/mol.K) and θ is the 

absolute temperature in K (temperature in ºC +273). Note that for geosynthetics the 

Greek theta θ is used instead of the more common T to represent temperature, since in 

geotechnical engineering T is used to represent load per unit width. E relates to the 

fundamental molecular mechanism driving the process, such as the breaking of a 

chemical bond or the unravelling of a polymer chain. As θ increases, so E/Rθ decreases, 

the exponential term increases and with it the rate of degradation. Values of E in the 

polymer field tend to lie between 30 and 110 kJ/mol; a higher value of E leads to a greater 

sensitivity of the rate of degradation to temperature. Such mechanisms are described as 

being ‘thermally activated’. E is taken as independent of temperature, though it may show 

a weak dependence, and it can be affected by the presence of catalysts or changes in pH. 

Processes with high activation energies are accelerated faster by an increase in 
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temperature, something that must be borne in mind when, as with oxidation, several 

thermally activated processes operate simultaneously. 

To obtain a straight line graph take natural logarithms of both sides of the equation to 

give: 

ln A - ln A0 = -E/R θ. 

The natural logarithm of the rate of degradation (ln A) is then plotted against the inverse of 

the absolute temperature (1/θ).  Arrhenius’ formula applies if the points lie on a straight 

line with gradient -E/R, from which the activation energy E can be calculated.  

The logarithm to base 10 (log A) can be used instead of ln A, but then the gradient is then 

equal to –E/2.3036R. If time to failure (tf) is used instead of rate of degradation Arrhenius’ 

relation and its logarithmic form become 

 

tf = tf0 exp(E/Rθ) 

 

ln tf - ln tf0 = E/Rθ. 

 

where tf0 is a constant in the same manner as A0. Note that the minus sign before E has 

been removed and that the graph now has a positive instead of a negative gradient. 

2.3.9.7 Planning Arrhenius tests 

The procedure for planning a series of Arrhenius tests should include the following: 

- Identify the mechanism of degradation and confirm that it will be accelerated by 

temperature. Identify any other potential forms of degradation and how they can be 

avoided or excluded by using control samples. 

- Define a single property related to the end of life and the limit of its acceptability. This 

may be the property of direct interest, such as 50% retained tensile strength. A 

change in property is essential. Note, however, the following.  

o A higher retained strength (e.g. 90%) may be selected in order to shorten the test 

durations, provided that the time to 50% retained strength can be predicted with 

confidence from the results. 

o It is important that the property can be measured with sufficient precision to 

monitor the changes. It may be better to measure a different property such as 

intrinsic viscosity which can be measured with greater precision than tensile 

strength, provided that there is an established relation between them, yet tensile 

or burst strength may prove more precise than hydraulic permittivity.  

- Determine the environment, such as, air, water of a standard purity or a chemical.  

- Decide on the range of temperatures to be used. In general four temperatures are 

recommended, although three are sufficient. The maximum temperature will be that 

at which the mechanism of degradation or the state of the polymer changes, and the 

minimum temperature will be limited by the time available for testing. Temperature 

steps should generally be no greater than 10 ºC, but may be larger for properties less 

sensitive to temperature. Ideally the lowest temperature should be no more than 

25 ºC above the predicted service temperature, but since the design lifetime for 

geosynthetics is typically 100 years and the time available for testing rarely exceeds 

one year, this temperature interval is likely to be greater. ISO 2578 provides further 

guidance. 

- Define the times after which testing is to take place. These times should be spaced 

logarithmically, for example after 100, 300, 1000, 3000 and 10000 h, since the 
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logarithms of these times, 2, 2.5, 3, 3.5 and 4, are equally spaced. Since it is not 

possible at the outset to predict exactly which duration will correspond to a reduction 

in strength, it will be necessary to perform repeated measurements until the strength 

is less than, for example, 50%, and to interpolate the precise duration. The figure of 

50% does not have to be the same as the end-of-life criterion. Since these 

measurements are generally destructive, multiple specimens will be required. 

- Define the size and number of specimens required for each temperature, since each 

temperature will require a separate oven or immersion tank. Five specimens may be 

necessary to define tensile strength with sufficient precision. It is more economical to 

expose a larger number of specimens but withdraw only two after each duration until 

the strength has fallen by at least 30%. Only then increase the number to five. 

Specimens for any particular duration should be taken from different locations in the 

oven or tank. In any case reserve specimens should be installed in case the durations 

have to be extended.  

- Plot the retained strength against time and determine the rate of change. Figure 2.50 

shows a typical series of measurements of reduction in strength at different 

temperatures, from which linear rates of change with time can be derived. The rate of 

degradation is then the inverse of these times. These rates provide five points for the 

Arrhenius graph as shown in table 2.2. Alternatively determine the times to a specific 

change in strength, e.g. 50% of initial strength, noting that this will generate a graph 

of opposite gradient. 

- Examine each test sample for any change in the nature of degradation or of failure, for 

example, the growth of a barrier layer on the surface or circumferential cracking on 

the fibre surface, or increased ductility as evidenced by the geosynthetic modulus and 

peak strain at the higher temperatures. Light and Scanning electron microscopy is a 

useful aid to this purpose. If a change is observed, only those results should be 

retained which are regarded as being representative of long-term degradation. If 

process of degradation comprises two or more separate stages, these should be 

identified at each temperature and separate extrapolations should be made for each 

stage. 

- Ideally start the tests at the highest and lowest temperatures first. The results of the 

tests at the highest temperature and shortest duration can then be used to modify 

the tests for the intermediate durations, in order to improve the likelihood of obtaining 

the required result in a time that is neither too short nor too long. The more 

information that can be obtained in advance, the greater is the possibility of obtaining 

a satisfactory Arrhenius graph within an acceptable time. The longest tests at the 

lowest temperature need to be started early in order not to lose any time.  
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 Fig. 2.50 

 Relation between tensile  

 strength and time following  

 immersion of polyester yarns in  

water at different temperatures. 

 

 

 

 

 

 

 

Tabel 2.2  Measurements of the rate of degradation at various temperatures and 

derivation of the parameters for plotting on an Arrhenius diagram. 

Rate of degradation:  

% strength loss/day 

Log (rate of 

degradation) 

Temperature 

ºC 

Inverse absolute 

temperature K-1 

0.074 -1.13077 120 0.002545 

0.019 -1.72125 105 0.002646 

0.0051 -2.29243 90 0.002755 

0.00045 -3.34679 70 0.002915 

0.000093 -4.03152 50 0.003096 

 

2.3.9.8 Evaluation of Arrhenius tests 

 

 

 Fig. 2.51 

 Parameters from 2able 2.2  

 plotted as an Arrhenius  

 diagram. The evident straight  

 line fit demonstrates that  

 Arrhenius’ formula applies and  

 that the relation may be used  

 to predict the rate of degrada- 

 tion at lower temperatures. 

 

 

 

 

 

 

 

On completion of the tests plot the times to a particular retained strength or other 

parameter against the inverse of the absolute temperature in K (figure 2.51). If Arrhenius’ 

formula applies this plot should be a straight line. If it is curved, or if one of the points – a 

“rogue” point – fails to lie on the line defined by the other points, Arrhenius’ formula does 

not apply. The reason is frequently because at the temperature of the rogue point the 
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mechanism of degradation has changed. If the rogue point corresponds to the highest 

temperature, then this point should be disregarded and an additional set of tests 

performed at a new, lower, temperature. If the rogue point corresponds to the lowest 

temperature, and particularly if it indicates that the rate of degradation at that 

temperature is more rapid than would otherwise be expected, then any extrapolation to 

lower temperatures is invalid. 

The rate of degradation A should be expressed in absolute units (not %) per time, and the 

temperature θ should, as mentioned, be in K. We then set y = ln A and x = 1/θ. The 

formula for the straight line and its gradient b can be evaluated using standard regression 

analysis as: 

 

y = ymean + b (x – xmean) 

 

where ymean and xmean  are the means of all values of y and x respectively, and  

 

b = Sxy/Sxx 

 

Sxx = Σ (x – xmean)² 

 

Sxy = Σ (x – xmean) (y – ymean). 

 

The Excel functions SLOPE and INTERCEPT can also be used. For the example above the 

intercept = ln A0 = 12.502 (corresponding to a theoretical rate of 1012.502 when 1/θ = 0) 

and the slope = -E/2.3036R = -5376, making E = 103 kJ/mol. By inserting the design 

temperature, expressed in K, into this equation one can predict the rate of loss of strength 

in service. In the case above the rate of loss of strength at 20 ºC is deduced to be 1.42 

×10-6 per day and the strength remaining after a lifetime of 100 years will be 94.8%. 

Where the parameter being measured is not the final parameter of interest, a further 

correlation is required. For example in measurements of the hydrolysis of polyester fibres, 

where the intrinsic viscosity of the fibres was measured after exposure to hot water at 

different temperatures and for various durations, a separate correlation was established 

between intrinsic viscosity and tensile strength which enabled the residual strength of the 

hydrolysed fibres to be predicted (Schmidt et al 1994, Burgoyne and Merii 2007). Sangam 

and Rowe (2002) measured the antioxidant depletion time of HDPE geomembranes in air 

and water at elevated temperatures and used Arrhenius’ formula to predict the time to 

zero oxidation induction time at various temperatures. This is the point at or just before 

which the mechanical properties are expected to degrade. 

If the activation energy (E) of the process is known, it may be sufficient to determine the 

rate of degradation at one temperature only and then to draw the Arrhenius line through 

that point with the slope corresponding to E. This procedure has been used for the 

oxidation of geomembranes with E = approx. 60 kJ/mol. If this procedure is used, the 

consequences of any error in measurement or assumed value of E should be assessed. 

The calculation of RFCH is explained in chapter 3.7. 

2.3.9.9 Uncertainty of the extrapolation 

Arrhenius diagrams are frequently liable to scatter. Due to the logarithmic time scale any 

error in gradient can lead to large errors in the predicted time to failure. ISO 2578 states 
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that the correlation coefficient of the Arrhenius plot for three temperatures shall be 

greater than 0.95. 

For reinforcing geosynthetics ISO TR 20432 requires the calculation of a contributory 

safety factor R2 and, while this is not specified for other applications, the procedure is 

recommended in order to present a life prediction with sufficient confidence. The upper 

confidence limit of the Arrhenius line, corresponding to the maximum rate of degradation, 

is calculated from the formula: 

 

y = ymean + b (x - xmean) + tn-2 σ0√[1 + 1/n + (x - xmean)²/Sxx] 

where, in addition to the quantities defined above, 

 

- tn-2 is the value of Student’s t corresponding to n – 2 degrees of freedom and the 

required level of probability. Suppose that the confidence level required is a 95% 

probability that the predicted lifetime will be less than the confidence limit shown. 

There is a lower confidence limit (which otherwise does not concern us: to calculate it 

substitute minus for plus in front of tn-2 in the equation for y above) and the probability 

of lying between both limits is 90%. The probability of the lifetime lying outside these 

limits is 10% or 0.1, which explains the use of this number in the Excel function for tn-2  

which is TINV(0.1,n-2). As a check that the right criterion has been chosen, note that 

as n tends to infinity Student’s t tends to 1.64.  

- σ0 = √[(Syy - Sxy
2/ Sxx)/(n – 2)] 

- n = number of measurements 

 

The graph of y (= ln t) and x (= 1/θ) is a hyperbola whose centre is at the point (xmean,  

ymean) and which fans outwards with increasing extrapolation (figure 2.52). The normal 

level of probability considered is 95% one-sided, such that one point in twenty is expected 

to outside the limit. The lower branch of the hyperbola would represent an lower rate of 

degradation which is of no interest here.  

 

 

 Fig. 2.52 

 Arrhenius diagram showing  

 95% upper confidence limit. 
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n  = 5 

σ0 = 0.1219 

Lower confidence limit:  

 

y = 12.515 - 5380x  + 0.2870√[1.2+(x - 0.002791)²/(1.917 × 10-7)] 

 

The definition of R2 is explained in section 3.7.5.4. 

2.3.10 Changes in the state of the material: transitions 

It has been clearly stated that there must be no change in the physical structure of a 

material over the full range of temperature and time covered not just by the accelerated 

tests but also by the service conditions. ‘Transitions’ are not allowed. This is a 

fundamental rule of accelerated testing. For example, in the hydrolysis of PVA fibres there 

is a transition in the rate of degradation between 40 ºC and 50 ºC. The resulting step jump 

in the Arrhenius diagram means that only tests at 40 ºC and below may be used for life 

prediction of these fibres at typical service temperatures (Nishiyama et al 2006). This is 

achieved by sensitive measurement of the ultraviolet absorption and its correlation with 

the tensile strength of the fibre. In their analysis of the hydrolysis of polyesters Schmidt et 

al (1994) detected a slight change in gradient at 70 ºC and made an evaluation for the 

points below 70 ºC only.  

There are however situations where it can be shown that the change has no effect on the 

process being measured and that measurements made beyond the transition are valid. In 

the measurement of creep of polyester geosynthetics using the stepped isothermal 

method (see section 3.4.2.9), the temperature is raised as high as 90 ºC in spite of there 

being a known transition at 70 ºC or below. This transition is in the physical state of the 

amorphous regions. However, the creep properties of the fibres are governed by the 

crystalline regions together with the tie molecules which cross the amorphous areas 

without adopting an amorphous morphology. Since neither the crystalline regions nor the 

tie molecules are affected by the transition, acceleration at higher temperatures is 

accepted and has so far proved to be valid (Thornton et al 1998, Greenwood et al 2004).  

2.3.11 Sequential processes 

The oxidation of polypropylene and polyethylene may be regarded as two or more 

thermally activated process following one after the other. In this case each individual 

process is considered separately and a separate Arrhenius diagram is constructed to 

determine the lifetime of each stage. The overall predicted lifetime is the sum of these 

durations. More details and references are given in chapter 3.1. 

2.3.12 Index tests 

Where the degradation of geosynthetics in particular environments is sufficiently well 

understood, European and International standards have defined indicative or “index” tests 

to assure that the product should have a minimum lifetime of 5 years, 25 years and in 

some cases 100 years. An index test should be easy to perform, to evaluate and 

interprete. It should be unambiguous, should require no subjective judgment and give no 

optional alternatives. The test should be valid for all geosynthetics of a particular kind or of 
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a particular polymer. The duration should be as short as possible and the test should, of 

course, be cheap. 

The tests are based on Arrhenius or other accelerated testing and are described in more 

detail in subsequent chapters. The environment to which they refer is limited to a 

maximum temperature of 25 ºC, the geosynthetic should be covered within a set time, the 

soil should be uncontaminated and its pH should lie between 4 and 9. These conditions 

are satisfied for the vast majority of applications in Europe, and in many of them the 

environment is even more benign. The tests are, emphatically, an assurance of a 

minimum lifetime and not life predictions. The geosynthetics are not expected to 

disintegrate suddenly on completion of this minimum, any more than food sold by a 

supermarket will be covered with grey mould the day after its printed sell-by date. 

Nevertheless, the minimum duration denotes a time after which the likelihood of failure, 

and the need for replacement and repair, will inevitably if inexorably increase.  

In some cases manufacturers have sought to demonstrate longer lifetimes by simply 

extending the duration of the index tests. This is only valid where the rate of degradation is 

uniform (Mode 2 in figure. 2.46), such as may apply to the hydrolysis of polyester fibres 

but is not the case for oxidative degradation of polyolefins.  

2.3.13 Limits of prediction 

Life prediction assumes that the mechanism of degradation is sufficiently well understood. 

In general it assumes that there is one dominant form of degradation at any one time. 

Where the degradation is complex, comprising several simultaneous and interacting forms 

of degradation, the process of prediction will require simplifications which make the 

prediction less certain. Oxidation is an example of where life prediction is at the limit of its 

capability, due to the multiple processes acting simultaneously. Each of these will depend 

on the structure of the geosynthetic and the additives and impurities it contains. Since we 

cannot define tests for each individual formulation, the accelerated tests have to be of 

one general type and their interpretation somewhat empirical. 

A further limit is set by the time available for testing. ISO 2578, which refers to the ageing 

of plastics in general, requires that the longest test (i.e. at the lowest temperature) should 

last at least 5000 h (about 7 months) up to the time at which the critical property is 

reached, and that the corresponding duration for the highest temperature should be at 

least 100 h (about 4 days). It also recommends that, effectively, the lowest test 

temperature should not be more than 25 ºC above the service temperature to which the 

data are to be extrapolated. These numbers are useful as a guide, but are not always 

achievable for the long durations required for geosynthetics. 

ISO 2578 also describes the use of reference materials, for example when comparing the 

performance of a new product with an old one whose performance is well understood. 

Fewer tests and wider temperature bands are then permitted. This could be of use for 

products such as polyethylene and polyester of similar quality, but a comparable testing 

system has not yet evolved for geosynthetics. 

Authorities and producers alike are not prepared to wait longer than about one year for the 

results and consequent life predictions. This means that the temperature of testing 

remains uncomfortably high, typically 60 °C, while the design temperature can be 20 ºC or 

less, a difference of 40 ºC.  

In such situations it may be advisable to include a cautionary factor. ISO/TR 20432 

attempts to do this with the factor R1 for accelerated creep tests, and to some extent with 
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the factor R2 for accelerated environmental tests. These are described further in Section 

3.7.5.
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Chapter 3  

Degradation mechanisms 

and reduction factors 

3.1 Chemical degradation and oxidation 

 

J.H. Greenwood, H.F. Schroeder 

3.1.1 Introduction to chemical degradation  

Polymer geosynthetics degrade principally due to chemical reactions with the 

environment. The rate at which this occurs depends strongly on the temperature and other 

conditions. Before proceeding with polyolefins, a few general remarks are made: 

- Many reactions occur at the polymer surface. Thus thicker materials are clearly more 

resistant than thinner ones.  

- The mineral particles in a moist soil are surrounded by a thin layer of adsorbed water. 

Within this layer the concentration of active molecules or ions is higher than in the 

bulk fluid including, possibly, metal ions emanating from the soil particles themselves. 

These active molecules are formed by a reaction between a soil component and the 

fluid phase, for example hydroxyl ions formed by the hydrolysis of carbonates or ferric 

or ferrous ions formed by the hydrolysis of silicates. The molecules or ions have to 

move by diffusion or convection to the surface of the geosynthetic with which they are 

to react, and although distances are small it may be the speed of this transport rather 

than the rate of the chemical process itself that controls the rate of reaction. A 

change in temperature can lead to a change in the controlling process.  

- Chemical reactions between solid reaction partners are generally slow in comparison 

to reactions with those involving fluid phases. 

- The high surface area of fine geotextile fibres will increase the rate of chemical surface 

attack.  

- The external reagent may be consumed at the surface. Otherwise it can permeate into 

the polymer and, provided that this occurs fast enough, such as with the diffusion of 

molecular oxygen or water, then a reaction can occur throughout the whole thickness 

of the material. Ionic molecules usually find it less easy to permeate. The rate of 

diffusion of the external reagent may be the factor that controls the rate of the whole 

reaction sequence. 

- In semicrystalline polymers any such reactions are more likely to take place in the less 

ordered amorphous regions since the tightly packed crystalline regions are relatively 

impermeable.  

- Chemical reactions can take place in the main chain of the polymer or in the side 

chains. Rupture of the main chain is more critical because it will directly reduce the 

strength of the polymer. 

- If the type of reaction that is most likely to occur in a polymer is not already known 

from experience, it can be deduced by observing compounds carrying the same 



CUR Building & Infrastructure Report 243 

 

  112 

functional groups but with shorter chain lengths and thus lower molecular weights. 

These compounds are easier to handle. 

Such comparisons are limited by the fact that the steric effects of macromolecules, 

i.e. the relative movement of longer polymer chains, branches or functional groups, 

cannot generally be simulated by these small model molecules and have to be 

considered separately. Examples are the effect of the interaction between 

neighbouring methyl groups in isotactic polypropylene (PP) favouring oxidation and 

the zipper effect when eliminating hydrochloride from polyvinylchloride. 

3.1.2 Oxidative degradation of polyolefins 

Polyolefins include polyethylene (PE) and polypropylene (PP) and their copolymers and 

blends, all of which are commonly used in geosynthetics. They degrade principally by 

oxidation, which is a reaction between the polymer and molecular oxygen. The basic 

chemistry of this reaction is understood fairly well (Bolland and Gee 1946). However, the 

whole process of oxidation in solid state polymers is so complex and heterogeneous that 

its nature and its kinetics still leave a lot of open questions.  

Polyolefin materials are mainly semi-crystalline, containing crystalline and amorphous 

regions. Oxygen permeates the amorphous regions of the polymer and oxidation takes 

place throughout these regions, both in the bulk and at the surface. Depending on the 

supply of oxygen, the temperature and the rate of surface reaction, the overall rate of 

reaction may be determined either by the rate of the oxidative chain reaction, or by the 

rate of diffusion and permeation of oxygen into the polymer. Particularly important is the 

effect of oxidation on the tie molecules that bridge amorphous regions and link the 

crystallites (see section 2.1.2). If these are broken, the strength of the material may be 

directly reduced.  

Thus the molecular result of oxidation is the breakage of polymer chains, leading 

ultimately to a loss of strength and to an increase in the number of reactive functional 

groups. For polymers such as PE there may additionally be a change in the structure of the 

polymer such as crosslinking, leading to higher molecular mass and less flexibility. 

Oxidation of polyolefins is a chain reaction whose initiation requires a source of energy for 

the generation of radicals which start the reaction. The chain reaction is usually structured 

into the following steps: chain initiation, chain propagation, chain branching and chain 

termination. A more comprehensive description of this reaction is given in Annex 3.1- 1.  

 

The source of energy is most commonly thermal energy, represented by the temperature 

of the material, but can also be provided by ultraviolet light or other high energy radiation, 

energetic molecules left over from material production, mechanical shear during 

compounding or installation, or high permanent stresses. Transition metal ions from the 

environment and or catalyst residues or hydroperoxides from the material production can 

also assist in initiating oxidation. The result of this spike of energy is to break a bond in the 

polymer creating molecular fragments, known as radicals. A few of these can carry an 

electric charge.  

In a succession of chemical reactions the radicals combine rapidly with the oxygen and 

then react with the polymer. These so-called propagation and branching reactions produce 

peroxides and other active compounds, releasing further radicals which combine with 

further oxygen molecules and start new chain reactions. When the local supply of oxygen 

dries up, or the number of active radicals is very high, termination reactions can occur 
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which finally slow down or stop the chain reaction by reducing the number of active 

radicals. These reactions can produce smaller molecules containing, for example, reactive 

double bonds, or larger molecules with crosslinks leading to a broadening of the molecular 

mass distribution. 

The different stages in this chain reaction and the possible side reactions proceed at 

different speeds (Zweifel 1998, p. 3, reactions 1.5-1.8). The rates of the reactions depend 

on their respective activation energies and thus on temperature. For example, the primary 

combination with oxygen proceeds much faster than the subsequent creation of the 

hydroperoxide. These reactions depend on the relevant chemical compounds being locally 

available. This in turn may be controlled by their appropriate rates of diffusion, in 

particular the speed with which oxygen can permeate on its way into and through the 

polymer in comparison with the rate at which it is consumed by the reactions. The more 

highly oriented amorphous and the crystalline regions in polyolefin materials, particularly 

in highly oriented fibres, may present a considerable barrier to diffusion. On the other 

hand a high surface-to-volume ratio such as is found in fibres and tape yarns will greatly 

increase the accessibility of oxygen. Under any one set of conditions the chain of reactions 

that make up oxidation will proceed at the speed of the slowest individual reaction.  

These reactions and transport processes all depend on temperature and on external 

oxygen pressure, both of which can be increased to accelerate the rate of reaction. 

However, since each reaction can depend differently on temperature or pressure, if the 

temperature or pressure is raised the overall rate of reaction can change from being 

governed by one reaction to being governed by another. In some reactions the activation 

energy, which for extrapolation purposes should be independent of temperature, has been 

shown to decrease at lower temperatures. The cause of such a variation may be a change 

in the molecular reaction mechanism, or in the relative rates of chemical reactions or 

transport processes. This makes accelerated testing even more difficult to interpret unless 

performed at relatively low temperatures, when it would take many years to complete. 

In the oxidation of isotactic polypropylene the steric interaction between neighbouring 

methyl groups plays a critical part and leads to an increase of the sensitivity to oxidation. It 

also leads to a rapid decrease in melt viscosity during processing, resulting in a rapid loss 

of molecular mass. 

In contrast, the oxidation of polyethylene can generate a considerable number of double 

bonds. It can also cause crosslinking, resulting in an increase in molecular mass and in 

melt viscosity. 

Small concentrations of transition metal ions can act as catalysts in the oxidation 

reactions in addition to the part they play in the initiation. Of these the ferric (Fe3+) ion is 

the most common but copper, titanium and manganese and other ions have also been 

shown to be important. Some of these metal ions can originate from constituents of 

minerals in the soil, while others are more likely to be the residues of catalysts used to 

initiate the original polymerization of the monomer.  

More complex reactions take place during the extrusion and drawing of the polymer into 

sheet or fibrous form, when the temperature can briefly reach 200 to 300 ºC. The 

compounds left over from these reactions may influence the long-term durability. For 

similar reasons, high temperature ageing tests may not sufficiently simulate the reactions 

found during long term exposure at much lower soil temperatures. 
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3.1.3 Additives for Polyolefins 

The following is a short survey of the principal additives used, comprising antioxidant 

stabilizers, UV-stabilizers, metal deactivators and acid scavengers. Comprehensive 

information is to be found in Zweifel (1998, 2000) and in Bart (2005). 

3.1.3.1 Antioxidant stabilizers 

Even though the high degree of orientation and crystallinity of polyolefins can retard 

oxidation, for many materials the addition of antioxidants is essential. Under normal 

conditions pure unstabilized PP can degrade within a year, even in the dark. 

Some comments on the mode of operation of antioxidants are given in Annex 3.1-2. 

The antioxidants were introduced briefly in chapter 2.1.3. Here we shall examine the main 

types used in polyolefins and explain their purpose. In many cases a combination of 

antioxidants is used: the prefabricated package is referred to as a masterbatch and is 

specially designed for each type of application. 

Much heat is needed during the manufacturing process to enable the materials to be 

processed in the molten state. At these relatively high temperatures of around 200°C so-

called processing antioxidants operate, notably hindered phenols and organic phosphites, 

designed to suit the individual processing method. On cooling the surplus antioxidants, 

together with the products of the reaction, remain in the polymer. In most cases these 

reaction products can be disregarded, but in others acid scavengers are required as 

described in section 3.1.3.4.  

Long-term antioxidants such as aromatic amines, thioesters, sterically hindered phenols 

(ShPh) (figure 3.1 (left)) and sterically hindered amines (HAS) (figure 3.1 (right)) have the 

purpose of retarding oxidation of the geosynthetic during its service life and at service 

temperatures. These stabilizers either interrupt the chain of radical initiated reactions or 

provide an alternative means for terminating it. Initially the strong ShPh antioxidants 

completely suppress oxidation, resulting in an induction period during which there is no 

measurable change in tensile properties. 

 

 

 Fig. 3.1 

  (left) Essential functional  (right) Essential functional 

 (antioxidant) part of a sterically  (antioxidant) part of a sterically 

 hindered Phenol (SHPh):  hindered Amine (HAS): 

 The phenolic OH-Group bound  The piperidine ring containing 

 to the benzene ring, which is  the amine group (N H) 

 sterically hindered by the  included and two sterical 

 neighboured butyl groups(+). dimethyl hindrances ( < ). 

 

HAS decrease the rate of oxidation even after the induction period created by ShPh has 

ceased. During the induction period the ShPh antioxidants are oxidised, i.e. they are 

transformed into a chemically relatively inactive species. Antioxidants such as HAS are 

able to regenerate for extended periods but are generally not quick and strong enough to 

retard oxidation to the level that would be needed to create an induction period.  

The overall effectiveness of an antioxidant depends on its chemical design, its 

concentration and clearly on the other components of the geosynthetic polymer.  

After the consumption of the antioxidants the material reacts with the radicals, which then 

degrade it. Some materials such as PE can deactivate radicals rather effectively for a 

limited period. This intrinsic stability is achieved mainly by forming crosslinks. In other 
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materials such as PP oxidation commences immediately after consumption of the 

antioxidants and is accompanied by a reduction in mechanical properties. These materials 

therefore have a lower intrinsic oxidation stability.  

 

Antioxidants such as HAS, if present, will therefore retard but not fully suppress oxidation, 

allowing for a slower reduction of mechanical strength. 

3.1.3.2 Methods for monitoring antioxidant content 

The content of antioxidants can be monitored at any stage by chemical analysis, for 

example ultraviolet (UV) spectroscopy, Fourier Transform Infra-red (FTIR) spectroscopy, 

high pressure liquid chromatography (HPLC) or gas chromatography (GC) coupled with 

mass spectrometry (MS) (Bart 2005). In many cases the content can be monitored either 

by measuring the oxidation induction time (OIT) (ISO 11357-6, ASTM D 3895, ASTM D 

5885) using differential scanning calorimetry (DSC), or by using the initiated cumene 

oxidation test ICOT (Bart 2005, p. 47, Zeynalov 2000, Schroeder 2001, Schroeder 2002) 

method, which is related to long term antioxidant consumption. The limits of application of 

OIT have been summarised by Pauquet (1993). An OIT trace is shown schematically in 

figure 3.1.5. The OIT is the duration that starts with the introduction of oxygen into the 

system and finishes with the rise in temperature caused by the oxidation reaction.  

 

We present now a short review of the thermo-analytical methods relevant to long term 

ageing. For further information refer to the literature.  

Differential Scanning Calorimetry, DSC (see Ehrenstein 2004 and Riga 1997 and 

references for ASTM, ISO, EN) is a method of thermo-analysis that measures any kind of 

change in the thermal energy of materials resulting for example from chemical reactions 

or morphological changes such as melting. Testing is performed under controlled 

heating/cooling in selected atmospheres. Oxidation and crystallization are both 

exothermic reactions that produce energy, the first being a chemical reaction and the 

second a physical process. Melting is an endothermic process that consumes energy 

(endothermic). These and further processes can easily be detected and measured by DSC 

which generates a plot of heat flow against temperature (see figure 3.2). The arrows to the 

left of the diagram indicate the direction of endothermic and exothermic processes. The 

processes may be characterized by a peak as shown in figure 3.2, by their point of 

inflection (Glass transition temperature) as shown in figure 3.5, or by a temperature range. 

The area under the peak is related to the molar enthalpy of the process. Some examples 

of DSC are shown in figures 3.3 a to d. The figures show the initial heating trace, whose 

shape is determined by the material superimposed with thermal effects resulting from 

manufacturing. After heating the material is cooled and then heated for a second time. In 

this second heating these thermal effects are erased, and the trace may show additional 

recrystallization effects, as shown in figure 3.3 a (the smaller peak at about 90 °C, near to 

the melting peak at about 120 °C). Similar changes in the morphology of the specimens, 

such as in the degree of crystallinity, may appear following extended durations at elevated 

temperatures. The relatively linear DSC traces in figures. 3.3 a, b and d show that up to 

85 oC, ageing proceeds normally. This means that no anomalies are to be expected when 

the results are extrapolated to lower temperatures. The peaks in figure 3.3 a show that for 

this material the material properties may cause problems if testing is performed at 

temperatures higher than 80 °C. Figures a and c demonstrate the need to perform a 

second heating together with the intermediate cooling. The effect of the cooling process 
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depends strongly on the rate at which it occurs. The DSC-run c for a PE-blend shows 

anomalies in the temperature range up to 80 °C, showing that irregularities in the 

Arrhenius plot or changes in the material appearance might occur if oven ageing or 

autoclave (oxygen pressure) ageing are performed at temperatures up to 85 °C. Other 

thermal analysis methods include determination of loss of mass (thermogravimetric 

analysis or TGA), of changes in dimensions (thermomechanical analysis or TMA) or of 

changes in mechanical properties (dynamic mechanical analysis or DMA) related to 

heating and cooling in controlled atmospheres.  

 

 

 Fig. 3.2 

 Schematic diagram of a  

 DSC-plot illustrating different  

 types of thermal effects  

 (courtesy of Dr. D. Robertson,  

 BAM 4.3). 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 3.3a 

 DSC-Diagram of a LLDPE  

 copolymer material  

 (courtesy of Dr. M. Boehning  

 and Dr. D. Robertson,  

 BAM 6.6 and BAM 4.3. 

 

 

 

 

 

 

 

 

 

 

Information from thermal analysis should therefore be taken into consideration in 

planning long-term tests on geosynthetics, in particular the test temperatures. This 

information only relates to physical and not chemical effects since tests are performed 

under nitrogen. 
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 Fig. 3.3b 

 DSC-Diagram of a HDPE  

 material (courtesy of  

 Dr. M. Boehning and  

 Dr. D. Robertson,  

 BAM 6.6 and BAM 4.3). 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 3.3c 

 DSC-Diagram of a PE-Blend 

  (courtesy of Dr. M. Boehning  

 and Dr. D. Robertson,  

 BAM 6.6 and BAM 4.3). 

 

 

 

 

 

 

 

 

 

 

 

3.1.3.3 Individual antioxidants 

Sterically hindered phenols (ShPh), main functional group see figure 3.1 (left), are 

antioxidants which interrupt the chain reaction by deactivating the radicals and are thus 

called primary antioxidants. They can operate very effectively both during processing and 

at service temperatures. Great care and experience has to be applied in their selection 

and formulation, in metering the correct concentration, and in ensuring their protection 

against UV light, since their UV stability is generally low. Their activity and compatibility 

with the polymer matrix is determined by their chemical structure and should be checked. 

Their resistance to extraction and evaporation depends mainly on their molecular mass. 

Antioxidants containing ester groups as shown in figure 3.4 may be hydrolyzed by inner or 

outer hydrolysis (see section 3.2), in which case deactivation may occur more quickly. 
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 Fig. 3.3d 

 DSC-Diagram of a PP-material  

 (courtesy of Dr. M. Boehning  

 and Dr. D. Robertson,  

 BAM 6.6 and BAM 4.3). 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 3.4 

 Essential functional part of an  

 ester, the ester carboxyl group  

 (-O-C=O). (The neighbouring  

 methylene groups ( - CH2-) are  

 not primarily essential, but  

 impact on the ester properties.) 

 

Organic phosphites only operate at processing temperatures, at which they remove the 

hydroperoxides which act as chain initiators, and are called secondary antioxidants. These 

phosphites have to be chemically designed to improve their resistance to hydrolysis, which 

would otherwise result in phosphoric acids that could degrade the polymer or other 

additives.  

Organic phosphites and sterically hindered phenols (ShPh) can operate synergistically. In 

order to maintain the effectiveness of the long-term antioxidants it is advisable to double 

the amount of organic phosphites (in comparison to ShPh) in the masterbatch. 

 

Thioesters are sulphur based processing stabilizers, which while acting as an antioxidant, 

produce strong acids and therefore require acid scavengers. Thioethers are similar but 

operate at lower temperatures. 

 

Hindered amine stabilizers (HAS) and hindered amine light stabilizers (HALS), main 

functional group shown in figure 3.1 (right), operate at service temperatures and are 

widely used to provide long-term durability. They do not operate at the high temperatures 

above 150 °C used in the normal OIT-Test nor in the molten state during material 

processing. A higher molecular weight will improve the resistance to extraction by solvents 

and evaporation. The properties of the amine group of HAS-stabilizers can be modified by 

substitution in the HAS molecule. The stabilizer has therefore to be selected to match the 

pH of the application, using the technical data sheet of the manufacturer.  

Bromine compounds can be used as flame retardants but may meet with opposition for 

environmental reasons: flame retardancy is not a priority for geotextiles.  
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HAS are generally not appropriate for polyesters, since the amine group would introduce 

aminolysis of the esters. Aminolysis is a chemical process related to inner hydrolysis.
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 Fig. 3.5 

 Schematic diagram of an  

 analysis by DSC of standard  

 OIT at oxygen pressure of 1 bar  

 or OIT at elevated oxygen  

 pressure; t1 time of arrival at  

 measurement temperature;  

 t2 time of gas change from  

 nitrogen to oxygen; tOIT  

 extrapolated time for the start  

 of oxidation; tOIT - t2 = OIT  

 (Courtesy of Dr. D. Robertson,  

 BAM 4.3). 

 

 

 

 

3.1.3.4 Acid scavengers 

Acid scavengers are additives such as metal soaps that are introduced into the polymer 

formulation to neutralize acids as mentioned above. Metal soaps are metal salts of weak 

organic acids such as stearic acid or lactic acid. An example is calcium stearate. They also 

include inorganic products such as hydrotalcite or zinc oxide. 

If additives contain sulphur (chemical symbol S) or phosphor (chemical symbol P) then 

acid scavengers should be included in the masterbatch to counteract any acid residues or 

products formed by their action. 

3.1.3.5 UV-Stabilizers 

The photons which make up ultraviolet light have sufficient energy to initiate photo-

oxidation. Active radicals are formed, leading to the same chain reactions that follow 

thermally initiated oxidation. Note that these reactions can continue even in the absence 

of light ("dark reactions").  

Ultraviolet stabilizers comprise absorbers and stabilizers. Ultraviolet absorbers, such as o-

hydroxybenzophenones or carbon black, absorb ultraviolet light in competition with the 

reactions with chromophores contained in the polymer. Chromophores include 

hydroperoxides, molecules carrying ketone groups and combinations of polymer molecules 

with oxygen. The energy absorbed is dissipated as heat, i.e. the energy is transformed into 

internal vibrations and rotations of the UV-absorbing stabilizer without any further 

radiation.  

The carbon black particles should not be so large as to initiate cracks in the polymer. On 

the other hand, they should be large enough to absorb the required wavelength while 

retaining a large surface area with the correct surface chemistry (Mwila et al. 1994). 

Typical particle sizes range from 25 to 75 nm. Their concentration is generally 2 to 3 % 

and their dispersion should be uniform. Carbon black is generally supplied as a 

masterbatch in a matrix resin and requires specialist preparation. For thin materials such 

as fibres the application of carbon black as a UV protection is clearly critical. 

The other UV absorbers are mostly chemical compounds which have a high extinction 

coefficient in the relevant UV range (300 – 400 nm). The absorption of UV light is 
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determined by the Lambert-Beer Law, from which the effective concentration of the 

stabilizer can be calculated for the thickness of the material. Their application to thin 

fibers is thus critical since a minimum layer thickness is required to ensure protection. In 

their excited state these compounds feature some phenolic properties in the same 

manner as phenolic antioxidants. Thus they may react with radicals and may be destroyed 

or consumed unless they are protected by further antioxidants (ShPh or HAS). Practical 

experience has shown that UV absorbers are used up after a certain UV exposure. 

UV quenchers provide UV protection by a different mechanism. This group of stabilizers 

works by deactivating the energy transferred from UV excited chromophores to the 

quencher to generate heat. The transfer works by a long range mechanism. 

Concentrations are generally about 1% relative to the polymer matrix (Zweifel 1998, pp 

63). Typical quenchers are specially masked Nickel compounds. The UV absorbance of 

these compounds is low in contrast to UV absorbers. Since the quenching action is 

independent of thickness of the polymer product, UV quenchers can be used in thin 

materials. The compounds also exhibit some antioxidant properties such as 

decomposition of hydroperoxides and scavenging radicals. Hindered amine light stabilizers 

(HALS, related to HAS) also operate by means of radical scavenging and quenching of 

excited polymer chromophores. They do not operate as UV absorbers. 

3.1.3.6 Metal Deactivators 

Transition metals, particularly those with multiple valencies such as copper, iron, 

vanadium, manganese and titanium, can facilitate the cleavage of hydroperoxides and 

thus accelerate the oxidation process by a catalytic reaction.  

Metal deactivators (Zweifel 1998, pp 107) are introduced to reduce the effect of these 

metal ions by converting them into masked, i.e. relatively inactive, chemical compounds. 

Where fillers are used, it is important that if these contain critical metal ions then they 

should be compatible with the polymer and its additives and not catalyze oxidation. 

Transition metal ions arising from catalyst residues or other processing contaminants may 

also be present in the polymer and require the addition of metal deactivators. 

3.1.3.7 Additives: summary 

 

In summary, any polyolefin geosynthetic is likely to contain an "additive masterbatch" or 

package of additives to improve its resistance to oxidation including photo-oxidation 

(weathering).  

Selection of these requires specialist knowledge in order to avoid unexpected 

interactions between the additives or unwanted side effects (incompatibility). A typical 

masterbatch recipe might contain as a minimum: 

- Processing antioxidants (organic phosphites, ShPh) 

- Acid scavengers (metal soaps) 

- Long term antioxidants such as ShPh and HAS 

- Ultraviolet stabilizers (Carbon black, UV absorbers, UV quenchers, HALS) 

- Metal deactivators 
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For the purposes of life assessment it is important to recognize that: 

- Without antioxidant additives polyolefins, particularly polypropylene based polymers, 

would have inadequate long-term durability. 

- Antioxidants retard the oxidation process in various ways. In doing so they are 

themselves consumed, after which uninhibited oxidation can start and would lead to 

a quick degradation of the mechanical properties. This retardation is observed as an 

induction or incubation period during which the gradual depletion of antioxidants 

can be monitored by chemical analysis or thermo-analysis such as OIT testing. For 

materials stabilized with HAS the rate of loss of mechanical strength is reduced, but 

there is no actual induction period. Thus a combination of both types of stabilizers is 

recommended. 

- Only certain antioxidants such as SHPh and HAS are designed to increase the long-

term durability (long-term antioxidants); others such as organic phosphites are 

designed solely to combat oxidation during processing (processing antioxidants). 

- Some antioxidants can be sensitive to ultraviolet light, such as those containing 

aromatic rings like SHPh. Others can be lost by evaporation, by leaching by water or 

other solvents at the surface, by migration into neighbouring materials or by 

exudation. Exudation means a segregation or blooming at the surface of plastics 

that is observed mainly at ambient temperatures if the solubility of the additive is 

exceeded. It may be caused by incompatibility with other additives or be due simply 

to the lower solubility when the polymer is cooled to ambient temperature.  

 

Ester bonds present in some antioxidants, e.g. in Irganox 1010, may be cleaved, if rather 

slowly, by hydrolysis at high humidity or by long term contact with highly alkaline 

aqueous media. Leaching, evaporation and exudation are particularly relevant in 

materials with a high surface-to-volume ratio such as fibres. It is the responsibility of the 

material designer to assure that , in addition to having good chemical durability and 

good compatibility with the resin, the stabilizers used are sufficiently resistant to 

leaching for the application in hand, having for example a sufficiently low solubility in 

water especially where there is a continuous flow of fresh liquid. 

Neither the user nor the manufacturer of a geosynthetic is likely to know the exact 

additive package in the material. This section is intended to show that specialists are 

available who have methods for determining the content, state and efficacy of the 

additives. 

3.1.4 Accelerated testing of polyolefins 

3.1.4.1 General remarks 

The lifetime of existing polyolefin geosynthetics under ambient conditions in soil is usually 

so long that up to now there has been little experience of long-term changes in properties. 

This knowledge will no doubt increase with time. In most applications the geotextile will be 

exposed permanently to the environment, even if this environment may change with time. 

This rules out any opportunity for speeding up the timescale. In addition, geosynthetics 

once installed are difficult to access or inspect, let alone do they allow for samples to be 

removed. 

Life prediction therefore requires accelerated testing. We have already seen that oxidation 

is a complex sequence of processes, each of which can proceed at a different rate, with 
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each rate depending on temperature in a different way. That was even without the 

additives. The additives retard oxidation and control the rate of degradation, but in doing 

so are consumed. This allows oxidation proper to commence, followed by a reduction in 

tensile properties which for many applications is the critical end-of-life parameter. 

In theory it would be possible to construct a model of the oxidation and retardation 

procedure and to establish its dependence on temperature and oxygen concentration, and 

then to perform detailed measurements to determine the many governing parameters for 

each material and environment. In reality this requires accurate knowledge of the polymer 

and its additives, together with numerous precise and regular measurements and their 

evaluation. This can only take place in a research laboratory, and the assessments would 

be very complex and even so be valid only for the assumed model of degradation model. 

This is not a realistic way to tackle the issue.  

The first and simplest method for predicting lifetime was to treat the entire oven oxidation 

and ageing history as one simple thermally activated process.  

Samples of the polypropylene textiles used in the Ooster Schelde barrier in the 

Netherlands were regularly extracted and subsequently subjected to oven ageing tests, 

allowing their performance to be compared with that of virgin material and the accelerated 

ageing to be scaled against real life performance (Wisse et al. 1982, 1990). The 

degradation of polypropylene fibres in a circulating or gravity driven air oven (i.e. an oven 

without forced circulation) can be remarkably sudden – fibre one day, black powder the 

next – which means at least that the end point can be determined with sufficient 

precision.  

As a result of this extensive work a number of problems were noted:  

- The range of test temperatures is limited. The upper test temperature must remain 

well below the melting temperature of the polymer (80ºC is a guide given e.g. by 

Achimsky (1997), Gugumus(1999)), while the lower test temperature has to be high 

enough to obtain results within a reasonable duration. Further information on the 

selection of valid testing temperatures is provided by thermoanalytical methods such 

as DSC (see section 3.1.3.1). 

- The lowest test temperature is more than the recommended maximum of 25 ºC (see 

section 2.3.9.7) above the service temperature (e.g. 45 ºC for 20 ºC service 

temperature). With this level of extrapolation the predicted life should be subject to a 

safety factor. 

- The mechanism of oxidation, and the efficacy of the antioxidants, can differ at higher 

temperatures. Wisse et al. (1982, 1990) noted that at typical test temperatures 

above 80 ºC the activation energy for PP oxidation lies between 65 and 110 kJ/mol, 

but that for service temperatures below 50 ºC the activation energy could be 50-55 

kJ/mol or even lower (see also Ding et al. 2001). This has the serious consequence 

that lifetimes extrapolated from high temperature tests can be too long, i.e. optimistic. 

- Surface cracking can increase the access of oxygen which could invalidate any 

prediction based on uncracked material; conversely at elevated temperatures these 

cracks may even heal. Surface cracking has been observed for PP oxidation under wet 

conditions (Salman et al. 1998 (wet and dry conditions), Schroeder et al. 1997, 

Richaud et al. 2007). It is probably caused by rapid leaching of antioxidants at the 

specimen surface. Yet it is difficult to visualize that PP material would be converted 

into a powder within 24 h (Wisse et al. 1990) without first developing cracks both at 

the surface and then across the entire thickness. The possible distribution of these 

cracks and their consequences are still under discussion. Surfactants are common 
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and, when they are present, environmental surface cracking may accelerate this 

further. 

- Tests in air may be untypical since the concentration of oxygen in water is about one-

seventh of that in air at ambient conditions (D'Ans Lax 1967). Within the soil the 

oxygen concentration is likely to be lower, depending on the rate of oxygen transport 

and of oxygen consumption, and at most equal to that of normal air (Richter J. 1986). 

In the absence of further information, the oxygen content of normal air (partial 

pressure 0.21 bar) is used as a conservative basis for assessments of durability. 

- The temperature dependence of the solubility of oxygen in polymers is not considered 

in oven testing, leading to doubts concerning its validity. Generally this process is 

exothermic and thus solubility decreases with increasing temperature. Thus though 

the oven ageing index test according to EN ISO 13438, methods A and B, is still valid, 

extrapolations of temperatures using Arrhenius' formula may not be conservative due 

to changes oxygen content. It is also possible that at such high temperatures the 

polymer may be subject to irreversible structural changes due to the temperature 

alone. Additional tests including DSC could be used to answer these questions. 

- The water present in soil can, apart from dissolving in and swelling the geosynthetic, 

lead to leaching of some additives (e.g. antioxidants) and possibly to hydrolysis of 

additives of the polymer. This leaching can have a major effect on changes in additive 

concentrations and is influenced strongly by the surface-to-volume ratio, the speed, 

direction, composition and flow of soil water and the rate of oxidation under these 

conditions. It is also significant in the temporarily anaerobic regions of landfills. 

- Transition metals such as iron accelerate the oxidation of polyolefins (see 3.1.2, 

3.1.3.6). Their effect has not yet been considered in the screening tests. This remains 

a task for future research, since iron, its oxides and hydroxides are ubiquitous in soil. 

 

ISO 13438 Methods A and B use a simple oven ageing test as a screening test for the 

resistance to oxidation of polyethylene and polypropylene based geosynthetics, with the 

test durations doubled for reinforcing applications. EN 14575 defines a similar test for 

geosynthetic barriers running at markedly lower temperatures. These tests are based on 

existing results and practical experience on some materials over at least 20 years. It must 

be emphasized that they are just screening tests to ensure a minimum lifetime of 25 years 

under set environmental conditions and with the purpose of eliminating poor quality 

material. They are not life assessment tests: It is quite possible that a material which 

passes the index test could survive for 100 years or more under favourable conditions. 

The test does not cover the leaching of stabilizers, for which there is a separate standard 

for geomembranes (EN 14415). The test does not consider the effect of oxygen diffusion 

which may limit the rate of oxidation in a geosynthetic and can restrict the oxidation 

reaction to a purely surface reaction. Note the particular danger that this effect can cause 

poor quality materials to pass the screening test without any problems if they possess a 

sufficiently thick cross-section.  

It is therefore not possible to make an accurate life prediction based on a single screening 

test. For example, when two thick PP split film yarns were tested at high temperatures to 

EN 13438 Methods A1 and A2, one stabilized and the other unstabilized, they both 

passed the screening test, since the rate of oxidation of the unstabilized yarn was limited 

by oxygen diffusion and not by the level of stabilization (Schroeder 2001). While this is 

certainly not representative of their long-term behaviour, EN ISO 13438, Method B, could 

not serve its purpose of preventing their passing for 25 years' usage. 
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Arrhenius tests based on simple oven ageing tests have been used, so far rather 

successfully. These oven test models do not take into account the complexity of natural 

ageing, the sequential nature of oxidation in stabilized polyolefins nor the loss of 

stabilizers by other mechanisms. Thus great care is necessary to avoid misleading results. 

The current situation regarding tests for long-term resistance of geosynthetics to oxidation 

is still controversial. Details of the methods for testing and extrapolation are not defined 

with sufficient precision. The requirements will differ according to application, since the 

relevant chemical and physical ageing mechanisms and their interactions are not known 

precisely. Progress is being made in life assessment but this is still a subject for 

discussion. Some of the procedures used are described in the following sections. 

3.1.4.2 Oven testing 

Simple oven testing is performed according to EN ISO 13438:2004, methods A and B in 

ovens without forced air circulation, as already mentioned. Because of its relative 

convenience it is a widely used method, but its limitations should not be ignored. The 

limits of the method are emphasized in the introduction and annex A of the standard and 

in section 3.1.4 of this document. The details of the ovens to be used are described in ISO 

188: 2007.  

For screening lifetimes of at least 25 years, test conditions are defined as follows: 

Specimens of PP are exposed to heated air at 110 °C for 14 days, or 28 days for 

reinforcement applications. For PE based materials the temperature is 100 °C and the 

durations are 28 days and 56 days respectively. After these exposures the retained 

strength should be at least 50% of its initial value.  

The high testing temperatures may lead to problems by inducing structural changes and 

may even cause melting of some flexible PE-blends with low melting temperatures (see 

figures 3.1.3a and c). For products with thick cross-sections such as extruded geogrids or 

coarse tape yarns oxidation at high temperatures may be oxygen diffusion limited, 

especially if poor quality material tested, which is not representative of oxidation at lower 

temperatures. This will even happen during oven testing after the antioxidants have been 

consumed. This could lead to predictions of too long lifetimes.  

The oven ageing method may be performed at lower temperatures in line with EN ISO 

13438:2004, methods A and B, to generate an Arrhenius plot, provided that one can 

accept test durations of four years or longer. The very dry conditions in the oven exposure 

and the absence of leaching conditions may not be representative of the environment in 

the application envisaged. During oven ageing the loss of additives, which is often the 

main reason for the premature failure of materials, is only possible by evaporation. 

Leaching of the additives in water could be modelled by additionally immersing the 

specimen in water before oven ageing, as was performed in the work of Wisse et al 1982. 

This pre-leaching would reduce oven testing durations.  

The general rules of Arrhenius testing (section 2.3.9.7) should be followed. The highest 

testing temperature should not exceed about 85 °C for polyolefins (Achimsky 1997, 

Gugumus 1999), as used in the index test for the resistance of geosynthetic barriers to 

oxidation, EN 14575.  

This results in very long testing durations. To help with evaluation of the results additional 

tests should be performed to detect small changes in the content of antioxidants which 

precede the fall in strength. This is described in more detail in the three phase model 

below (section 3.1.4.3). 
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A problem will occur if at these elevated temperatures the Arrhenius plot still turns out to 

be nonlinear. Lower temperatures have then to be used. The problem could be related to 

the solubility of oxygen as described in 3.1.4 and be corrected if the dependence on 

temperature is known. 

For geosynthetic barriers a different oven ageing method, EN 14575:2005, is applied in 

Europe for screening for a durability of 25 years and for comparing barrier products. The 

oven has gravity air circulation. The test can be performed on PE, PP and bitumen based 

materials, provided that they are resistant to the testing temperature which is fixed at 85 

°C. The exposure duration is 90 days. A DSC plot will provide valuable information on the 

temperature performance for critical materials, see figure 3.3c. If the material is not 

resistant at the testing temperature of 85 °C, screening could be performed by choosing 

an appropriate lower temperature and prolonging the test duration according to Van't 

Hoffs rule (see section 2.3.9.6). This would be analogous to the procedure chosen for PP 

and PE in EN ISO 13438, method A and B. 

3.1.4.3 Three stage Arrhenius testing 

Meanwhile in the USA (Hsuan and Koerner 1998, 2005) it was recognized that many 

antioxidants result in a three stage oxidation process (figure 3.6), which was defined as 

follows: 

 

A Depletion of antioxidants (Stage A).  

In this initial incubation phase antioxidants are depleted by several simultaneous 

processes including consumption by oxidation and physical losses such as extraction, 

evaporation and exudation, the total effect of which can be monitored by OIT. For waste 

disposals the loss of stabilizer due to oxidation is generally low compared with the loss by 

physical processes.  

 

 

 Fig. 3.6 

 Three stage model of Hsuan  

 & Koerner 1998 for oxidation  

 of HDPE geomembranes 

 (courtesy of Prof. Dr. G. Hsuan  

 and Prof. R. M. Koerner). 

 

 

 

 

 

 

 

 

The mechanical properties are unchanged since the changes in molecular mass are 

limited and do not reach the critical mass limit for this to occur. The end of this phase is 

defined as the point at which the OIT reaches zero or a predefined minimum level such as 

e.g. 0.5 minutes, indicating zero antioxidants (Bartholomeo 2004, Rowe and Rimal 2009). 
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B Induction time (stage B). 

These low OIT values form the start of stage B. There remains no change in the 

mechanical properties, in spite of the lack of protection by antioxidants. However, a further 

induction phase is created by the intrinsic oxidation stability of the material and the initial 

lag phase resulting from the kinetics of the oxidative chain reaction mechanism. The 

changes in molecular mass are limited and have not yet reached the level necessary for a 

reduction in strength, thanks to the ability of the material to deactivate reactive radicals 

such as by crosslinking in PE. This second stage may be quite long where the conditions 

are favourable. The end of this stage is defined by the point at which the mechanical 

strength starts to decrease, showing that the critical molecular mass has been reached. 

Seen chemically, the concentration of reactive intermediates has reached the level at 

which rapid chain propagation and branching can proceed.  

 

C  Polymer Degradation (Stage C).  

The mechanical strength decreases and there is a significant reduction in molecular mass. 

The material is no longer capable of deactivating reactive radicals. Uninhibited oxidation 

and rapid oxygen consumption take place, tie molecules are destroyed and the 

mechanical properties change accordingly. Stage C ends when the strength reaches a pre-

defined end point, such as 50% of its initial value. 

In this procedure samples were exposed in devices specially designed to simulate a 

landfill at four temperatures ranging from 55 to 85 °C (Hsuan and Koerner 1998, 2005) 

and regular specimens 

 

 

 Fig. 3.7 

 ln OIT for exposure durations  

 at specified temperatures  

 under conditions given in  

 Hsuan and Koerner 1998 for  

 lifetime evaluation of HDPE  

 geomembranes. The slopes of  

 the straight lines give the OIT  

 depletion rate needed for  

 figure 3.8 (with courtesy of  

 Prof. Y.G. Hsuan and  

 Prof. R.M. Koerner). 

 

 

 

 

 

Extractions were made. Samples were tested both for mechanical properties and OIT. The 

duration of each stage is extrapolated by Arrhenius plots to the assumed service 

temperature of 20 °C, the end-of-life criterion for the third stage being a 50% reduction in 

strength. An Arrhenius relation is set up for each of the three stages independently and 

used to predict the duration of each stage at the service temperature. These three 

durations are finally added to give the predicted life.  

As an example the diagram of Hsuan and Koerner for the evaluation of the duration of 

stage A is given in figure 3.7 and the Arrhenius diagram is shown in figure 3.8. 
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 Fig. 3.8 

 Arrhenius Diagram ln OIT of the  

 antioxidant depletion rate S  

 over inverse absolute  

 Temperature (with courtesy of  

 Prof.Y. G. Hsuan and  

 Prof. R.M. Koerner). 

 

 

 

 

 

 

 

 

During ageing the additives may be consumed by chemical reaction with oxygen, or lost by 

physical processes including evaporation, leaching, exudation, or migration at the surface 

as explained. The change in antioxidant content of the material may be monitored by 

oxygen induction time measurements according to ASTM D 3895-98 or ISO 11357-

6:2002(E). These are performed on small samples (about 5 mg) at high temperatures (e.g. 

200 ºC). Thus the material is molten and the effectiveness of the antioxidants will differ 

from that at the service temperature. A typical OIT measurement curve has been shown in 

figure 3.5. High pressure OIT (HPOIT) according to ASTM D 5885:2006 operates at a lower 

temperature (e.g. 150 ºC) to approximate more closely to service conditions and applies 

oxygen at high pressure to compensate for the reduction in acceleration. It requires 

special testing equipment and longer testing durations.  

The depletion rate at the service temperature can be derived by extrapolating figure 3.8, 

from which the duration of Stage A can be predicted. The diagram shows the plot for 

Standard OIT (upper line) and HPOIT results. 

The three stage model is attractive since it takes into account the observed sequence of 

different types of processes, even though these remain a mixture of individual processes. 

It applies particularly to HDPE and has been used widely to predict the life of 

geomembranes. Hsuan and Koerner (1998, 2005) provide examples of this three stage 

analysis. The total life prediction is 712 years at 20 ºC reducing to 109 years at 40 ºC, with 

Stage 3 providing over half the predicted lifetimes for the material tested. This separation 

into stages can in principle be used with other lifetime assessment methods. The second 

phase will be less pronounced for PP based materials, since their intrinsic stability is 

generally low. The third phase may be short for ShPh stabilized materials for which there is 

a rapid fall-off in strength. The method is less appropriate in the case of HAS stabilization 

but might be modified for this situation, thus testing is nevertheless recommended.  

 

Both OIT methods have the limitation that they are performed at very high temperatures 

and they do not differentiate between processing antioxidants such as organic phosphites 

and long-term antioxidants such as ShPh. OIT tests do not therefore provide the 

information we need on long-term stability directly, but they are an important tool for 

monitoring the state of antioxidants during oxidation of geosynthetics.  



CUR Building & Infrastructure Report 243 

 

 129 

Stabilizer content can be measured by means of direct chemical analysis or by ICOT, which 

uses the initiated oxidation of cumene for the integral determination of the long-term 

activity of antioxidants (Schroeder and Zeynalov 2002, Barth 2005). ICOT is not able to 

determine the content of specific antioxidants, but only the overall content of each long-

term SHPh and HAS type antioxidant. It thus provides an attractive and less expensive 

alternative to chemical analysis. It may be appropriate to apply several methods in order 

to minimize the operating expense. 

3.1.4.4 Autoclave testing 

Oven ageing of polyolefins either takes place at temperatures that are rather high, or it 

takes too long. At these high temperatures the mechanism of oxidation may not be the 

same as at ambient temperatures. The rate of oxidation is likely to be dominated by 

oxygen diffusion so that the dimensions of the specimens may be more significant than 

the stabilization, as shown by the example that EN ISO 13438 method B could not 

differentiate between a thick stabilized split film PP yarn and one which was unstabilized 

(see 3.1.4.1). An alternative method was sought. In addition to using lower temperatures 

and taking less time than, say, two years for assessments of service lifetime, the 

objectives were to have a single test for screening oxidative durability for as many different 

materials as possible and to include a liquid environment to allow for leaching, which is 

often the main cause of loss of additives.  

 

 

 Fig. 3.9 

 Left: Schematic diagram of  

 pressure vessel. 

 Right: Autoclave testing  

 facility with data monitoring  

 equipment in the background 

 (courtesy of Dr. M. Boehning,  

 BAM 6.6). 

 

 

 

 

 

 

 

 

 

Pressurized air and oxygen have been used for many years to accelerate the ageing of 

elastomers and other polymers. For applications where oxidation is so fast that it is limited 

by oxygen diffusion these methods are in fact not the right choice. However, under in-soil 

conditions the lower temperatures lead to very low rates of oxidation, so that oxygen can 

reach an equilibrium concentration over the whole product width by diffusion. Thus the 

rate of oxidation should not be limited by the rate of diffusion and can be accelerated by 

increasing the oxygen concentration. Here, autoclave testing becomes the method of 

choice. For safety and handling reasons the testing volumes were kept relatively small. In 

the method developed by the Federal Institute for Materials Research and Testing (BAM) 

in Berlin (Schroeder 2000) the pressure vessel is large enough to contain geosynthetic 
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samples immersed in a standard lightly alkaline solution, which is intended to favour 

leaching of phenolic antioxidants. If appropriate, other solutions can be used to represent 

different environmental conditions. Because of its size, volume about 8 liters, and the 51 

bar pressure the walls have to be made sufficiently thick, and a pulley mechanism is 

needed for the lab assistant to lift the lid and also if necessary the vessel (see figure 3.9). 

The equipment has proved sufficiently handy and very reliable for more than ten years. An 

interlaboratory trial between three well-known institutes, KIWA-TBU, SKZ and BAM is in 

progress and has so far delivered good results that will be published in the near future. 

 

Particular advantages of this method compared with simple oven ageing are: 

- The combination of enhanced oxygen pressure, elevated temperature and leaching of 

antioxidants by an appropriate aqueous medium provide a highly accelerated test, 

leading to shorter testing durations.  

- Liquid immersion and stirring assure a constant temperature throughout the whole 

vessel. 

- A liquid medium provides a closer approximation to the soil environment, and allows 

for leaching of stabilizers and reaction products. The composition of the liquid 

medium may be adapted to special environmental conditions or to special additive 

(e.g. antioxidant) types. The intensity of leaching should be controlled by selecting an 

appropriate liquid medium and the intervals for its renewal. 

- Elevated oxygen pressure reduces the likelihood of oxygen diffusion being the 

controlling factor for oxidation at elevated testing temperatures. 

- Liquid immersion reduces strongly the risk of ignition or explosion of fine fibres or of 

certain surface preparations in dry oxygen. (This risk in dry oxygen may be checked in 

advance by using smaller specially designed autoclaves.) 

- It is easily possible to perform the test under nitrogen in order to eliminate or identify 

slow thermal or physical effects in the specimens that are not related to oxidation, 

such as swelling, shrinkage and recrystallisation. 

- The vessel and equipment are easy to clean. The test results are independent of the 

quality of the air.  

 

Disadvantages are that the liquid environment cannot simulate pure evaporation of 

stabilizers from the polymer surface. If for a particular application oxygen diffusion is more 

likely to be the limiting factor, leading to surface oxidation, then an oven test is more 

appropriate. Furthermore there are difficulties with testing foamed materials, materials 

that are sensitive to elevated pressure or decompression or those sensitive to aqueous 

solutions. Thus each test has its place. 

For evaluation of the test results the Arrhenius equation has to be modified by an oxygen 

pressure term, representing the impact of oxygen concentration on the oxidation reaction. 

The modified Arrhenius function currently used is not optimal, yielding results which are 

thought to be conservative. Work is in progress to resolve this. 

Müller et al.2003, Richaud et al. 2008 point out that under autoclave test conditions there 

may be a significant direct reaction between phenolic antioxidants and oxygen. This is 

relevant to all oxidation tests. If it is shown to be significant an appropriate correction 

factor may have to be introduced.  

Vink and Fontijn (2000) pointed out that the dependence of the rate of oxidation on 

pressure may be nonlinear or reach an upper limit. 
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ISO 13438 Method C uses the oxygen pressure test as a screening test with set 

parameters of 51 bar (i.e. 50 bar above atmospheric pressure) and 80 ºC, and a test 

duration of 14 days for non-reinforcing materials. The pass criterion is 50% retained 

strength. As described above, these are minimum values to assure a lifetime of 25 years 

under set conditions and are not life predictions. For reinforcing applications the test 

duration is 28 days. Geomembranes such as liners for tunnels (Boehning 2011, Boehning 

2008, EAG-EDT 2005, ZTV-ING 2007), though not yet explicitly covered by the standard, 

can be tested by the same method and using the same parameters. 

 

To use the method for life prediction it is necessary to perform the test over a range of 

pressures and temperatures (figure 3.10 and figure 3.11). For execution of an Arrhenius 

test evaluation a pressure term has to be added. The dependence on pressure and 

temperature is then shown as a three-dimensional diagram which is extrapolated to 

service temperatures (figure 3.12) (Schroeder 2008).  

 

 Fig. 3.10  

 Residual tensile strength of a 

 PE geomembrane (tunnel liner)  

 after exposure to different  

 oxygen pressures 

 (courtesy of Dr. M. Boehning  

 and Dr. D. Robertson,  

 BAM 6.6 and BAM 4.3). 

 

 

 

 

 

 

 

 Fig. 3.11 

 Residual tensile strength of a  

 PE geomembrane (tunnel liner)  

 after exposure at different  

 temperatures 

 (courtesy of Dr. M. Boehning  

 and Dr. D. Robertson,  

 BAM 6.6 and BAM 4.3). 

 

 

 

 

 

Mathematically, we amend the Arrhenius equation, (see section 2.3.9.6). The equation 

already includes the pre-exponential factor A0, the apparent activation energy E, the time 

to a set end point criterion Y and exposure temperature T in the form,  

1/ Y = A0 exp (E/R T)  (Arrhenius equation). 

 

We add an extra term to take account of oxygen pressure P: 

1/ Y = A0 exp [(E+ CP)/R T] 
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where C is a constant coefficient. We then plot ln (1/Y) against P and 1/T (T in K) to give a 

three-dimensional diagram as shown in figure 3.12. This can be used to predict the value 

of Y at the service temperature (e.g. 25 ºC = 298 K) and pressure (e.g oxygen partial 

pressure in air 0.21 bar). The value of Y extrapolated to the service conditions for the 

geosynthetic is denoted as the lifetime parameter Θ. This is illustrated in the plots in figure 

3.12 and figure 3.13, the first with 1/Y plotted logarithmically and the second plotted 

linearly. 

 

Note that this evaluation has been performed with TableCurve 3D (Systat software, Inc., 

Richmond, USA) as a regression analysis of the following equation:  

 

z = A + Bx +Cxy  

 

In which the variables are set as x = 1/T, y = P and z = ln ( 1/Y). 

 

For these evaluations values of Y were derived from figure 3.10 and figure 3.11 which 

represent the original measurements of the autoclave test for this life assessment. Curves 

were fitted using a standard function. The values Y are taken from the intersections of the 

fitted curves with the dotted line representing the end point criterion of 50% retained 

strength. 

 

 

 .Fig. 3.12 

 Three-dimensional diagram  

 showing the extrapolation to  

 ambient oxygen pressure of  

 test results at elevated  

 temperature and pressure for  

 two service temperatures  

 (1/Y in logarithmic  

 coordinates).  

 The point θ313 shows the  

 lifetime parameter for 40 ºC  

 (313 K) to be 16 ± 5 years;  

 θ298 shows the lifetime  

 parameter for 25 ºC (298 K) to  

 be 106 ± 44 years 

 (courtesy of Dr. Martin  

 Böhning, (BAM 6.6)). 

 

 

 

 

 

 

The effect of measurement variability on the extrapolated life time parameter Θ can be 

assessed by introducing the extreme measured values of strength (strength ± standard 

deviation) into the respective plots of figure 3.10 and figure 3.11, fitting new curves to 

generate modified values of Y, and finally performing the regression procedure with these 
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modified values of Y to obtain modified values of Θ. The standard deviation of these 

modified values of Θ is calculated and shown in the 3D plots figure 3.12 and figure 3.13. 

The precision of the test could be improved by taking more measurements. The 

dependence on pressure depends only on the measurements at 80 °C. This is clearly not 

enough. Further measurements should be made at 70 °C, 21 and 11 bars, noting that 

measurements at the lower pressures at 60 °C would lead to excessively long test 

durations.  

 

 

 .Fig. 3.13 

 Results of autoclave tests in 

  general accordance with  

 ISO 13438 method C for  

 assessing the lifetime para- 

 meter for a tunnel liner, and  

 extrapolated to two service  

 conditions as in figure 3.12.  

 (1/Y in linear coordinates)  

 (courtesy of Dr. M. Boehning  

 BAM 6.6). 

 

 

 

 

 

Further research is being done to resolve some open questions concerning the execution 

and evaluation of the test. Recently (Bartholomeo 2004) it was established that the 

extraction of phenolic stabilizers by the liquid medium during the autoclave test is 

independent of the pressure on the system. This validates the use of tests performed at 

the same temperature but different at oxygen pressures. The rate of extraction of 

antioxidants can be compared with that at normal ambient pressure.  

The lifetime parameter Θ still suffers from the uncertainty of extrapolating over a 

temperature range of more than 25 K (see section 2.3.9.7), all the more so for a complex 

oxidation process when compared with the relatively straightforward inner hydrolysis of 

PET described in section 3.2. There is also the question of the validity at service 

temperatures of an activation energy derived from tests at elevated temperatures (Ding 

2001; see also section 3.1.4.1).  

 

The Hsuan-Koerner three stage approach (section 3.1.4.3) could be applied to the 

autoclave test by measuring OIT or ICOT antioxidant equivalents of the extracted 

specimens during the incubation phase to separate phase 1, antioxidant depletion, from 

phase 2, induction time.  

If HAS stabilizers are present a clear separation would be difficult, since this stabilizer only 

reduces but does not completely arrest degradation of the mechanical properties. 

Furthermore, OIT will only approach but not equal zero (see Rowe 2009). 

Identification of the start of the third phase needs additional extractions of specimens in 

order to interpolate the beginning of the degradation of tensile properties. The Arrhenius 

function modified for oxygen pressure could be applied to each of the phases. The lifetime 

would then be the sum of the lifetimes of the three phases, and its variances would be 
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calculated from the three standard deviations of the results of the phases. Clearly the 

effort required for this method is considerably greater and thus results must show if it is 

cost-effective. 

At the time of writing the authors are not aware of this procedure having been performed. 

Finance would be necessary for such a project.  

A similar oxygen pressure test, see figure 3.14, has been developed in the USA, working 

under pure oxygen in much smaller autoclaves of about 0,5 l volume (Li and Hsuan 2004) 

without a liquid phase. Substantial acceleration of the oxidation has been observed here 

too. Specifically aimed at geomembranes, the test does not require immersion of the 

geosynthetic in an aqueous liquid, and thus does not take into account the loss of 

stabilizers by leaching. Leaching therefore has to be assessed by additional tests. 

 

 

 .Fig. 3.14 

 Pressure cell with tape yarn  

 samples for incubation at GRI 

 (courtesy of Prof. Y.G. Hsuan). 

 

 

 

 

 

 

 

 

 

 

 

 

A further application of elevated oxygen pressure is its use in HPOIT measurements, which 

is standardized as ASTM D 5885. By this means the test can be performed at lower 

temperatures and the antioxidant activity of HAS stabilizers can be detected. 

 

The oxygen pressure methods are promising. They allow for careful control of conditions, 

the temperatures are not extreme, they have shorter test durations and the first (BAM) 

method includes directly the leaching effect of liquids. The equipment is however more 

expensive than for an oven, not so much the autoclave itself as the instrumentation 

required to control and measure pressure and temperature. At the time of writing most 

testing is performed in Germany and the USA alone, with some interesting research 

running in France (Bartholomeo 2004, Richaud 2007). 

What is absent so far is a clear validation of all the oxidation test methods by comparison 

with real long-term durability. An assessment of their reproducibility by means of 

interlaboratory trials would internationally contribute to their acceptance. As mentioned 

above, an intercomparison test is currently running between the three German testing 

institutes that can perform the autoclave test.  

 

Further comments have been made at the start of this section. 
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Thus both methods will continue to be used, each in its right place. For the purpose of 

index tests ISO 13438 currently regards them as alternatives.The challenge is to define 

the limits of application of each method with respect to both the type of material and the 

environment. Work on this is in progress. 

3.1.5 Degradation of polyolefinic geosynthetic barriers – General remarks 

In this section some general remarks will be made on geosynthetic barrier materials 

which, although they do not belong to the scope of this book, illustrate the problems with 

predicting oxidation. For further reading Schweitzer (2007) is recommended. 

Other important geosynthetic materials are polyvinyl alcohol (PVA), polyvinyl chloride (PVC) 

and polystyrene (= polyvinyl benzene) (PS), all of which possess rather similar basic 

chemical structures, see figure 3.15. All have a saturated hydrocarbon backbone like PE 

or PP but with different substituents. Thus PP has methyl (-CH3)-sidegroups, PVA has 

hydroxyl (-OH) sidegroups, polystyrene has benzyl-sidegroups and polyvinyl chloride has 

chloride sidegroups.  

Geosynthetic barrier materials, PVA, PS and PVC will be described briefly in the following 

sections. The hydrolysis of PET is described in section 3.2. 

 

ISO/TS 13434, section 5.2.3, states that flexible polypropylene copolymer (fPP) 

geosynthetic barriers are subject to oxidation. The material has the advantage that it can 

be welded easily. It can be affected by several solvents such as halogenated aliphatic 

hydrocarbons, aromatics as well as by aliphatic hydrocarbons, organic acids, volatile 

organics, oils and waxes. These are only likely to occur in landfills, liquid waste containers 

and contaminated soil.  

Chlorosulfonated polyethylene CSPE and the terpolymer ethylene-propylene-diene-

elastomer (EPDM) geosynthetic barriers, are elastomeric, i.e. the resin is cross-linked. 

They are also prone to oxidation, CSPE less than EPDM and much less than fPP, since 

EPDM has a certain intrinsic stability due to its ability to forming crosslinks. The 

composition of EPDM and thus its properties can vary widely. Elastomers can be affected 

by industrial waste liquids containing high concentration of aromatic and chlorinated 

organic hydrocarbons. Welding of elastomers is more difficult but they can also be jointed 

using vertical attachments.  

Modified bituminous barriers (T. McNally 2011) are also stabilized with antioxidants. They 

should not be exposed to non polar, aromatic, aliphatic or halogenated hydrocarbon 

solvents for long periods of time, nor to acidic solutions with pH < 2 and alkaline solutions 

with pH > 9. While screening tests exist for these conditions (EN 14414, EN 14415) for 

PET and polyamide geotextiles life prediction would require a full range of accelerated 

immersion tests appropriate to the material, the environment and the expected mode of 

degradation. 

3.1.5.1 Degradation of PVA 

The basic chemical structure of PVA is shown in figure 3.15, left. 

 

 

 Fig. 3.15 

 Chemical basis structure of  

 PVA (left), PS (centre)  

 and PVC(right). 
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The polymer is obtained by hydrolysis of its acetate ester poly(vinyl acetate). For high 

performance PVA fibers a degree of hydrolysis greater than 98% and a sufficiently high 

molecular mass are essential (Nait-Ali et al.2009). Further tacticity would increase the 

performance (Sakurada et al 2007). For the stability of PVA fibers in aqueous 

environments the highly crystalline morphology is of the utmost importance. Amorphous 

PVA is water soluble and is easily degraded by microorganisms. The development of high 

tenacity fibers with a very low solubility in water at temperatures as high as 80 °C has 

depended on the ability to produce highly oriented, highly crystalline material.  

 

Since PVA fibers and yarns have up to now been used principally as a reinforcement for 

concrete, studies have been concerned mainly with their degradation in alkaline 

environments. The mechanism of degradation (Nishiyama et al. 2006) is oxidation, which 

forms carbonyl groups next to double bonds (-CO-C=CH-) in the main chain. These cause 

discoloration, which can be measured by UV-absorption at 235 nm.  

The exposure temperatures were 20, 30, 40, 50, 60 and 70 ºC and the tests at 20 °C 

lasted for up to 30000 h (3.5 years). The authors demonstrate that for testing durations 

up to 1.2 years at temperatures ≥ 50 °C the discoloration correlates with the retained 

tensile strength, and is thus closely associated with the scission of tie chains in the 

amorphous regions. They do not propose a mechanism to explain this. At lower 

temperatures the changes in tensile strength were too small to be measured, but by using 

this empirical correlation observed at higher temperatures they were able to measure very 

precisely the rather small changes of absorption and to correlate these absorption 

changes with retained tensile strength. Their assessment done on the basis of an 

Arrhenius plot for the temperatures 20, 30 and 40 °C results in the prediction of a 

residual tensile strength of 99.8% after immersion in cement extract with pH 12,6 at 20 ºC 

for 100 years. 

What is important for life prediction is that there is a step change in between 40 and 50 ºC 

so that tests performed at higher temperatures cannot be used to predict lifetimes at 

service temperatures of 40 ºC and below, and that the changes at the lower temperatures 

are so slight that very precise detection methods (here UV absorption) have to be used to 

assist with the prediction. The reason for the step change at the molecular scale is not 

explained, but could be the glass transition temperature which was not explicitly stated by 

the author. 

Akers et al. (1989) and Hirai et al (1993) are earlier papers which are in agreement with 

the results of Nishiyama et al. but only at higher temperatures (above 50 °C).  

The situation under very acid conditions (pH ≤ 3) is somewhat different. While under 

alkaline conditions the morphology is stable, at low pH the protons are able to permeate 

slowly, to loosen the hydrogen bond structure and thus to make it more vulnerable to 

oxidation. The resistance to oxidation under acid conditions (pH = 3) could be screened in 

line with EN ISO 13438 , method C2, for 56 d at 70 °C and 51 bar oxygen. After exposure 

the retained tensile strength and strain both exceeded 50% of their initial values. It was 

concluded that there was sufficient resistance to acids for at least 25 years. Longer term 

resistance could be demonstrated in the same way as reported for alkaline resistance, 

since a similar discoloration was observed by the author of this section.  
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3.1.5.2 Degradation of polystyrene (PS) 

The basic chemical basic structure of PS is shown in figure 3.15 (centre). While oxidation 

of polystyrene (PS) is similar in nature to that of polypropylene, the resistance to oxidation 

is markedly greater thanks to the benzene ring which attracts electrons away from the 

tertiary hydrogen positioned on the same carbon atom as the substituent benzene. But, as 

in polypropylene, oxidation eventually leads to hydroperoxide residues which increase the 

sensitivity to further oxidation. Thus the material has to be appropriately stabilized with 

antioxidants.  

Polystyrene requires UV stabilizers to protect it from UV light, since again the hydro-

peroxide residues and other ubiquitous chromophores increase its sensitivity. 

Long term stability can be assessed as for other polyolefins. The autoclave test cannot be 

easily used for a foamed material, since the oxygen would permeate the material during 

exposure and destroy it on extraction by sudden expansion (decompression). This could be 

avoided by lowering the pressure very slowly to atmospheric pressure at room 

temperature, but this take too long. Thus the oven test has to be applied, selecting 

temperatures appropriate to the application of the Arrhenius method (section 2.3.9.7) and 

possibly with a pre-leaching exposure beforehand. The duration of leaching should be 

adapted to the intended application. The Van't Hoff rule can be applied if no specific 

information on the activation energy of leaching is available. Leaching and oxidation can 

be handled using the Hsuan-Koerner three stage approach described in section 3.1.4.3. 

3.1.5.3 Degradation of plasticized polyvinylchloride (PVC-P) 

The basic chemical structure of PVC is shown in figure 3.15 (right). In dealing with 

degradation it must be realized that PVC-P generally contains about 35 % of plasticizers. 

These plasticizers may be a mixture of compounds, all differing in their chemistry and 

molecular mass which strongly influences leaching resistance. The plasticisers may also 

be prone to oxidation, hydrolysis and aggression of microorganisms. To achieve a 

plasticizing effect in PVC only the amount exceeding 15% is effective. Thus a 20% loss of 

plasticizer, or 15 % residual content, are generally taken as the end of life of PVC-P 

barriers.Loss of plasticizers leads to shrinkage of the material, depending on the 

plasticizer content by volume. If the recipe is confidential, the testing institute is faced with 

a rather complicated scenario. 

While oxidation of polystyrene (PS) is similar in nature to that of polypropylene, the 

resistance to oxidation of PVC-P is markedly greater thanks to the chlorine atom which 

attracts electrons away from the tertiary hydrogen positioned on the same carbon atom as 

the substituent chlorine. But, as in polypropylene, oxidation eventually leads to 

hydroperoxide residues which increase the sensitivity to further oxidation. Thus the 

material has to be appropriately stabilized with antioxidants.  

In planning the test procedure the thermal behaviour should first be investigated by DSC. 

Generally, due to the tendency of chlorine to split off as hydrochloric acid, temperatures 

higher than 70 °C should not be used. Appropriate aqueous solutions should be used for 

leaching and they should be renewed at the latest when they become saturated. If 

leaching takes place on one side of the specimen only, then this should be taken into 

account in the evaluation. The intensity of leaching depends on the composition and 

incident flow of the liquid. Leaching conditions have to be adapted appropriately to the 

conditions in the intended application.  

At the time of writing there is no European or international regulation for PVA, PS and PVC-

P geosynthetics, although national regulations exist such as for tunnel liners in the NEAT 
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test specifications in Switzerland, the German DGGT EAG-EDT(2005) and the German ZTV-

ING, part 5 Tunnel (2007). These will not be commented on here. 
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Summary 

- Polymer geosynthetics degrade principally due to photochemical, chemical and in a 

few cases microbiological reactions, together with the physical effect of the 

environment. The rate at which these occur depends strongly on the temperature 

and other conditions. 

- Many effects occur at the polymer surface. Thus thicker materials are clearly more 

resistant than thinner ones. If the external reagent is not consumed at the surface 

it will usually diffuse into the polymer and its rate of diffusion may be the factor 

that controls the rate of the whole reaction sequence. A purely surface effect forms 

one extreme, while the at other extreme a the bulk-reaction takes place uniformly 

across the full cross-section. In reality there is mostly a mixture of both. 

Photochemical and microbiological degradation and leaching of additives are 

examples of surface effects, while under normal conditions in soil hydrolysis and 

oxidation are examples of bulk reactions. 

- Chemical reactions between solid reaction partners are generally slow in 

comparison to reactions with those involving fluid phases, including thin fluid 

layers adsorbed on the surface.  

- Reactions which rupture the main chain of the polymer are more critical since this 

will directly reduce the strength. 

- Polyolefins, including polyethylene (PE), polypropylene (PP) and their copolymers 

and blends, degrade principally by oxidation. This is a complex process involving a 

chain of individual reactions, each of which may proceed at its own rate and have 

its own sensitivity to temperature. Oxidation is initiated by a source of energy such 

as high temperature or UV light. Transition metals can act as catalysts.  

- Additives are essential to the long-term durability of polyolefins, particularly 

polypropylene and its copolymers and blends. Typical additives include antioxi-

dants which operate at the high temperatures during processing, acid scavengers, 

long term antioxidants, ultraviolet stabilizers including carbon black, and metal 

deactivators. Of the long-term antioxidants sterically hindered phenols (ShPh) 

result in a long incubation time followed by a rapid loss of strength, hindered 

amine stabilizers (HAS) in a more gradual loss of strength with no incubation time. 

- There are currently two principal accelerated methods for determining resistance 

to oxidation: oven ageing and autoclave ageing under oxygen pressure. Both are 

adapted as index tests in ISO 13438. Both can be used as the basis for Arrhenius 

tests to predict long-term durability. Both use loss of tensile strength as the end-of-

life criterion for geotextiles. Autoclave ageing includes the impact of loss of 

additives by leaching. 

- Oven ageing in air requires equipment that is simple and generally available. For 

geotextiles the method requires either long durations or high temperatures, and 

allows for the loss of additives by evaporation but not by leaching. At these 

temperatures the mechanism of degradation may differ, for example the rate of 

oxidation may be controlled by oxygen diffusion or solubility. Care has to be taken 

that under the testing conditions no purely surface reaction takes place, which 

does not represent in-soil conditions. This may be determined by microscopic and 

chemical analysis of the specimen cross section. Tests performed over a range of 

temperatures can be extrapolated to service conditions, provided that the 



CUR Building & Infrastructure Report 243 

 

 141 

dependence of rate of oxidation on temperature is established. 

- Thermal analysis tests carried out before long-term testing provide a simple 

method of determining the temperature limit beyond which nonlinear Arrhenius-

plots are to be expected, caused by physical effects such as changes of 

morphology.  

- By measuring the stabilizer content at intervals during exposure of the samples it 

is possible to divide the process of degradation into three stages: antioxidant 

consumption, induction period and loss of mechanical properties by oxidation. 

Arrhenius diagrams are set up to predict the lifetime for each stage, the sum of 

which is the predicted lifetime for the material. The method has to be modified for 

products stabilized with HAS where the rate of loss if strength is less abrupt. 

- Autoclave ageing is promising and delivers a precious advantage in lower testing 

time expenses. Clearly it requires equipment that is somewhat more expensive but 

not prohibitively so. Shorter durations and lower temperatures can be used. 

Immersion in liquid allows for the loss of additives by leaching but not by pure 

evaporation. The American method, which is aimed more at geomembranes, is 

performed in dry oxygen and pre-leaching is done in special devices. Tests 

performed over a range of temperatures and oxygen pressures can be extrapolated 

to service conditions, provided that the dependence of rate of oxidation on 

temperature and oxygen pressure is established and further developed. 

- The lifetimes of correctly stabilized polyolefins under normal soil conditions have 

been shown to be long compared with practical experience to date. For this reason 

it has not yet been possible to validate either method against long term lifetimes in 

soil. 

- It is clear that each method may be more suitable for particular types of material 

and environment. Pure oven ageing, including the screening test ISO 13438 

Methods A and B, may be more appropriate for materials where leaching is not an 

issue and for materials sensitive to elevated pressures or decompression. It is not 

appropriate for materials where there is pure surface oxidation, such as materials 

with a low resistance to oxidation.  

This has to be decided by experiment. For the time being it is not easily possible 

from a scientific standpoint to specify which method to use. Speed of testing, the 

inclusion of leaching and the avoidance of surface oxidation all favour the 

autoclave test, but the equipment for oven ageing, if applicable, is more generally 

available. For index testing according to ISO 13438 this standard currently treats 

them as alternatives. 

- High tenacity PVA fibres degrade very slowly by oxidation in alkaline environments. 

UV absorption has been used successfully as a method for determining their rate 

of degradation. Polystyrene degrades by oxidation.  

The principal cause of degradation in plasticized PVC is loss of plasticizer. 
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Annexes: 

 

Annex 3.1-1 Schematic diagram of the oxidation of polyolefins  

(Simplified for people not familiar with chemistry.) 

Some preliminary comments for better understanding: Polyolefins such as PE or PP 

consist of hydrogen(H) and carbon(C). The whole family of such compounds is thus called 

hydrocarbons. Their basic polymer molecules can be represented by the symbol RH, where 

R represents the whole hydrocarbon polymer molecule apart from the hydrogen H. The 

molecule can contain Carbon-Carbon double bonds. If a hydrogen atom is abstracted from 

the hydrocarbon molecule the remaining part is called a hydrocarbon-radical (abbreviated 

to R*, the * symbolizing the reactive radicals). Radicals are very reactive molecules. The 

charge of the molecule is not changed by transforming it into a radical. O represents 

oxygen, H represents hydrogen. The darts → represent the chemical transformation 

(reaction) taking place. 

The following is a strongly simplified scheme of the radical initiated oxidative chain 

reaction: 

 

Chain initiation: 

RH + energy (e.g. heat, radiation or shear) → R* or in words: 

hydrocarbon + energy → hydrocarbon-radical 

 

Chain propagation: 

Very rapid reaction of the hydrocarbon radical with oxygen 

R* + O2 → ROO* or in words:  

hydrocarbon-radical + oxygen → hydrocarbon peroxy radical 

 

And regeneration of the hydrocarbon radical by hydrogen abstraction from a further 

hydrocarbon molecule RH 

ROO* + RH → ROOH + R* or in words: 

hydrocarbon peroxy-radical + hydrocarbon → hydrocarbon hydroperoxide + 

hydrocarbon-radical 

 

Thus an endless chain reaction will take place, producing lots of hydroperoxides unless 

the hydrocarbon radical is deactivated (see chain termination). This chain, including 

branching, see below, is also called an auto-oxidative cycle. The rate of the reaction at 

first is rather slow in this induction phase. It strongly increases with the amount of 

hydroperoxides formed. Further chain branching takes place at elevated temperatures or 

in the presence of catalyzers (e.g. heavy metal ions), since hydroperoxides are rather 

stable at ambient conditions.  

The hydrogen abstraction just described is the rate limiting step in the autoxidative cycle 

provided that sufficient amounts of oxygen are available, otherwise oxygen supply 

becomes the rate limiting factor. 

Instead of RH other molecular species containing e.g. double bonds or bound oxygen may 

participate in the chain propagation reaction (side reactions), leading e.g. to crosslinks or 

carbonyl (C=O) containing species.  
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Chain branching: 

The rate of oxidation will be multiplied if chain branching can take place, since many more 

active radicals are formed rapidly and are able to start further chain reactions.  

 

ROOH + energy and/ or heavy metal ions → RO* + OH* or in words: 

 

hydrocarbon hydroperoxide + energy and/ or heavy metal ions → 

hydrocarbon oxy-radical + hydroxyl-radical 

 

and / or 

ROOH + ROOH + energy and/ or heavy metal ions → RO* + ROO* + H2O, in words:  

 

hydrocarbon hydroperoxide + hydrocarbon hydroperoxide + energy and/ or heavy metal 

ions → hydrocarbon oxy-radical + hydrocarbon peroxy-radical + water 

 

Chain termination: 

If many radicals are present they can meet and react and so the number of radicals will 

decrease. This leads to a finally reduced rate of oxidation:  

 

R* + ROO*→ ROOR or in words: 

 

hydrocarbon-radical + hydrocarbon peroxy-radical → dihydrocarbon peroxide 

 

and / or 

 

R* + R* → R-R, in words: 

 

hydrocarbon-radicalC* + hydrocarbon-radicalC* → hydrocarbon-hydrocarbon 

 

and / or 

 

R* + RO* →R-O-R, in words: 

 

hydrocarbon-radicalC* + hydrocarbonoxy-radicalCO* → hydrocarbon-O- hydrocarbon  

(a Dihydrocarbon ether) 

 

and /or  

 

2 R* → RH + Olefin, in words: 

 

hydrocarbon-radicalC*+ hydrocarbon-radicalC* → hydrocarbon + olefin  

 

(Comment: Olefin is a hydrocarbon containing double bonds. These compounds are more 

reactive than hydrocarbons containing no double bonds (alkanes).) 

All molecular species formed may again participate in the chain reaction.  

 

Other possibilities of chain termination are provided by the action of antioxidants. 



CUR Building & Infrastructure Report 243 

 

  144 

 

Annex 3.1-2 Schematic diagrams of the Mechanisms of Antioxidants 

 

Primary Antioxidants are able to deactivate radicals. Secondary antioxidants are only able 

to deactivate hydroperoxides. Some simple examples are given. Further study of the 

technical literature is recommended (see e.g. Zweifel 1998). 

 

Sterically hindered phenols, aromatic amines etc. are acting as hydrogen-donors: 

 

This type of antioxidant compound (abbreviated to InH for the complete inhibitor including 

a reactive specially bound H, H for hydrogen) deactivates radicals by donation of hydrogen: 

 

InH + R* (or RO* or ROO*) → In* + RH (or ROH or ROOH) 

 

In* is made rather inactive by special chemical design (i.e. kind of substituents) of InH in 

order to avoid a direct reaction with oxygen. It cannot participate in the auto-oxidative 

cycle, but can often be further transformed into other species also capable of deactivating 

additional radicals. 

 

Hydroperoxide Decomposers (HD): 

 

These compounds, such as organic phosphites or phosphonites or compounds of sulfur 

(prefix: thio) such as thiocarbamates or dithiophosphates are designed to reduce 

hydroperoxides to comparatively stable alcohols. The HD is oxidized. One example: 

 

organic phosphite + ROOH → organic phosphate +ROH, in words: 

 

organic phosphite + hydrocarbon hydroperoxide → organic phosphate + alcohol 

 

The organic phosphite compounds offered on the market differ in their hydrolytic stability. 

Hydrolysis leads mostly to the formation of phenols and phosphoric acids. The compounds 

function up to processing temperatures of 300 °C; their long term performance at 

ambient temperatures is insignificant. The acids have to be deactivated with acid 

scavengers (section 3.1.3.4). 

 

Sterically hindered Amines: 

Hindered amine stabilizers, abbreviated to HAS, are relatively large oligomeric compounds 

with a very low tendency to evaporate. The compounds contain active amine functions, 

see figure 3.1 (right), which are each a part of a cyclic ring compound. The amine at first 

has to be oxidized to nitroxyl radicals, which are effective antioxidants against thermal 

degradation. Thus HAS stabilizers can also be bought in the more expensive active 

oxidized form. 

Radicals of the auto-oxidative chain are deactivated by the nitroxyl radicals to low activity 

compounds, and the nitroxyl radical is regenerated until the ring is destroyed by some 

competing reaction.  

The stabilizer is not active at the high temperatures under processing conditions and first 

needs activation by oxidation to form the nitroxyl- compound, which is the active 

antioxidant. 
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3.2 Hydrolysis: polyesters, polyamides, aramids 

 

J.H. Greenwood. H. F. Schroeder 

3.2.1 Introduction to degradation of polyesters 

In comparison with the complex mechanism of the oxidation of polyolefins the hydrolysis 

of polyethylene terephthalate (PET) geosynthetics, generally referred to as polyesters, is 

more straightforward. In contrast to polyolefins polyester materials have a high intrinsic 

durability. Thus leaching, evaporation etc. are not a problem for Polyester. Polyester fibres 

and bars are used in nonwoven and woven geotextiles and in geogrids, notably for 

reinforcement applications. In the automotive industry polyester fibres are used in large 

quantities as tyre reinforcements, so that for reasons of price geotextiles have adopted 

the same fibres for high quality reinforcing products. While this has prevented the 

development of fibres tailored to the geotextiles market, it has assured on the other hand 

that the polyester fibres used for this kind of application are generally all of a similar 

specification. Fibres and raw materials with a different specification may be used in 

nonwovens. The only polyester geotextiles currently available that are not based on fibres 

are laid geogrids manufactured from welded PET bars. The specifications of the raw 

materials for welded PET geogrids differ also in general from the PET raw material used for 

fibres. 

 

Polyester fibres degrade by two independent mechanisms of hydrolysis. In acid or neutral 

environments, including water vapour, the dominant hydrolysis reaction takes place 

throughout the cross-section of the PET-products (figure 3.16), leading to progressive 

rupture of the polymer chains and consequent loss of strength of the fibres and bars. This 

reaction which is referred to as "internal" hydrolysis, is related to the number of carboxyl 

end groups present at the end of polymer chains (left side of PET in figure 3.16). The 

aggressive ions involved are hydrogen ions (protons), which can be provided from the free 

carboxyl endgroups (Ravens et al. 1961) of the PET-molecules or other acidic components 

present, like e.g. phenols from antioxidants. A higher molecular weight indicates a lower 

population of carboxyl end groups and thus a lower tendency to hydrolysis. In addition, the 

high degree of orientation and crystallinity in polyester products reduces the free volume 

of the amorphous phase where the reaction takes place and thus increases the resistance 

to hydrolysis. Thus also the morphology and possibly other additives and chemical 

modifications, e.g. copolymers (different diacids, dialcohols), modified carboxyl endgroups 

and residual content of catalysers might have an impact on resistance to hydrolysis and 

cannot be excluded for an adequate assessment of resistance to hydrolysis of arbitrary 

PET geoproducts. 

 

n (HOOC- ø - COOH) + n (HOCH2CH2OH)


  H[-OOC-ø-COOCH2CH2-]n OH +( 2n-1) H2O 

 terephthalic acid ethylene glycol PET water 

 a dicarbonic acid a dialcohol a polyester water 

 with ø = benzene ring 

 

 Fig. 3.16 

 Synthesis( →)/Hydrolysis( ←)  

 of polyethylene terephthalate  

 (PET). 
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In alkaline environments the more aggressive hydroxyl ions (OH- ions) cannot penetrate the 

bulk volume of the PET-product and degradation takes place at the surface. It is therefore 

known as "external" hydrolysis. Material is removed from the surface leading to a loss in 

strength proportional to the reduction in cross-section. Additives play a minor part. There 

may be some accelerating effect of residual impurities on the fibre surface causing less 

ordered structures like TiO2 particles or other fillers or residues of catalyzers. A supposed 

example for this situation is shown in figure 3.17. 

 

In both cases the backbone of the polymer chain is attacked, but the location of attack 

differs from that in internal hydrolysis. This results in a lower molecular weight too. Both 

mechanisms are thermally activated and therefore react faster at higher temperatures 

according to Arrhenius' formula, but both proceed very slowly at normal ambient 

temperature and normal ionic concentrations (like pH, pCa).  

 

 

 Fig. 3.17 

 PET-strand (8 mm x 0,8 mm)  

 before (below) and after  

 (above) 4 year immersion in  

 saturated lime solution  

 at 50oC (courtesy of  

 Prof. Dr. J. Müller-Rochholz). 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 3.18 

 PET strands immersed in water 

 (red line) and in saturated  

 Ca(OH)2 (blue line) solution 

 (courtesy of  

 Prof. Dr. J. Müller-Rochholz). 
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Other reactions can occur at higher temperatures. Methylene groups within the polymer 

chain may oxidize, but more critical are the ether groups originating from the 

diethylenglycol content of the dialcohol component of PET. The sensitivity to oxidation can 

be reduced by controlling the structure of the polyester, limiting the concentration of 

diethylenglycol groups (Ludewig 1975) by appropriate conditions and catalyzers during 

synthesis. Some crosslinking can also occur under harsh processing conditions. 

 

Resistance to internal hydrolysis is generally provided by careful structuring of the polymer 

rather than by the use of additives and particularly by ensuring that the polyester remains 

very dry at every stage of its processing. However, hydrolysis stabilizers, mostly derivates 

of carbodiimides, may be introduced. Such compounds reduce the number of effective 

carboxyl end groups which provide sites for the initiation of long-term hydrolytic 

degradation by hydrogen ions. 

 

Antioxidants are usually only involved at low level as basic processing stabilizers. Thus 

some residuals from organic phosphites and sterically hindered phenols may be present. 

Generally sterically hindered amines are not used, since they would promote aminolysis, a 

reaction related to hydrolysis. 

3.2.2 Accelerated testing  

Accelerated tests are performed by immersing the PET products in hot water and 

measuring the reduction in strength, this being the property of most interest. If the 

environment is to be neutral careful attention has to be paid to the purity of the water and 

to constancy of temperature. Alkaline contamination of the water must be avoided at all 

costs. Further Schroeder (1999, 2000) and Schmidt (1994) tested the PET yarns wrapped 

around cylinders at constant tension to get very low standard deviations for tensile testing. 

By this procedure the length of the yarns should stay constant i.e. shrinkage is avoided.  

 

Such tests were performed e.g. by Burgoyne and Merii (2007), Schmidt et al (1994), Elias 

et al (1998, 1999) and Schröder et al (1999, 2000) and Nait-Ali (2009). As hydrolysis is a 

very slow process the tests have to be continued for more than a year for a statistically 

significant reduction in strength to be registered at a lowest temperature of around 50ºC. 

Tests can easily be performed above the boiling point of water e.g. Schmidt et al ventured 

into the region of superheated steam in an autoclave, but under these conditions 

deviations from the linearity of Arrhenius occur. It is a special problem of PET, that its glass 

transition temperature in the wet state for the slow internal hydrolysis is in the range 

around 50 °C and the impact of this transition on hydrolysis is still not fully clear. In 

several of the tests, therefore, the authors measured the reduction in molecular weight by 

means of the intrinsic viscosity instead of, or in addition to, measuring the reduction in 

strength. Separate tests can if necessary be performed to relate molecular weight and/or 

viscosity to strength.  

 

In the analysis of Burgoyne and Merii (2007) an Arrhenius analysis is applied to the rate at 

which breaks are created in the polymer chain and this is related to the change in 

molecular weight. Two yarns were tested, coded PET1 and PET2. The reductions in 

strength predicted by their calculations for a lifetime of 100 years at 20 ºC are given in 

table 3.1. 
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In the tests of Schmidt et al (1994) Arrhenius' formula was applied directly to the observed 

reductions in strength. Predictions derived from their data (including a corrected value for 

50 ºC) are listed in table 3.1. They noted that the slope of the Arrhenius diagram is slightly 

greater for the measurements made below 100 ºC, leading to a different prediction. As 

usual, slight differences on a logarithmic scale lead to huge differences in predicted times. 

Molecular weight was monitored and an analysis based on their measurements but 

analysed using Burgoyne and Merii's procedure has been added to table 3.1.  

Table 3.1  Predictions of strengths of polyester fibres retained after immersion in water. 

 
Molecular 

weight 

Mn 

CEG 

count meq/g 

Method of 

analysis  

(see note) 

Percentage of strength retained 

after 100 years at temperature in ºC 

Activation 

energy, 

kJ/mol 

Ref 

20 25 30 35 40 

PET1 30700 15 a 97 94 89 80 68 112 Burgoyne, Merii 

PET2 39500 30 a 94 88 78 64 49 114 Burgoyne, Merii 

146S 25300 24 b 94 89 79 61 27 98 Schmidt 

146S (<100 ºC) 25300 24 b 90 83 69 47 10 85 Schmidt 

146S 25300 24 a 98 96 92 85 70 120 Schmidt 

P5 (inferior quality) 18200 47 b 69 46 8 0 0 79 Elias 

P6 (PVC coated) 30200 19 b 95 90 81 63 32 100 Elias 

P7 30600 18 b 91 83 69 43 0 94 Elias 

Yarn Y1  28 b 99 97 94 88 76 106 Schröder 

Yarn Y2  13 b 97 94 81 52 0 108 Schröder 

Yarn Y3  26 b 99 97 93 86 43 112 Schröder 

Geogrid  25 b 95 90 81 69 44 97-109 Schröder 

Nonwoven  27 b 95 91 82 67 53 100-107 Schröder 

Method a: Arrhenius formula applied to the rate of chain breakage;  

Method b: Arrhenius formula applied to rate of reduction in strength. 

 

Elias et al (1998) performed similar tests on three yarns, one of which (P5) was 

deliberately of a lower quality. They analysed the results by applying Arrhenius' formula 

directly to the strengths. Similar tests like Schmidt were performed by Schröder et al 

(2000). Predictions based on the authors' calculations are given in table 3.1. 

 

These analyses assume that strength decreases nearly linearly with time at ambient 

conditions. Since however rupture is probably mainly promoted by end groups on the 

polymer chains or the related inner hydrogen ion concentration – thus the importance of 

the carboxyl end group count – the more chains that rupture, the more end groups there 

are to promote further rupture. This positive feedback, known as "autocatalytic" 

(Zimmermann 1978) is not significant above about 70% of tensile strength, but could 

cause more rapid degradation as the strength decreases below this level. Jailloux et al 

(2008), however, report that the rate of degradation in fact decreases because of an 

increase in crystallinity. These authors also note an incubation period at the start of 

immersion during which no reduction in strength is observed. The incubation period lasts 

11 days at 95 ºC and 35 years at 23 ºC, accounting for the lack of observations of any 

changes on site. 

 

From the results it can be seen that hydrolysis in water for this type of PET-yarns and the 

qualified other products tested is very slow, so that the retained strength after 100 years 
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at 20 ºC for fibres with Mn >25000 and CEG count of <30 meq/g is predicted to be not 

less than 90% of their initial strength in a saturated chemically neutral soil (100 % r.h.). 

Above 35 ºC the rate of degradation increases rapidly and the predictions become more 

and more divergent. The assessment yet cannot be done for arbitrary PET products alone 

on the single basis of molecular weight or CEG count as has been stated above. 

3.2.3 Index tests and default factors 

On the basis of these results, in particular those of Elias et al., ISO TR 20432 sets a 

requirement that Mn >25000 and CEG count of <30 meq/g for a design life of 100 years. 

For such materials and in the absence of any other data, it allows a default factor RFCH = 

1.2, corresponding to a retained strength of 83%, for a lifetime of 100 years at 25 ºC. At 

35 ºC this is increased to 1.4, corresponding to a retained strength of 71%, but for 25 

years only. Arrhenius testing is still recommended for a valid life prediction. The default 

factor of RFCH = 1.2 corresponds to an activation energy of 107 kJ/mol, assuming a 

constant rate of loss of strength. 

 

An alternative to this requirement is that the product passes EN 12447, in which it has to 

have a retained strength of 50% after immersion in water at 95 ºC for 28 days (it must be 

noted that EN 12447 relates to 25 years).  

3.2.4 Dry and humid soils 

Since the degradation of polyesters requires the presence of water, liquid or vaporous, it 

has to be assumed that no degradation takes place in totally dry soils. However real dry 

soil possibly exists not even in deserts, the presence of water vapour is enough to start the 

hydrolysis process. No studies have taken place on alternative, slower forms of 

degradation, like oxidation, that might occur too in the complete absence of water, 

perhaps because such environments are rare.  

 

The rate of degradation in humid or partially saturated soils is assumed to be proportional 

to the relative humidity, or to the degree of saturation. Thus where liquid water is present 

the local humidity may approach 100% and the degradation should proceed at the same 

rate as in water. Where the water content of the soil is 80% of the saturated soil it is 

assumed that the relative humidity is also 80% and that the rate of degradation is similarly 

80% of that in water.  

 

Schröder et al (2000) performed some tests at 75 % humidity at 90 ºC and showed that 

the rate of degradation was 60% of that in water at the same temperature. The 

assumption that the rate of degradation is proportional to the relative humidity is therefore 

conservative. 

3.2.5 Coatings and sheaths 

The primary purpose of a coating or sheath on polyester geosynthetics is to protect the 

fine fibres from mechanical damage and weathering. It is suggested that the coating will 

also restrict outer chemical attack in the same way that paints and other polymer coatings 

protect metal surfaces from corrosion. The access of water vapour is generally not on the 

long term excluded. By the coating it will be not possible that low molecular hydrolysis 
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products, which may catalyze hydrolysis since they are composed of compounds with 

carboxyl endgroups strongly contributing to the carboxyl count , will be eliminated from the 

product by diffusion or convection thus even an accelerated hydrolysis might occur in the 

long term view.  

 

Schröder et al (2000) demonstrated that a PVC coating provides no protection from long-

term inner hydrolytic attack. Elias et al's (1998) PVC coated yarn P6 performed better than 

their other yarn P7, although this was not a direct comparison. HDPE coatings are 

permeable to water vapour in the long term, slowly allowing water under appropriate 

conditions to accumulate in the narrow space surrounding the fibres. The current view is 

that internal hydrolysis would be delayed but not prevented in the long term. Impacts on 

external hydrolysis by large concentrations mineral ions such as calcium might be 

prevented by coatings with greater success.  

 

Since the effectiveness of the coating cannot be guaranteed in the long term, hydrolysis 

tests should be performed on uncoated rather than coated fibres as a worst case. 

 

Any increase in predicted lifetime based on a claim that the coating will protect the fibres 

from chemical degradation must assume that the integrity of the coating is maintained. 

There must be no cuts or holes or even pores. Assurance of this depends on the backfill 

used and the quality of the installation process and the quality of the coating. In order to 

provide this assurance it is essential to perform representative damage tests and 

systematically record any visible damage in addition to the routine measurements of 

strength loss. This is not an easy task!  

 

More conservatively thus , it is recommended to base any life prediction on measurements 

made on the uncoated PET fibres and bars alone. 

3.2.6 Predictions at higher temperatures 

The columns for 30 ºC and above for table 3.1 show that the predictions for retained 

strength at these temperatures diverge. Thus for temperatures up to 35 ºC ISO TR 20432 

only gives a default factor for 25 years. Any predictions of retained strength, or of RFCH, 

made for temperatures over 30 ºC for durations of over 25 years should be treated with 

caution.  

On the other hand one should question whether such temperatures are really continuous, 

or whether they represent peak daytime temperatures at the surface in the hottest 

season. At these times the soil at these temperatures may be relatively dry. It may be 

possible to reconsider the specification for the environment and avoid an over-pessimistic 

prediction for the use of polyesters - or any other materials. For the assessment of the 

effective durations of the elevated temperatures, Arrhenius weight factors have to be 

included. 

3.2.7 Predictions for alkaline soils 

As described above, in alkaline soils a second form of degradation occurs at the same 

time as internal hydrolysis. This 'external' hydrolysis results in the erosion of the fibre 
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surface, reducing the strength proportionally to the change of the cross-sectional area, if 

no local corrosion takes place.  

 

The impact of alkaline hydrolysis is strongly depending on the transport by convection and 

diffusion of hydroxyl ions to the geosynthetic. This will only happen in wet soil surrounding. 

Further the impact of carbon dioxide, originating mainly from soil biology, has to be 

regarded for its neutralizing effects, even if this is not so easy without further local 

information. 

 

There exists evidence that preferred external hydrolysis takes place around titanium oxide 

and antimony trioxide (Sb2O3) particles at the fibre surface. These mineral can usually be 

present in PET-fibres to control crystallisation. 

 

All four papers that describe accelerated tests on hydrolysis also describe tests in alkaline 

solutions. Burgoyne and Merii (2007) tested their fibres at 70 ºC in Ca(OH)2 (pH estimated 

as 9 or less) and NaOH at pH11 for durations of 126 to 250 days. There was no significant 

difference between the strength of fibres in these solutions and that of fibres immersed in 

water. Schmidt et al (1994) concluded similarly that at 50 ºC and below the rate of 

reduction of strength in Ca(OH)2 at pH10 is not different to that in water, i.e. that the 

internal hydrolysis due to the water dominates over the external hydrolysis due to alkaline 

attack on the surface. At 70 ºC and above, however, the strength diminishes faster in the 

alkaline solution.  

 

Schröder et al (1999) performed an extensive series of immersion tests on a woven 

polyester in neutral (pH 8.1 to 8.3) and slightly alkaline (pH 9.0 to 9.4) soils and in 

leachates from those soils. The temperature was 60 ºC and the durations from 4 to 104 

weeks. In the leachates there was an immediate loss in strength of 9%, while after 104 

weeks the total loss in strength averaged 19%, an additional reduction of 10%, with a 

standard deviation of 14%. The immediate loss in strength is dismissed as being due to 

damage of the specimens by incorporated sharp edged soil particles which damaged the 

specimen during the tensile test procedure. For the time-dependent loss the authors 

quote a conservative range of 13 to 24%. There is no significant difference between the 

neutral and alkaline soils. Meanwhile the CEG count increased from 24 to 38, indicating 

the presence of internal hydrolysis, while the molecular weight reduced. The exposure at 

60 ºC for 2 years corresponds to a duration of 185 years at 25ºC. For this duration a 

reduction of 10% would give RFCH = 1.1 while the standard deviation of 145 would give R2 

= 1.16. Reducing this proportionally to 100 years, RFCH = 1.05 and R2 = 1.09.  

Schröder et al (2000) observed no difference up to pH levels of about 9,5 (hydroxyl ion 

concentration of 3 × 10-5 M), beyond which alkaline (external) hydrolysis started to etch 

the surface while internal hydrolysis degraded the interior of the fibre. They derived an 

activation energy for alkaline hydrolysis to be 80 kJ/mol for yarn Y1 at 40 to 60 ºC, 52 and 

46 kJ/mol for yarns Y2 and Y3 at 25 to 60 ºC, which is markedly less than the range for 

internal hydrolysis.  

 

Vouyovitch van Schoors et al (2009), performing tests in sodium carbonate ("soda") 

Na2CO3 at pH9 and pH11 at temperatures between 45 ºC and 75 ºC, concluded that the 

rate of degradation at pH11 was no faster than at pH9. The loss of strength was due 

primarily to the reduction in molecular weight, while at pH 11 this was accompanied by a 
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reduction in diameter. The modulus decreased by over 10% after two years at only 45 ºC 

and this decrease is expected to occur even at 20 ºC after longer durations. 

 

There exists extensive literature on external hydrolysis of PET-fibres. The process is used 

industrially to etch the surface of PET fibres to get a surface favourable for water vapour 

transport and eudermic climate in textiles. 

 

These authors all agree that at 20 ºC no significant degradation occurs at pH levels of up 

to 10, even with calcium ions which are more aggressive than sodium (Schröder April 

1999).  

 

Elias et al (1998), however, obtained very different results. Tests in Ca(OH)2 were 

inconclusive due to the formation of deposits, while those in NaOH at pH10 gave the 

following predictions for the percentage retained strength after100 years: 

Table 3.2 Predicted retained strengths after immersion in pH10 for 100 years. 

 Mn CEG count Method Percentage retained strength after 

100 years immersion at temperatures 

(ºC) 

Activatio

n energy 

(kJ/mol) 

Ref 

20 25 30 35 40 

P5 18200 47 b 23 0 0 0 0 71 Elias 

P6 (PVC coated) 30200 19 b 83 71 49 14 0 83 Elias 

P7 30600 18 b 65 39 0 0 0 83 Elias 

 

On this basis it is wise to be cautious in specifying polyester for alkaline soils with pH 

levels markedly above 9, particularly at temperatures greater than 25 ºC, although ISO TR 

20432 specifies default factors for a pH between 8 and 9. As pointed out in chapter 2.2, 

the alkalinity of natural soils rarely exceeds 9. pH levels of 10 and above are found only in 

areas of intense industrial contamination such as mine tailings and in meliorated soils by 

treatment with lime. 

3.2.8 Experience from site 

Most studies on polyester to date suffer from the difficulty of differentiating at most 1-2% 

hydrolytic degradation from the effect of installation damage (Troost et al 1994, Elias et al 

1998, Cowland et al 1998, Voskamp et al 2001, Naughton and Kempton 2006, Harney 

and Holtz 2006).  

 

Leflaive (1988) described a comparison on polyester straps taken from a five metre high 

vertical wall in Poitiers, France, constructed in 1970. The straps had been embedded in 

the concrete facing elements and anchored in the backfill, where the pH was 8,5. The 40% 

reduction in strength at the point where the straps entered the concrete facing units was 

attributed to local high alkalinity (25%), internal hydrolysis (5-10%) and installation 

damage. Away from the facing elements the reduction in strength was only 2%. The effect 

of alkaline hydrolysis is clearly strongly depending on the local situation of transport of 

alkaline liquid extracts originating from the concrete facing to the geotextile, since alkaline 

hydrolysis will only proceed with significant velocity in the wet state. The effects described 

by Leflaive can vary strongly e.g. by intensity of rainfall and thus can only be a remark but 

not a quantitative advice for the designer. Further the important neutralizing effect of 
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carbon dioxid, originating from soil air in an often much higher partial pressure than from 

ambient air, can be considered only difficultly. 

 

Blume and Alexiew (1998) examined the degradation of a woven polyester after 14 years 

at the base of an embankment. Taking out the effect of installation damage, it was 

estimated from changes in Mn and CEG count that 1-2% of the loss in strength could be 

attributed to chemical degradation. 1-2% over 14 years would amount to a loss of 7-14% 

over 100 years, assuming a linear rate of loss of strength. Elias (2000) observed a small 

amount of hydrolytic degradation in polyester geogrids but suggested that this would only 

become significant and clearly recognizable after 30 years. 

 

Schröder (1998) has reported on excavations of woven polyester geotextile after about 20 

years in site, followed by accelerated testing in the water taken from the soil at the same 

location as the sample. The soil water turned out to be no more aggressive than pure 

distilled water. The retained strength was approximately 70% after immersion at 90 ºC for 

84 days and the CEG count increased accordingly. The changes of carboxyl count after 

excavation was found to be statistically insignificant. The hydrolysis behaviour of the 

exhumed PET-yarn was identical with a well known PET-yarn studied before. Since 

molecular mass and carboxyl count were also the same and the tensile behaviour was 

identical, it was concluded that life expectancy of the exhumed yarn was identical to that 

of the well known yarn, where excellent longevity had been proved before (Schröder April 

1999)  

3.2.9 Degradation of polyamides 

The principal polyamides used in geotextiles are the aliphatic polyamides 6 and 6.6. These 

have a simple linear chain structure (figure 3.19), the numbers referring to the number of 

Methylen (CH2)-links between the amide bonds (-NH -CO-). 

 

 

 Fig. 3.19 

 Synthesis and chemical  

 structure of polyamide 6 and  

 structure of polyamide 6.6  

 (below), ref Veldhuijzen  

 van Zanten 1986. 

 

 

 

Aromatic polyamides, see figure 3.20, better known as aramids, include benzene rings in 

the polymer chain which are directly neighboured to the amide bond. The consequence of 

this situation for durability is that the resistance to oxidation is much improved, since the 

Methylen-link responsible for oxidation behaviour is missing. But the benzene rings 

strongly increase sensitivity to weathering. Hydrolysis is still possible and has to be 

assessed. 

 

Aliphatic polyamides are susceptible to thermal degradation, oxidation, ultraviolet 

radiation, acid or alkali attack and by hydrolysis through contact with water especially at 

elevated temperatures. Polyamide geosynthetics are generally markedly more durable to 
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hydrolysis under neutral and alkaline conditions than PET geosynthetics. Under acid 

conditions they are clearly much more sensitive to hydrolysis and additionally to oxidation 

than PET. This is because of reasons of fundamental chemical structure and properties of 

the essential ester and amide bonds. They do not absorb UV light directly, but ubiquitous 

impurities act as sensitizers like for polyolefins. Oxidation occurs by a chain reaction, very 

similar to the oxidation of polyolefins but additionally a strong dependence on pH exists. 

Again in fine fibres oxygen diffusion is retarded by the high degree of crystallinity and 

orientation and durability is increased correspondingly. Degradation is observed as an 

increase in yellowness. Sensitivity increases under wet and acid conditions (EN 14030 

test method A).  

 

Wet soils have two effects. Most noticeable is the absorption of water – submerged in 

water of 20 °C approximately 10 % by weight for both polyamide 6 and for polyamide 6,6 

while only 4 % at rel. humidity of 65 % at 20 °C (van Zanten 1986). This process is 

reversible. This absorption of water changes the mechanical properties and dimensions of 

the polymer by swelling, making it more flexible and facilitates internal hydrolysis. Aliphatic 

polyamides can be stabilized against oxidation by copper salts, aromatic amines and 

hindered phenolic antioxidants which all act as heat stabilizers and antioxidants. Hindered 

phenol antioxidants are the most effective as they inhibit thermoxidative degradation. As 

with polyesters, hydrolysis stabilizers may be introduced but still it is most important to 

ensure that the polyamide resin remains dry at the very early stage during processing.  

 

The rate of hydrolysis of polyamides could, in principle, be tested by immersion in hot 

water or aqueous media of appropriate pH and ionic concentrations in the same manner 

as for polyesters. Usually the tendency for oxidation may turn out to be even more 

relevant, especially in acidic aqueous media or wet soil surroundings. Thus hydrolysis 

testing should be performed under defined oxygen pressures in media of appropriate ionic 

concentrations (presence of low concentration, about 1mM of ferri ions is recommended, 

since otherwise the oxidation reaction might prove to be unreproducible because of 

effects of undefined catalyzing actions of traces of heavy metal ions present) and pH and 

the procedure should be structured in principle as proposed later for aromatic polyamides. 

It is also a problem of both aliphatic polyamides, that their glass transition temperature is 

in the range around of 30 to 60 °C and the impact of this transition on durability related 

reactions is still not fully clear. CE-marking for 25 year durability requires the index tests 

for hydrolysis (EN 12447) and oxidation (EN ISO 13438). No results are available to 

demonstrate whether these methods could be extended to provide a long-term lifetime 

prediction. 

3.2.10 Degradation of polyaramids 

Polyaramide fibres have been used as reinforcements in composite materials for 40 years. 

They have been used in geogrids for applications such as the support of railways on piles 

over old mineworkings, where the modulus of polyester is too low. They are known to be 

more sensitive to UV light and believed to be more resistant than PA 6 to degradation by 

oxidation, acids, alkalis and hydrolysis. They are stabilized by adding chlorine and by 

nitrogen substitution in the polymer chain. 
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Correspondingly, most studies of the long-term properties of polyaramide fibres have been 

on their mechanical properties. Recently, Derombise et al (2008, 2009) have reviewed 

studies of their chemical resistance in humid and alkaline environments over one and a 

half years. In humid environments degradation is predominantly by hydrolysis and the rate 

of reaction increases with temperature and applied load. Molecular weight diminishes with 

the logarithm of time and the associated change in intrinsic viscosity is linearly related to 

reduction in strength. While other changes were noted, particularly at the fibre surface, 

they do not appear to be as significant.  

 

n NH2- ø -COCl → -(NH- ø -CO)n- + n HCl 

 

With ø (benzene ring) = 

 

or: 

 

 

 

 

 

 

 

 

 

 

 

Given an agreed end point (e.g. 50% reduction in strength), the lifetime of polyaramide 

fibres in humid alkaline environments could be determined as follows: 

- Immersion in an alkaline solution at the required pH at elevated temperatures 

- Measurement of changes in intrinsic viscosity and mechanical strength 

- Derivation of dependence of intrinsic viscosity on time (e.g. on log time) 

- Establishment of the relation between intrinsic viscosity and strength 

- Derivation of the end point for intrinsic viscosity and hence the predicted lifetimes at 

the test temperatures 

- Establishment of an Arrhenius' relation between lifetime and test temperature and 

extrapolation the service temperature. 

 

This procedure may be applied in principle to other materials, too. 

 

 Fig. 3.20 

 Chemical structure of a typical  

 polyaramide (above synthesis  

 equation, below the structural  

 formula of two sections of a  

 polyaramide chain showing the  

 possibility of relatively strong  

 forces of interchain coupling by  

 the formation of  

 Hydrogen(H)-Oxygen(O) bonds,  

shortly called hydrogen bridging.  

 Further the tough and stiff  

 structure without these flexible  

 Methylen groups of aliphatic  

 polyamides( PA 6. PA 6.6) is  

 responsible for their stiff tensile  

 behaviour.). 
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Summary  

- The high quality polyester yarns used in geotextiles are generally of similar quality. 

- The principal mechanism of degradation in neutral and acid soils is by inner hydrolysis 

which leads to a slow reduction in strength. All the tests quoted predict at least 90% 

retained strength for this quality of yarns in normal soil at 100% humidity at 20 ºC 

after 100 years. 

- EN 12447 is an index test to assure durability for a 25 year lifetime at temperatures 

up to 25 ºC in soils of pH between 4 and 9. 

- ISO TR 20432 specifies the same index test for a 100 year lifetime, with the 

alternative of Mn >25000 and a carboxyl end group (CEG) count of <30 meq/g. In this 

case the default reduction factor for the same soil condition is 1.2. Accelerated tests 

consisting of immersion in water at high temperatures are however recommended for 

life prediction. 

- Degradation occurs more rapidly at higher temperatures, particularly at 35 ºC and 

above, and the predictions of retained strength diverge according to the source and 

the method of prediction. 

- Degradation will be slower in drier soils and should be retarded by any sheath or 

coating, although this cannot be relied on as it may be damaged during installation. 

- In alkaline soils additional 'external' hydrolysis takes place, and predictions of its 

effect vary widely. In soils with higher pH values polyester based reinforcements 

should be used with caution for long-term applications until more reliable information 

is available. 

- Polyamides and less the closely related polyaramides degrade by oxidation as well as 

by hydrolysis. No long-term data exist, although methods are available for lifetime 

prediction. 
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3.3 Weathering  

 

J.H. Greenwood, H.F. Schoeder, P. Trubiroha 

3.3.1 Weather 

Solar radiation consists of a range of wavelengths extending from 300 nm to about 2500 

nm. The section from 400 nm (violet) to 800 nm (red) is visible to the naked eye and is 

called "light". The radiation can also be regarded as individual photons whose energies are 

highest at the shorter wavelengths and lowest for the longer ones. Particularly significant 

for photo-degradation are those with the highest energies, corresponding to the 'ultra-

violet' or UV radiation which forms part of the solar spectrum but which is invisible to the 

naked eye. UV radiation is subdivided into UV-B, with wavelengths below 320 nm, and UV-

A, with wavelengths between 320 and 400 nm. 

 

 

 Fig. 3.21 

 Map of radiant exposure per  

 year, Veldhuijzen van Zanten,  

 1986, the values shown have  

 to be multiplied by 42 to get  

 MJ/m2 (note: 100 kcal/cm² =  

 4.2 GJ/m²). 

 

 

 

 

 

 

 

 

 

 

As would be expected, solar radiation is highest at tropical latitudes. At temperate 

latitudes it is less intense and varies more with the seasons. In the polar regions not only 

do the long days of summer and the long nights of winter lead to a more extreme seasonal 

variation, but also depletion of the ozone layer has led to a higher proportion of UV 

radiation. UV radiation is also greater at high altitudes.  

The countries of Southern Europe experience an annual total radiant exposure of 4 GJ/m² 

to 6 GJ/m², thus a mean value of 5 GJ/m² is assumed. The UV radiant exposure (radiation 

with wavelength < 400 nm) is 6% or 300 MJ/m² per year. 

For Central Europe an annual total radiant exposure of 3,5 GJ/m² to 4,2 GJ/m² and for 

Northern Europe 2,5 GJ/m² to 3,5 GJ/m² with the UV radiant exposure of 6 % for both can 

be assumed. 
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As we know in Central Europe, weather is not just solar radiation. Clouds allow radiation to 

pass through, and the proportion of UV in this diffuse radiation is somewhat higher than in 

the direct solar radiation itself. Rain follows sun follows rain, and these cycles of wet and 

dry can be as important to a geosynthetic as the volume of rain itself. Even without falling 

rain the humidity varies widely, for example condensing as dew on colder surfaces under a 

clear sky at night. In spite of the finest modern computing and the sweet utterings of 

weather girls, the weather will always surprise us. Its variability is reflected by the number 

of words in the English language that are used to describe it. 

3.3.2 Effect of weathering on geosynthetics  

The high energy of the individual photons of UV radiation is just sufficient to produce 

changes to the polymer itself. These changes are complex and vary from one polymer to 

another. Some are summarised in the following table.  

Note that the values are activation spectra determined with the filter technique and are 

specific both for the property change and for a distinct radiation source and its filter 

system. The wavelength (ranges) in the table show the area in which the product of 

spectral irradiance and spectral sensitivity is the highest (for this property change). Their 

use requires information about the lamp and its filter system (Trubiroha et al 2005). 

Generally the spectral sensitivity (action spectra) of polymer degradation increases with 

decreasing wavelengths which means with increasing photon energy. 

Table 3.3  

Polymer Most sensitive 

wavelength 

Type of degradation 

PE  330 to 360 nm Photo-oxidation is initiated by the generation of free 

radicals, which requires less energy than breakage of a 

bond. These radicals can then start a chain oxidation 

reaction leading to breakage of the polymer backbone. 

PP 355 to 360 nm 

PVC 320 nm Bond breakages initiate the chemical degradation of PVC 

by elimination of HCl and the formation of polyenes. 

Some oxidation takes place at the surface. The UV can 

also affect plasticizers. 

PET 325 nm Bond breakage in the main chain (chain scission) leads 

to reduction in strength and the generation of carboxyl 

groups.  

PA The spectral sensitivity of PA 6 depends on the degree of crystallinity 

(Trubiroha et al 2005). A higher degree of crystallinity makes PA 6 more 

stable. 

 

Much of the literature on the weathering of geosynthetics relates to geomembranes, since 

these are more likely to be exposed to solar radiation for very long durations, for examples 

in reservoirs or in liquid storage. This experience is relevant to polymers made from similar 

materials and will therefore be referred to in the text that follows. 
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3.3.3 Changes to polymers due to UV radiation 

In most cases the UV radiation will produce changes which, directly or indirectly, lead to 

breakage of the main chain of the polymer. Some reactions are very sensitive to the 

wavelength of the incident radiation. This in turn leads to a reduction in strength, reducing 

the effectiveness of a reinforcement or allowing a geomembrane or filter to tear. Other 

results, such as changes in colour, often are less important for geosynthetics than they are 

for furnishings or paints. However, the discoloration of light-coloured geotextiles to a 

yellowish colour often indicates the destruction of phenolic antioxidants which may be 

relevant for the life expectancy of the product. 

Just as important is the effect of temperature. Visible and infrared radiation of all 

wavelengths heats the geosynthetic on to which it falls, and much of the degradation 

caused by radiation is due simply to the rise in temperature of the material. Remember 

that an increase of 1 ºC can lead to an increase of 8% in the rate of change of a property, 

which means that an increase of 10 ºC can, according to van't Hoff's rule (see section 

2.3.9.6) may double it. The local surface temperature will be equal to the air temperature 

added to the effect of radiation. At the Arctic Circle in July the air temperature averages 15 

ºC while in Dubai it is 41 ºC. The additional temperature due to solar radiation is roughly 

20 ºC at the Arctic Circle and 30 ºC in Dubai, making a total difference of 36ºC in local 

temperatures. This means that oxidation could proceed about 12 times faster in Dubai. 

Grubb et al (2000), reporting on exposure of various polypropylene geotextiles in the high 

Andes, noted that high temperature rather than radiant exposure was the parameter more 

closely associated with degradation. They also noted that the lighter materials were more 

susceptible to degradation, an observation reflected in the stipulation that the results of 

weathering tests on a light product may be used for a heavier product in the same range, 

but not vice versa. Conversely, the results of many years of exposure of polymers to UV 

radiation in the high Alps proved as worthless due to the low local temperatures as they 

were enjoyable to the staff sent to monitor the tests.  

Humidity and local moisture have a particular effect on polyamides, whose mechanical 

properties are well known to be sensitive to moisture content. An increase in relative 

humidity from 10 % to 90 % has an effect on PA6 similar to an increase of temperature by 

10 ºC. Acidic precipitation can also affect polyamides. Samples of a polyamide 

geosynthetic exposed under what turned out to be similar conditions during a bright 

summer in Berlin and a poor one in the south of France showed a reduction in strength in 

Berlin which could be attributed to acid pollution (Greenwood et al 1996). Weathering of 

Geosynthetics made from PET is relatively insensitive to temperature and humidity, 

however, while PP is strongly influenced by temperature but not generally by humidity. 

Additives may influence this behaviour. Local moisture also provides an opportunity for the 

leaching and hydrolysis of reaction products, radicals and additives. 

3.3.4 Duration of exposure 

In many applications geotextiles are only exposed to radiation during installation and, if 

unprotected, storage. For functions such as filtration, separation, drainage and the lining 

of landfills the geosynthetic has of necessity to be covered if it is to perform its function, 

and the same is true of most reinforcement and erosion control applications. Even 

reinforcements left exposed at the front of a soil embankment are soon shielded by 

vegetation. At the edge of reservoirs and canals, to take two examples, a protective 

geotextile would be exposed to solar radiation throughout its lifetime. 
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Nevertheless, these few weeks of exposure to solar radiation can lead to significant 

degradation in a polymer that is insufficiently stabilised. The exposure of the wrapping of 

the Reichstag in Berlin had to be limited to 14 days, since natural weathering tests the 

year before had shown that the aluminium coating protecting the woven PP- split-film yarn 

was so thin that the textile could fail after that time. As a precaution, laboratory tests were 

performed in parallel which simulated the weathering behaviour under nearly identical 

conditions in order to ensure that no preliminary failure would occur, (figure 3.22). 

 

 

 Fig. 3.22 

 Reichstag in Berlin, wrapped in  

 aluminium coated PP split-film  

 yarn woven (ref www.bam.de). 

 

 

 

 

 

 

 

 

 

 

The exposure can also lead to changes which may not have an immediately noticeable 

effect but which will reduce the lifetime of the geosynthetic in the long term (see 3.3.7). 

3.3.5 Additives 

In view of the rapid degradation that can occur in an unstabilized polymer, most 

geosynthetics contain additives to counter the effect of UV radiation. The most familiar is 

carbon black which absorbs the UV and restricts its access to the polymer. More finely 

divided carbon, diameter typically (22-25) nm, is more effective. Thus many geotextiles are 

black. Some include white pigment such as titanium dioxide (rutile) instead: this absorbs 

UV radiation and reflects more of the light, while high humidity or moisture can cause 

photocatalytic degradation. Carbon black and white pigments should not lose their 

effectiveness with time or be leached out of the polymer.  

 

Other additives such as hindered amine light stabilizers (HALS), which do not absorb in the 

range 300-400 nm, but deactivate the reactive radicals which would otherwise have 

accelerated oxidation. In long-term use some of these additives can be consumed or, in 

the presence of liquid, be leached from the surface. Additives introduced for other 

purposes, such as long-term stabilisation, can themselves suffer from photo-oxidation, as 

described in 3.3.8. Additives generally are described more fully in section 3.1.4. 
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 Fig. 3.23 

 Reservoir lining exposed to full  

 solar radiation (courtesy  

 TenCate Geosynthetics). 

 

 

 

 

 

 

 

 

 

 

 Fig. 3.24 

 Geosynthetic mat, filled with  

 grout (courtesy Huesker  

 Synthetic GmbH). 

 

 

 

 

 

 

 

 

 

Most geosynthetics contain sufficient stabilization to survive exposure during storage and 

installation without significant loss of strength or loss of long term stabilizers. This can be 

tested using OIT or oxidation resistance methods. Leaching of additives and of the 

products of photo-oxidation is addressed by including a water spray in the standard test 

methods. 

3.3.6 Natural weathering 

Outdoor natural weathering is used widely to test polymers and paints; it is easy to set up, 

cheap to run and represents reality. The principal disadvantage is that, as mentioned, one 

period of weather is never the same as the next, however well monitored the conditions 

may be. While it may be possible to plan for the variation between winter and summer in 

temperate climates or wet and dry seasons elsewhere, our experience of summer holidays 

tells us that in one year a particular month can be wet and cold and in the following year 

gloriously sunny. In Hamburg (not a summer holiday location), where the radiant exposure 

by global solar radiation incident in June averages 450 MJ/m², the values recorded over 

the last 40 years extend from a minimum of 80 to a maximum of 850 MJ/m². UV radiation 

makes up about 6 % of this radiant exposure. Consequently, outdoor exposure under 

apparently similar conditions can lead to a wide spread of results.  
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The other problem with outdoor exposure tests is that it takes place in real time and is 

therefore slow, apart from special sites where the solar radiation is concentrated up to 

eight times by specially coated mirrors. Nevertheless, standards ISO 877 and ASTM D 

5970 exist for outdoor exposure tests, during which it is essential to record the total solar 

radiant exposure and UV radiant exposure. 

 

There have been many results indicating the degradation of geosynthetics exposed to 

weather. Some degrade within months, while well stabilized and correctly installed 

geosynthetics have survived for many years. Degradation takes place even under water, 

but more slowly. Where the surface can be alternatively wet and dry, however, such as in 

the intertidal region, degradation can be accelerated. All will depend on numerous factors 

like the thickness of the geotextile, the quality of the stabilization, the intensity and 

duration of the radiation, the surface temperature, the leaching of additives or the 

products of reaction. Transfer of results from one location to another can be based, 

crudely, on the radiant exposure and mean temperature, but a safety factor of at least two 

should be allowed in order to cover all the possible causes of variation.  

3.3.7 Accelerated weathering 

While natural weathering is slow and the conditions variable, accelerated testing has the 

advantage that it is faster and, just as important, the conditions are controlled. The 

geosynthetic is exposed to high intensity UV radiation, which increases the number of 

photons but additionally the temperature and relative humidity of the sample is controlled, 

and the duration of exposure is extended from 12 to approaching 24 hours a day. Radiant 

exposure is used as the basis for comparison with service conditions. Since dark periods 

and the presence of water play a part in the migration and leaching both of additives and 

the products of reaction, exposure to radiation is interrupted by short controlled periods of 

water spray either when dark or light.  

The limit to the extent of acceleration is set by the maximum temperature at which 

degradation of the material can be regarded as representative of the conditions in service. 

The intensity of the radiation (irradiance level) can only be so high as not to allow the 

specimen to get unrealistically hot, under the essential rule that the mechanisms 

operating in the accelerated test must be representative of those occurring in practice. 

The ratio between the irradiation conditions in EN 12224 and one year's natural 

weathering ranges from 4 in southern Europe to 8 in northern Europe. This limitation has 

proved very restrictive, indicating that geosynthetics should be exposed to artificial 

weathering for up to 10 years if they are to simulate a lifetime of 40 years in southern 

Europe. 

There are two principal types of accelerated weathering equipment, known also 

(particularly in North America) as weatherometers: 

- Xenon arc equipment (ISO 4892-2, ASTM D 4355) has a spectrum that simulates 

natural daylight, including the UV region. The irradiance is regulated to provide a 

controlled surface temperature, in so far as this can be applied to geotextiles, and the 

relative humidity is also controlled. Surface temperatures are clearly higher than the 

chamber temperature, mean temperature differences are clearly higher than in 

practice and therefore the photo degradation of dark coloured materials is more 

accelerated than the photo degradation of light coloured materials. 
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- Fluorescent UV equipment (ISO 4892-3, ASTM D 7238) uses fluorescent lamps to 

simulate purely the ultraviolet region of natural daylight, the wavelengths ranging from 

300 to 400 nm with a peak at 340 nm. By omitting the visible and infrared radiation 

the specimen remains cooler, such that the surface temperature is equal to the 

testing chamber temperature, i.e. is independent of the colour and thickness.  

This is a disadvantage for the testing of dark coloured materials which show elevated 

surface  temperatures in comparison to light coloured materials in practice.  

Due to the construction of the equipment the area that can be exposed in the 

fluorescent UV test is much greater than in rotating rack xenon arc machines. The 

fluorescent UV test is therefore preferred for geosynthetics. North American and 

European standards exist for this  method and are compared in the following table 

(Hsuan et al 2008): 

Table 3.4 

Standard Irradiance Dry cycle Wet cycle 

  Temperature 

(ºC) 

Duration 

(h) 

Temperature 

(ºC) 

Duration 

(h) 

Application of 

water 

EN 12224 

(geotextiles) 

40 W/m² (total 

50 MJ/m²) from 

300 to 400 nm 

50 ± 3 5 25 ± 3 1 Water spray 

ASTM D 7238 

(geomembranes) 

0.78 W/m².nm at 

340 nm 

75 ± 3 20 60 ± 3 4 Condensation 

 

 

 

 Fig. 3.25 

 Xenon arc equipment  

 (courtesy Materials  

 Technology Ltd.). 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 3.26 

 Fluorescent bulb equipment  

 (courtesy Q-Lab). 
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 Fig. 3.27 

 Fluorescent UV lamps 

 device (courtesy 

 Dr. V. Wachtendorf, BAM 6.6) 

 (On the left view of the opened  

 device the inner space with  

 some exposed specimens and  

 in the door inside the  

 fluorescent lamps can be seen,  

 on the right the enlarged  

 operator controls is shown,  

 which is positioned on the  

 other side wall of the device.) 

 

 

 

 

 

 

In both methods the irradiating conditions and the temperature of the specimen are 

measured and recorded. 

EN 12224 should take about two weeks to complete. 

3.3.8 Requirements on geosynthetics exposed only during installation 

The US federal transportation requirements (AASHTO M288) require that geotextiles have 

70 % retained strength after exposure for 500 h to ASTM D7238. Lack of reproducibility 

between laboratories suggests that this requirement may be too stringent for nonwoven 

materials (Hsuan 2008, quoting Searle and Sandri 2001). Since practically all geotextiles 

and most geomembranes will be covered after installation, the procedure adopted by 

European standards is to limit the time that the geotextiles may be exposed on site 

according to the results of the accelerated weathering test EN 12224, which corresponds 

to approximately one summer month's exposure to solar radiation in southern Europe. In 

reality most commercially available geosynthetics have sufficient protection against the 

ultraviolet to survive a month's Mediterranean sunshine without significant physical 

damage. The maximum exposure times are set out in the following table. 

Table 3.5 

Retained strength after testing to 

EN 12224 

Maximum exposure duration 

(uncovered) during installation 

>80 % 1 month 

60 %-80 % 2 weeks 

<60 % 1 day 

Untested material 1 day 

 

Thus for geotextiles there is no specific life prediction, solely a limit on the time the 

material is permitted to remain exposed on site. The one month duration in the second 

row may be increased to a maximum of four months for climates and seasons less balmy 

than the Mediterranean in summertime to which it refers. RFW, the reduction factor for 
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weathering effects, may be rounded down to 1.00 if the measured ratio is less than 1.05 

or is not statistically significant.  

Note however that long term stabilisers such as phenolic antioxidants, which are needed 

to provide resistance to oxidation in the long term, may be affected by the UV radiation if 

they are not sufficiently protected (Zweifel 1998, Gugumus 1995). The only indication of 

this is a yellowish discoloration for light-coloured geotextiles. Degradation of the stabiliser, 

which will not be detected by the EN 12224 test, can be identified by OIT testing of 

weathered material.  

If appropriate information is not available for one product within a range then it is 

acceptable to use the results for a lighter grade, since this is more likely to be sensitive to 

weathering. Values from heavier grades should not be used. Care should be taken in 

transferring data between coated grades where the effect of weathering is more likely to 

be related to the thickness of the coating than to the strength of the fibres inside it.  

3.3.9 Lifetime prediction for geosynthetics permanently exposed 

3.3.9.1 Extrapolation of measurements on samples taken on site 

This leaves the question of how to assess geosynthetics, particularly geomembranes, 

which are to be exposed to solar radiation for their entire service lifetime. The simplest 

method is to monitor the material in situ, taking samples where possible without 

compromising the application. This has the advantage that the material and conditions of 

exposure are, subject to variations in the weather, those for which the prediction is to be 

made. The problems are that this process is slow, can only be performed once the 

geomembrane has been installed, requires definition of an endpoint (e.g. 10% retention or 

total exhaustion of the antioxidant stabilizer), and that the nonlinear rate of degradation 

leaves it unclear how fast the observed changes will proceed over the future period of 

prediction. 

 

Several authors show graphs of the change in mechanical properties or of OIT with time to 

which a linear or nonlinear curve can be fitted. Rowe and Rimal (2008) show that the OIT 

of a HDPE geomembrane exposed in Canada has reduced from 130 to 50 over 9 years 

and predict a lifetime of 46 years to complete exhaustion of the antioxidants. Hsieh et al 

(2006) illustrate a similar nonlinear degradation. Heibaum (2006) predicts a lifetime of 20 

to 30 years for an exposed HDPE geomembrane provided that it is properly stabilized and 

correctly installed. More problems occur in smaller projects without the same quality of 

design and installation. 

3.3.9.2 Certification of a new material based on experience 

The same provisos and uncertainties exist in the use of data from experience in the 

certification of a new material for a future application. As a minimum, evidence should be 

provided giving full details of the reference project, the date of installation and its location 

and use, together with proof that the product for which a prediction is to be made is 

identical with the existing reference product in all properties that relate to durability. 

Samples for test purposes should be taken from "worst case" locations, for example south 

facing slopes at the water's edge which can be either covered or exposed as the water 

rises and falls. The samples should be tested for tensile strength and elongation and, 

where appropriate as in PP and PE, subjected to OIT. The rates of change can then be 
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related to the prediction in hand including the design life. The problems associated with 

the use of data on similar products are discussed in 3.8.3.  

3.3.9.3 Accelerated testing 

Providing accelerated tests to predict the performance of a geosynthetic has proved to be 

both difficult and controversial. The current situation is that tests to ensure a reasonable 

prediction of lifetime may themselves last longer than five years, far too long for the 

average project to wait. Tests such as EN 12224 can be continued for longer, using as the 

basis for comparison radiant exposure, that is the total amount of UV radiation 

experienced, or the time integral of the spectral irradiance. As mentioned, the 50 MJ/m² 

specified in the index test EN 12224 is believed to simulate one average summer month's 

exposure in Southern Europe. This is about one-sixth of the annual UV radiant exposure. 

Greenwood et al (1996), describing the experimental work on which EN 12224 was based, 

showed that when based on comparable radiant exposures both the xenon and 

fluorescent UV methods of accelerated weathering provided a satisfactory prediction of 

natural weathering, although the prediction tended to be conservative for white geotextiles 

and non-conservative for black ones. Since the test irradiance is about 40 W/m² and 

should be interrupted for one hour in six, the standard test duration is approximately 430 

h or 18 days. To effectively simulate average European conditions on site for a period of 

one year the required test period should be six times this or 2580 h, 3.5 months of 

testing., this would be reduced to about 2000 h or 2.7 months if the radiation source is 

not switched off during the spray cycle.  

Comparison between accelerated and natural weathering based on radiant exposure has 

been shown to be broadly correct, although the error in individual cases can exceed 50 %. 

Temperature, altitude, humidity and the equipment used in real time tests have a 

significant effect on the correlation.  

 

Comparisons quoted by Hsuan et al (2008) suggest that close control of temperature is 

necessary. Comer et al (1998) noted cracking in a fPP geomembrane after 26 years of 

service, and retrospectively showed that this would have been correctly predicted by a 

fluorescent UV test. Heindl et al (2008) provided a detailed comparison of artificial and 

natural weathering of a PP geotextile with different levels of stabilization for exposures of 

up to 180 MJ/m². The comparison between natural weathering and artificial weathering 

was generally good when compared on the basis of radiant exposure, the comparison 

being better with the more severe Mediterranean exposures than with those in Northern 

Europe. If the content of recycled material in geomembranes increases the prediction of 

long-term resistance to weathering it will become even more complicated. Maxwell (2008) 

in a study of exposed and unexposed HDPE taken from wheelie-bins in the UK showed 

that, although the samples had similar properties directly after reprocessing, the samples 

containing exposed polymer degraded more rapidly, presumably due to the presence of 

photo-degraded products. This raises questions of how to test the resistance to 

weathering of geosynthetics containing recycled material.  
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Summary 

When exposed to UV radiation polymers can degrade by photo-oxidation, especially at 

the surface. This leads ultimately to a reduction in strength. 

Heating caused by the whole spectrum of solar radiation accelerates photo-oxidation as 

well as other forms of degradation present.  

Most geosynthetics are exposed to light solar radiation only during storage on site and 

installation. 

Most geosynthetics contain sufficient stabilization to survive this exposure without 

significant loss of strength or loss of long term stabilizers. This can be tested using OIT 

or oxidation resistance methods.  

Geosynthetics which are to be covered in use should be tested according to EN 12224 

or ASTM D 7238. The result indicates the maximum time they may be exposed to solar 

radiation during installation. There is no specific life prediction. 

The lifetime of geosynthetics exposed permanently, such as in reservoirs or canals, is 

more difficult to predict. Methods include: 

- Given sufficient time, samples can be taken on site and changes in key parameters 

such as elongation at break or OIT can be extrapolated into the future. 

- Comparison with experience with a similar material, as described in 3.3.8.2.  

Artificial weathering can be performed using xenon arc or fluorescent UV testing 

equipment according to standard procedures, such as the method of EN 12224 

extended to longer durations, and has so far proved a satisfactory simulation of 

practice, provided that an allowance is made for variability. From examination of 

existing results, a safety factor of two is recommended. Artificial weathering is limited 

by the maximum acceptable temperature of the specimen, restricting the rate of 

acceleration to a factor of 3-4. Tests lasting years are therefore needed to predict 

commercial service lives lasting decades. 

 

 

 Fig. 3.28 

 Surface damage of the PA/ PP 

 (sheath/core) fibres of a  

 nonwoven geotextile after  

 about 3 summer months of  

 natural weathering in Berlin 

 -(damage was caused by  

 UV radiation and acid rain). 
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3.4 Tensile creep 

 

J.H. Greenwood 

3.4.1 Introduction to creep 

One function of a geosynthetic soil reinforcement is to support a soil structure by carrying 

load − load that the soil alone would be unable to carry. There are many others, such as 

supporting embankments over soft soil or over piles. If the reinforcement breaks the 

structure will collapse – possibly with catastrophic consequences. Its ultimate tensile 

strength (UTS) is measured by rapid loading, but the reinforcement may also break 

following a long duration at a lesser load. This is known as creep-rupture, or, less 

commonly, stress-rupture or static fatigue. The higher the load, the shorter the lifetime. 

Design to this failure point is known by civil engineers as ultimate limit state design, and in 

view of its serious consequences much work has gone into predicting the highest load that 

could be applied continuously to the geosynthetic over the course of its design life without 

leading to rupture. 

But polymer geosynthetics do not just break under sufficient load. When load is applied to 

a metal or ceramic at a normal temperature the material will extend a small amount and 

then remain at this length until the load is removed and the material returns to its original 

length. This is referred to as elastic behaviour. Geosynthetics and other plastics, however, 

extend under load and then continue to extend for as long as that load is maintained. If 

the load is removed part of the extension will be regained immediately, following which the 

material will contract, if not necessarily regaining its original length. This is known as 

visco-elastic behaviour or, more commonly, creep. Creep is dependent not only on the 

polymer type and grade, load and temperature, but also on the structure of the 

geosynthetic and on its method of manufacture.  

Creep of the reinforcements could cause a soil structure to slip or sag without total 

collapse. A limit on the acceptable extension is called a serviceability limit state. The 

creep-strain data are used to analyse the total strain which takes place during the design 

life of the structure. The total strain consists of elastic deformation during loading and 

creep elongation during the design life of the structure.  

Typical reinforced embankments are built with slopes steeper than would be possible 

without reinforcement, in which case limited extension of the geosynthetic after 

construction is accepted. In these structures the load on the geosynthetic is regarded as 

remaining constant. In embankments built over soft ground, with reinforcement at the 

base, the load will increase over time, at least until the soil consolidates, but again may be 

taken conservatively as constant. In some instances engineers have tried to prestress a 

geosynthetic (like a steel reinforcement) supporting a wall, bridge abutment or other 

structure. In this case, therefore, there will be no further extension in the material after the 

prestress has been applied. Rather than the geosynthetic extending, the stress in the 

geosynthetic will decrease or relax with time. This is known as stress relaxation. 

Geosynthetic reinforcement layers in reinforced soil walls under operational (serviceability) 

conditions are likely to undergo both creep and stress relaxation simultaneously, 

comprising some extension and some reduction in stress (Allen and Bathurst 2002, 

Kongkitkul et al 2010).  
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Creep also occurs in drainage geosynthetics, but in compression perpendicular to the 

material. The pressure of the soil on the central drainage core will reduce its thickness 

over time, and with it the capacity for water flow in the plane of the material. This is 

discussed separately in chapter 3.5. 

To provide satisfactory design in these applications we need to establish: 

- The time-dependent extension or creep under sustained load 

- The stress relaxation of a prestressed reinforcement 

- The time to failure under sustained load (creep-rupture) 

- For seismic and similar applications, the change in strength and modulus following a 

period under sustained load 

- The dependence of the above on temperature. 

The effects of influences other than load are covered in separate chapters. 

3.4.2 Creep strain 

3.4.2.1 Measurement of creep strain 

In a tensile test a specimen of geosynthetic is gripped and then pulled apart by the 

crosshead of a tensile testing machine moving at a constant, standardised, rate. This is 

known as ramp loading. Load is measured by a load cell in series with the grips, while 

extension is measured over the central part of the specimen, known as the gauge length, 

to exclude any slippage in the grips. The load is generally expressed as a percentage of the 

reference tensile strength, in order to make it easier to transfer measurements from one 

product to another in the same range. The reference tensile strength should be measured 

using the same grips as will be used for the creep testing, and on the same batch of 

material.  

Load is plotted against strain as the solid line in figure 3.29. Test methods are defined by 

ISO 10319 and ASTM D 4595 and D 6637 (note the differences in applied strain rate). 

The inflexion at low loads is peculiar to polyester fibres and is due to a change in the 

relative positions of the side groups that takes place when the polymer chain is strained. It 

is known as the gauche-trans transition and is reversible. 

Suppose that the geosynthetic specimen is loaded only as far as a fixed load, less than the 

rupture strength. The stress-strain curve will be interrupted. Because of creep, however, 

the specimen will continue to extend under the fixed load, tracing a horizontal line on the 

graph. The rate of extension will decrease with time.  

 

 

 Fig. 3.29  

 The left hand line shows the 

  stress-strain plot of a polyester  

 geosynthetic under ramp  

 loading. If loading is interrupted  

 and the load held constant the  

 geosynthetic will continue to  

extend as shown by the red line.  

 After this period there may be  

 a change in the modulus  

 (see section 3.4.5). 
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Tensile creep for a geosynthetic is measured according to the standards ISO 13431 and 

ASTM D 5262, in which a specimen normally 200 mm wide is placed under a constant 

load for a set time, typically 1 000 hours (six weeks) or 10 000 hours (1.14 years), and the 

elongation monitored. Such tests can be performed over a range of loads and if required 

at various temperatures. Specimens should be tested in the direction in which the load will 

be applied in use, held by hydraulic or roller grips. The loads often amount to several 

tonnes and are therefore usually applied by weights operating through a lever. Where the 

loads are particularly high it may be possible to test narrower specimens, but edge effects, 

such as contraction of a nonwoven polypropylene or withdrawal of the weft fibres of a 

woven polyester, mean that these specimens may not behave in the same manner as 

wide ones. For this reason tests should be performed beforehand to demonstrate that the 

specimen width chosen is typical of the wide width geotextile. For geogrids this is not 

generally a problem. A small preload is applied to keep the specimen under tension at the 

start of loading and reduce the uncertainty in defining zero strain, particularly for 

nonwoven materials. Elongation is measured between points separate from the grips, as 

in tensile testing. The extensometers used to measure extension include linear variable 

differential transformers (LVDTs), potentiometer displacement devices, non-contact laser 

measurement, digital image analysis and, for slow creep, manually read dial gauges. A 

typical creep test is shown in progress in figure 3.30. 

Creep is always tested in air. In real applications part of the load will be carried by the soil, 

reducing the load on the geosynthetic, but this cannot be simulated reproducibly in the 

laboratory. Tests in air are reproducible and, as the strain in service will be less, the 

measurements represent the worst-case situation (i.e. result in conservatively safe 

designs).  

Practically all creep measurements are made in one direction only, since in most 

reinforcing applications the load is effectively uniaxial. Biaxial testing is particularly 

complex. In geogrids the creep under biaxial loading would not be expected to differ from 

that measured in each direct independently. In woven materials there would be a greater 

effect due to the effect of crimp in the weave (Greenwood 1990) while the creep strain of 

nonwoven materials under biaxial loading is likely to be considerably less that that 

measured uniaxially. ISO 13431 takes this at least partly into account by the use of 

suitably wide specimens to limit the effect of lateral contraction. 

Typical loads to be used for creep strain measurement are 10%, 20%, 30%, 40% and 

possibly 50% and 60% of tensile strength, though the latter err into the region of creep-

rupture. The minimum duration of index tests should be 1000 h (6 weeks), while tests 

intended for use in design should last up to one year (8760 h) or 10000 h (14 months). 

The standard test temperature is 20 ºC and the relative humidity 65%. 
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 Fig. 3.30 

 Creep testing of a geogrid,  

 using roller (capstan) grips  

 protected with white nonwoven  

 material. Extension is mea- 

 sured between separate hori-  

 zontal aluminium bars using  

 LVDT extensometers. Load is  

 applied by means of calibrated  

 weights through a lever  

 mechanism. The temperature  

 and humidity control equip-  

 ment is behind the creep rig.  

 Photo: ERA Technology Ltd. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4.2.2 Presentation of creep strain 

Creep diagrams show strain plotted against time. The strain is calculated as the 

elongation divided by initial gauge length, as in a tensile test. Time is generally quoted in 

hours and plotted either linearly or as a logarithm, which makes it easier – some would 

say too easy – to predict the behaviour after many years. Note that 1 000 000 h equals 

114 years and is often used as a convenient figure for long-term lifetime of a geosynthetic. 

The data should also be tabulated.  

Loads are generally expressed as a percentage of the reference tensile strength taken 

from rapid constant rate of strain tests described earlier, in order to make it easier to 

transfer measurements from one product to another in the same range. The reference 

tensile strength should be measured using the same grips as will be used for the creep 

testing, and on the same sample of material. To minimise further the effect of material 

variability the specimens used for measuring both strength and creep may be taken from 

the same ribs or fibres in the direction of reinforcement. It is normal to perform creep tests 

over a range of loads as described in section 3.4.2.1 and to plot these on a single 

diagram. Figure 3.31 shows typical creep curves for a polyester geosynthetic. 
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 Fig. 3.31 

 Typical creep curves for a  

 polyester geosynthetic plotted  

 as strain against the logarithm  

 of time (Greenwood et al 2000).  

 At 74% of the reference tensile  

 strength the specimen ruptured  

 after 7 785 h, or 10½ months. 

 

 

 

 

 

 

 

 

 

Creep curves are sometimes divided into three regions: primary, secondary and tertiary. 

Primary creep strains are characteristically linear when plotted against a logarithmic time 

scale, meaning that the rate of creep decreases with time. Secondary creep strains are 

typically linear when plotted against an arithmetic time scale, meaning that the rate of 

creep is constant. Tertiary creep is the rupture phase of creep and is characterized by a 

rapidly increasing creep rate with time. In the primary creep of nonwovens and, to a lesser 

extent, woven materials, rearrangement of the structure of the geosynthetic structure 

contributes to primary creep. Elsewhere creep is governed by the creep of the polymer. 

Polyolefins (HDPE and PP) tend to exhibit all three stages, depending on the load level, 

whereas PET tends to only exhibit primary and tertiary creep. 

This nomenclature has been inherited from the testing of high temperature metals and 

refers to plots of strain time on a linear scale. On a logarithmic scale, as generally used for 

geosynthetics, the appearance of the three regions is completely different (figures. 3.32 

and 3.33). 

 

 

 Fig. 3.32 

 Schematic diagram of strain 

  plotted against time showing  

 the appearance of primary,  

 secondary and tertiary creep. 
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 Fig. 3.33 

 With time on a logarithmic  

 scale showing the difference  

 in appearance of primary,  

 secondary and tertiary creep. 

 

 

 

 

 

 

 

 

In most applications of geosynthetics creep is in the primary stage. It is essential that it 

does not extent into the tertiary stage heralding the approach of rupture. 

3.4.2.3 Typical creep curves 

Figure 3.31 shows four typical creep curves for a polyester geosynthetic plotted as strain 

against time, with time on a logarithmic scale. The loads are indicated as percentages of 

the reference tensile strength. At 22 % of tensile strength the geosynthetic extends by 3 % 

percent on loading and then creeps at an ever decreasing rate. Plotted against the 

logarithm of time, however, this appears almost as a straight line. This is typical of 

polyester reinforced geosynthetics, where the extension on loading is proportionally high 

while the creep after loading is low. In the region of the gauche-trans transition described 

in section 3.4.2.1 the initial strain can be very sensitive to applied load and the creep rate 

can increase for a time until the transition is complete. Low creep rates are also observed 

in polyvinyl alcohol and stiff aramid fibres.  

 

Figure 3.34 shows creep curves for a woven polypropylene, for which the initial strains are 

lower the rates of creep are higher, changing from primary towards secondary and tertiary. 

Figure 3.35 shows curves for an early polyethylene geogrid which show a similar effect. 

 

 

 Fig. 3.34 

 Creep curves for a woven  

 polypropylene  

 (Greenwood et al. 2000). 
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 Fig. 3.35 

 Creep curves for a polyethylene  

 geogrid (Greenwood et al.  

 2000, corrected). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Except where deliberately raised for the purpose of creep acceleration, the temperature of 

testing should be 20°C as stated in ISO 13431. All polymeric materials creep faster at 

higher temperatures, and particularly polyolefins (polypropylenes and polyethylenes) which 

are above their glass transition temperature, θg (see section 3.4.8). One result of this is 

that due to the nonlinear nature of the acceleration the additional elongation that takes 

place on a single hot day will far exceed the reduction in elongation on a correspondingly 

cold day. Another is that variations in temperature are the single greatest contributor to 

the uncertainty of geosynthetic creep strain measurement. 

3.4.2.4 Ramp-and-hold tests 

A frequent problem when presenting creep data from a range of loads is the variability in 

the strain on loading. This is particularly common in polyester reinforcements, where the 

initial strain appears to be highly sensitive to the method of loading and clamp 

arrangement. The creep strain after loading is comparatively reproducible. Isochronous 

curves generated from data with variable initial strains appear irregular and kinked. To 

reduce this effect for a long-term creep test replicate, short-term creep tests called 'ramp-

and-hold' tests are performed at the same load, each lasting no more than an hour. The 

strains at the end of this period, together with the strain of the long-term creep test after 

the same period, are then averaged. The long-term creep data is then shifted up or down 

enabling the long-term creep test plot to pass through this average strain at the same set 

time. In figure 3.36 a long-term creep test has been performed together with two 

additional tests lasting one hour. The data from the long-term creep tests has then been 

shifted upwards to pass through the average of the three strains after one hour. Additional 

ramp-and hold tests will improve the accuracy of the average. 

In using the data it must be remembered that strains measured from the start of 

installation may be subject to this variability in full, since the design engineer has no 

control over how the geosynthetic is to be loaded. Strains measured from the completion 

of construction are not subject to this variability. 
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 Fig. 3.36 

 Creep curve corrected for  

 ramp-and-hold tests. The black  

 line shows the original creep  

 curve. Two supplementary  

 tests (blue, brown) were  

 performed under identical  

 conditions but lasting  

 only one hour.  

 The average of the three creep  

 strains after 1 hour was  

 calculated and the creep curve  

 shifted vertically to pass  

 through this average  

 value (red). 

 

 

 

 

 

 

3.4.2.5 Sherby-Dorn plots 

A Sherby-Dorn plot is a form of presentation borrowed from the creep of high temperature 

metals. In it the rate of creep, on a logarithmic scale, is plotted against strain on a linear 

scale. An example is shown in figure 3.37. The rate of creep should be measured over an 

interval long enough to minimise scatter. Curves that are linear or concave downward 

indicate that only primary creep is occurring and that no rupture is likely. Curves that are 

parallel to the strain (x) axis indicate secondary creep: in figure 3.37 the creep rate 

appears to level out at a constant minimum of between 10-6 and 10-7 h-1. Another example 

is shown in figure 3.38.  

Although not shown here, a curve that is concave upwards would indicate that tertiary 

creep is occurring, and that rupture is likely. The plot can then be used to predict rupture 

when no actual rupture is observed.  

 

 

 Fig. 3.37 

 Sherby-Dorn plot of strain rate  

 plotted against strain for a  

 polyethylene geogrid. 

 Above 12% strain the rate of  

 strain is approximately  

 10-6.5 h-1 (3 × 10-7  

 or 3 × 10-5 % per hour)  

 and appears to be approaching  

 a lower limit  

 (Greenwood et al. 2000). 
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 Fig. 3.38 

 Sherby-Dorn plot from Bathurst 

  et al. (2006). The horizontal  

 sections of the curves at higher  

 loads and strains indicate  

 secondary creep. In this case a  

 strain limit of 6% is set,  

 corresponding to the limit  

 of primary creep. 

 

 

 

 

 

 

 

3.4.2.6 Predicting creep strain by extrapolation 

The design of a reinforced soil structure may include a limit on the acceptable total strain 

during the entire design life, or else on the amount of additional strain following 

construction. In the design this is called the serviceability limit state. This strain will 

depend on the load applied to the reinforcement by the weight of the soil plus the weight 

of any other surface load (e.g. traffic). 

Creep strains are measured over much shorter durations than the expected design life. To 

make predictions for these lifetimes, creep curves can be extended manually, numerically 

or by time-temperature shifting. There is no fundamental law relating creep strain with 

time; most theoretical work on the subject has described the dependence of creep on 

temperature or physical ageing, or secondary creep, while leaving the shape of the primary 

creep curve itself to be fitted empirically. What appears right is still a matter for subjective 

judgment. 

The equation most commonly used to extrapolate creep strain is the power law, which for 

creep appears as: 

 

ε = A + B t n 

 

where ε is strain, t is time and A, B and n are constants to be optimised by use of a routine 

such as Excel Solver. The power law can also be fitted to strain-time data using the Excel 

TREND function. Alternatively, if a plot of creep against the logarithm of time is clearly 

linear, then one can write 

 

ε = C + D log t 

 

where C and D are constants. 
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 Fig. 3.39 

 Creep strain measured over  

 1 000 h for a woven  

 polypropylene. A fitted curve  

 has been calculated on the  

 basis of a power law and  

 extrapolated to 106 h. 

 

 

 

 

 

 

 

 

 

Figure 3.39 shows a power law fitted to creep measurements lasting 1 000 h on a woven 

polypropylene. A power law has been fitted: 

 

ε = 1.78 + 4.44 t 0.0774 

 

The measurements cover a 1 000 h (six week) period. The fit is visibly good. In figure 3.39 

the power law has been used to extrapolate the curve to 1 000 000 h (114 years); after 

100 000 h predicted strain is 12.6% and after 1 000 000 h, 14.7%. To the eye, the 

prediction appears credible. 

In reality, this test was continued for 100 000 h (11 years). In figure 3.40 the power law 

prediction from the first 1000 h is compared with the measurements between 1 000 h 

and 10 000 h. The agreement is good, validating the extrapolation by a factor of ten. 

 

In figure 3.41 the power law prediction from the first 1 000 h is compared with the 

measurements between 10 000 h and 100 000 h. The measured creep strain of 14.3% 

exceeds the predicted value of 12.6%. This is an example (but not a proof) of the general 

rule of thumb that creep tests on polymers may be extrapolated by up to a factor of 10, for 

example from 1 000 to 10 000 h, but beyond that point a precautionary factor should be 

included. More correctly, any prediction should consider the transition from primary to 

secondary and tertiary creep as shown in figure 3.38. In ISO TR 20432 this is taken into 

account by a safety factor (see section 3.7.2.2). No safety factor is specified for creep 

strain, but the level of uncertainty should be regarded as similar. 
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 Fig. 3.40 

 As figure 3.38 but with the  

 measurements extended to  

 10 000 h. The fitted curve is  

 based on measurements  

 taken up to 1 000 h. 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 3.41 

 As figure 3.38, but with the  

 measurements extended  

 to 100 000 h. The fitted  

 curve is that based on the  

 measurements to 1 000 h. 

 

 

 

 

 

 

 

 

 

 

 

 

The following advice applies specifically to the extrapolation of creep strain: 

- Keep theories simple. 

- Do not extrapolate by more than a factor of 10, or if this is unavoidable consider 

applying a safety factor. 

- If possible predict the transition from primary to secondary creep. 

- Perform ramp-and-hold tests to reduce the variability in initial strain. 

- Do not be complacent about logarithmic scales: they can make extrapolation look 

easier than it is. 

- Do not trust computer-generated functions without knowing the basis for them. There 

is no "right" function to describe creep strain. You are the final judge of what is 

acceptable. 
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- Use the thermal shift factors to predict strains at a different reference temperatures 

(3.4.6). 

- Plot the data as isochronous curves (section 3.4.2.10). 

3.4.2.7 Prediction by time-temperature shifting 

Extrapolation by no more than a factor of 10 means that a design life of 100 years will 

require creep measurement lasting 10 years. Since few people have the patience to wait 

this long, such data are rare. In this case accelerated tests will have to be considered, 

particularly those in which creep is accelerated by raising the temperature.  

Temperature acceleration of creep curves uses the established method of time-

temperature superposition of the creep of polymers without direct reference to Arrhenius' 

formula. The procedure is as follows: 

- Perform a series of separate creep tests under the same load but at different 

temperatures, with intervals generally not exceeding 10 ºC. 

- Plot the resulting creep curves on the same diagram as strain against log t.  

- Taking the creep curve at the lowest temperature as the reference temperature, shift 

the creep curves at the higher temperatures along the time axis until they coincide. 

The curves should overlap.  

- The resulting single "master" curve is the predicted long-term creep curve for the 

reference temperature. 

 

 

 Fig. 3.42 

 Creep strain measurements  

 performed on similar  

 specimens under the same  

 load at 20 ºC , 30 ºC and 40 ºC. 

 

 

 

 

 

 

 

 

 

Figure 3.42 shows typical results of creep strain tests on specimens of the same 

polyethylene geogrid at the same load and temperatures of 20 ºC, 30 ºC and 40 ºC. In 

figure 3.43 the results at 30 ºC and 40 ºC tests have been shifted along the time axis until 

they form an extension to the results at 20 ºC. The time has been extended from 1000 h 

to over 1000000 h at which point the predicted strain is 12 %. The shift factors are 

expressed in two ways. At is the amount by which the times are multiplied. at, which is 

more commonly used, is equal to log At and is the amount by which each curve is shifted 

along the logarithmic axis. at should be plotted against temperature where it should form a 

straight line or smooth curve passing through zero at the reference temperature (figure 

3.43).  

Temperature steps of 40 ºC and 60 ºC are more appropriate for polyesters. 
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 Fig. 3.43 

 As figure 3.42, but with the  

 creep curves for 20 ºC, 30 ºC  

 and 40 ºC shifted along the  

 time axis to form a continuous  

 master curve, which provides  

 an extension to the creep  

 curve at 20 ºC. 

 

 

 

 

 

 

 

 

 

 Fig. 3.44 

 Shift factor at for the tempera- 

 tures 20 ºC, 30 ºC and 40 ºC  

 taken from figure 3.43 and  

 plotted against temperature  

 to ensure that they lie on a  

 straight line or smooth curve. 

 

 

 

 

 

 

 

 

If this is done by computer using an optimization utility such as SOLVER in Excel, proceed 

as follow:  

- Assume a power law equation (ε = A + B t n) for the creep curve at 20 ºC 

- Estimate two shift factors a30 and a40 for the horizontal displacement of the 30 ºC and 

40 ºC curves, respectively.  

- Select trial values for a30 and a40. 

- Increase the values of log t for the results at 30 ºC and 40 ºC by adding the 

appropriate shift factor. 

- Select trial values for A, B and n in the power law equation and calculate the predicted 

strains. 

- Tabulate the predicted strains and the actual strain measurements at each point. 

- Calculate the square of each difference and add them to give the sum of squares of 

the errors. 

- Minimize the sum of squares by varying the five constants A, B, n, a30 and a40.  

-  Check that the predicted curve is reasonable: you are the ultimate judge of what is 

acceptable, not the computer 
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When this method is applied to moulded thermoplastics, a correction may have to be 

made for physical ageing, but this can be ignored for oriented polymers as used in 

reinforcing geosynthetics. A more serious problem with geosynthetics, particularly 

polyesters, is the variation in initial strain mentioned earlier. When performing time-

temperature shifting it is strongly advisable to perform ramp-and-hold tests to reduce the 

errors in initial strain. Alternatively the stepped isothermal method can be applied. 

3.4.2.8 The stepped isothermal method (SIM) 

The stepped isothermal method, or SIM, ingeniously avoids the problem of variability in 

initial strain by using a single specimen. The method has now been standardised as ASTM 

D6992:2003 to which reference should be made for a full description. The general 

procedure is as follows: 

- Set up a creep test in the normal way, but within an oven capable of raising the 

temperature within one minute and then maintaining the new temperature to within 

±1 ºC. This will require a good quality thermal controller and a data logger capable of 

monitoring strain, load and temperature for a period of typically 24 h. Strain has to be 

recorded twice a second during the initial loading ramp periods and twice a minute 

during the constant load periods. 

- Apply load and allow the test to continue for approximately 3 h. 

- Increase the temperature and then maintain it to within the required tolerance: a step 

of 7-10 ºC has proved satisfactory for polyethylene and polypropylene while 14 ºC is 

appropriate for polyester.  

- Increase the temperature further in equal steps. The duration at each step should 

ideally be the same, but longer steps are acceptable, for example overnight. 

- Stop at the maximum acceptable temperature: approximately 60 ºC for polyethylene, 

70 ºC for polypropylene and 90 ºC for polyester and similar fibres (i.e. below the glass 

transition temperature unless otherwise validated). 

- Tabulate the results on a spreadsheet and plot as a creep diagram (figure 3.45). 

 

 

 Fig. 3.45 

 Creep data from a single  

 constant load SIM test,  

 plotted as strain against time. 

 

 

 

 

 

 

 

 

 

- Calculate creep modulus, which is load divided by strain. 

- Calculate the time from the beginning of each step. This point can be taken as the 

time at which the new temperature is within 1 ºC of the target. 
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- Plot creep modulus against the logarithm of the time from the beginning of each step 

(log t) (figure 3.46). 

 

 Fig. 3.46 

 Creep modulus plotted against  

 the logarithm of the time  

 following each temperature  

 change individually. 

 

 

 

 

 

 

 

 

 

 

 

- Tabulate the following shift factors for each temperature: 

o Thermal history factor t', to be added to all values of t for that temperature. 

o Thermal shift factor, to be added to log (t + t') for all times at that temperature 

(equivalent to at) 

o Vertical shift factor, to be added to all strains for that temperature. 

- Having included these corrections, plot the adjusted values of creep modulus against 

the shifted values of log t (figure 3.47). 

 

 

 Fig. 3.47 

 The sections of creep modulus 

  curve in figure 3.46 have been  

 corrected using the vertical  

 and thermal history factors  

 and then shifted along the  

 time axis (by the thermal shift  

 factors) to yield one  

 continuous curve. 

 

 

 

 

 

- Optimise the correction factors to yield a smooth master curve with the sections 

measured at the individual temperatures lined up nose-to-tail with minimal 

discontinuities in the strain and gradient. In SIM the sections of creep curve at each 

temperature do not overlap. 

- Calculate the strain from the shifted creep modulus and plot it against log t (figure 

3.48). This is the predicted master curve for a load applied at the reference 

temperature. 
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- To confirm the validity of the process, plot the shift factor against temperature and 

ensure that it follows a straight line or smooth curve passing through zero at the 

reference temperature (figure 3.49). If there is a discontinuity, the shifting procedure 

is invalid. Thermal shift factors for oriented fibres tend to lie between 0.08 and 0.14 

per ºC (Lothspeich and Thornton 2000). This curve is also used if the design 

temperature differs from the reference temperature (see section 3.4.6).  

- Read off the predicted strain at the design life.  

 

 

 Fig. 3.48 

 Predicted creep curve derived  

 from a single constant load  

 SIM test. 

 

 

 

 

 

 

 

 

 

 

 Fig. 3.49 

 Horizontal shift factor at plotted  

 against temperature.  

 The absence of any  

 discontinuity demonstrates  

 that the creep mechanism is  

 the same at all test  

 temperatures. 

 

 

 

 

 

 

If the activation energy is required, for example to understand the physical mechanism 

governing the creep, then it may be calculated from the formula  

 

aT = Ea/2.3036R (1/Θ1-1/Θ2) 

 

where aT is the shift of the creep curve (plotted against the logarithm of time log t) 

between the absolute temperatures Θ1 and Θ2, Ea is the activation energy in J/mol and R is 

the universal constant 8.314 J/mol.K. The numerical factor 2.3036 is necessary to 

change to natural logarithms.  

The high values of shift factor lead to a remarkably high degree of acceleration that assists 

with long-term prediction: a temperature rise of 40 ºC results in a shift factor of about 3.3. 

Time is then multiplied by 103.3 or approximately 2000. A design life of 100 years will 

require a test duration of two and a half weeks. 
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3.4.2.9 Validity of SIM 

SIM has proved a powerful method for providing accelerated creep data. The shift factors 

for oriented fibres are particularly high, typically between 0.08 and 0.12 decades per ºC. 

For polyester fibres the temperature can be raised as high as 90 ºC, since it has been 

shown that the crystalline regions and tie molecules which govern the mechanical 

behaviour are unaffected by the transition in the amorphous material at 70 ºC or below. It 

thus becomes possible to simulate the entire lifetime of a reinforcing geosynthetic in an 

overnight test.  

The validity of SIM to simulate real creep behaviour has been demonstrated for three out 

of four materials by comparison with 12 year tests (Greenwood et al. 2004). It should 

never be forgotten, however, that this is a highly accelerated test and that the critical 

conditions on the validity of accelerated testing apply. 

SIM is valid for extruded polyethylene grids but of less interest, since time-temperature 

shifting can be applied equally to these materials where there is less variability in initial 

strain, and the temperature cannot be raised above 60 ºC.  

Yeo and Hsuan (2008) introduced a modification to the SIM procedure. Instead of 

introducing correction factors t' they plot strain from the time at each temperature step 

took place and then eliminate the section of the creep curve for that temperature that is 

non-equilibrium, i.e. has a different slope. The master curve then has short gaps at each 

temperature step, and the vertical shifts are used to bring the different sections into line. 

This procedure was shown to give improved results for HDPE geogrids at higher strains, as 

judged by agreement with conventional time-temperature shifting and by the activation 

energies, and is recommended for use with polymers whose creep behaviour is unknown. 

For PET geogrids and for HDPE at lower strains the procedure gave results that were 

identical to those derived using the procedure of ASTM D6992. 

Kongkitkul et al (2007a) have modified their three component model to allow for the 

effects of temperature. They predict that creep-rupture curves generated using SIM are 

similar at shorter lifetimes but give longer results from that using the conventional 

approach at very long times.  

3.4.2.10 Presentation of creep data: isochronous curves 

Design codes for reinforced soil may specify a strain limit, such as a maximum total strain 

of 5% or a maximum strain after construction of 2%. These criteria have then to be 

converted to a maximum acceptable load on the geosynthetic and the quantity or grade of 

geosynthetic required. For this purpose the most convenient means of depicting the creep 

data is an isochronous plot which comprises an array of load-strain curves, similar to the 

one obtained from a tensile test, but with each curve representing a different duration. 

Given a set of predicted creep curves for the same material at different loads, for each 

load the strains are read off at chosen durations such as 1 hour, 10 hours, 100 hours, up 

to the design life. These points are then plotted as load against strain (figure 3.50). The 

points corresponding to each elapsed time are then joined. These isochronous curves or 

isochrones pass through the origin and should be similar in shape to the original reference 

load-strain curve but lie to the right of it. 

 

For a maximum acceptable strain of 5% and a lifetime of 100 000 h (black curve) figure 

3.50 shows the maximum acceptable load for this geosynthetic to be 6 kN/m. Note that 

when testing geosynthetics strains are measured from a set preload (defined in 

ISO 10319 and ISO 13431 as 1 % of the reference tensile strength) and that some woven 
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and particularly nonwoven materials may exhibit considerable irreversible strains below 

this initial loading.  

 

 

 Fig. 3.50 

 Isochronous diagram for a  

geosynthetic. The curve marked  

 'Loading' refers to the  

 reference load-strain curve. 

 

 

 

 

 

 

 

If the criterion is for a maximum acceptable strain following construction ('time-dependent' 

or 'in-service' strain) then the duration of construction must be defined. A creep test is 

loaded within less than a minute while on site the maximum load of a geosynthetic may 

not be realised for a month after backfilling commences. As an example, if the maximum 

acceptable 'in-service' strain after 100 000 h is 2%, and 'service' is taken as commencing 

after just 100 hours (4 days), the maximum acceptable load from figure 3.50 would be 

that at which the isochronous lines for these two durations (light green and black curves) 

are separated by no more than 2% strain. This is at a load of approximately 5 kN/m. 

It is clear that during construction the rate of loading is much slower than in a tensile test. 

This method assumes that the strain achieved by rapid loading followed by a period at 

constant load is the same as if that same load had been applied slowly over the same 

period. To define this more precisely, tests would need to be performed at very slow rates 

of strain followed by periods a constant load. 

3.4.3 Creep-rupture 

3.4.3.1 Residual strength 

 

 

 Fig. 3.51 

 Schematic diagram showing  

 the fall-off in residual strength  

 with time when a sustained  

 load is applied to a  

 geosynthetic. Rupture occurs  

 when the residual strength  

 equals the applied load. The  

 creep-rupture curve is the locus  

 joining creep-rupture points  

 corresponding to different  

 applied loads. 

 

 



CUR Building & Infrastructure Report 243 

 

  194 

0

10

20

30

40

50

60

70

80

90

100

1 1
0

1
0

0

1
0

0
0

1
0
0
0
0

1
0

0
0

0
0

1
0

0
0

0
0

0

lo
a

d
 a

s
 %

 t
e

n
s

il
e

 s
tr

e
n

g
th

time (h)

 

Under sustained load the strength of a geosynthetic gradually decreases. At the moment 

when the strength of the specimen has fallen to the point where it equals the applied load, 

the specimen breaks. Up to that moment its strength will have been greater. 

Measurements of this 'residual' strength of samples under sustained load show that they 

retain their original 100% strength over the majority of their lifetime (Voskamp et al 

2001b). Under sustained load, apart from any environmental or installation damage 

effects, strength falls off during a relatively short period before final failure. Sustained load 

is thus a Mode 3 form of degradation (figure 3.5.1). The material effects that lead to this 

relatively sudden fall-off in strength are not understood for all polymers. A model to 

describe the creep behaviour of PET and the sudden fall-off in strength has been 

developed by Voskamp et al (2001a, 2001b, 2006). It describes the changes in the PET 

fibre which take place at molecular chain level during continuous, long term loading. 

Residual strength is important in applications where the function of the geosynthetic is to 

withstand a sudden excess load, such as in seismic design. If the permanent or sustained 

load in the geosynthetic is low compared with the available strength, it may be possible to 

assume that the strength of the geosynthetic is unaffected by the applied load throughout 

the active life of the reinforcement. It may, however, decrease due to environmental or 

other effects. 

3.4.3.2 Measurement of creep-rupture 

 

 

 Fig. 3.52 

 Creep-rupture data with applied  

 load plotted against the  

 logarithm of time to rupture.  

 Each point represents one test  

 taken to rupture. 

 

 

 

 

 

 

 

 

 

Under sustained load there will be a lifetime at which the material ruptures under the 

effect of load alone and for a prescribed design life it is essential that the load is low 

enough to exclude any possibility of rupture. To predict this lifetime requires a creep-

rupture curve, in which the applied load, generally expressed as a percentage of reference 

tensile strength, is plotted against the logarithm of time to failure for that load (figure 

3.52).  

A creep-rupture diagram is the result of a number of separate tests, each of which yields 

one point on the diagram. Each point represents the moment at which, in an individual 

test, a specimen has broken. It is important to recognize that a creep-rupture diagram 

does not depict the loss of strength of a geosynthetic with time under load, though it may 
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appear to do so. It is simply the locus of points each representing the lifetime of a 

specimen under a particular load.  

In view of the scatter of the data − at a single load the time to rupture may vary by as 

much as a factor of ten – ISO/TR 20432 recommends that at least twelve tests are 

performed. There should be at least four different loads. For conventional testing four of 

the test results should have rupture times between 100 hours and 1 000 hours, and four 

of the test results should have rupture times of 1 000 hours to 10 000 hours, with at least 

one additional test result having a rupture time of approximately 10 000 hours (1.14 

years) or more. Since the times to failure can be extremely unpredictable, only nine of the 

twelve rupture times are specified as having to lie within particular limits. Start testing at 

the highest loads in order to estimate the approximate form of the creep-rupture diagram, 

and only then set up the tests intended to last for 10 000 h or more. Record the time to 

rupture electronically, although daily visual observation may suffice for longer tests. 

Observe and record the nature of the failures. 

Although it is customary to measure creep strain in the course of the test, this information 

does not generally help in predicting the time to rupture.  

Tabulate the creep rupture data for the product as load, expressed as a percentage of the 

batch reference tensile strength, and time to rupture in hours. Include incomplete tests 

and tests terminated before rupture ('run-outs'), with the test duration replacing the time 

to rupture, with a note that they were not completed. 

If products from a range are regarded as sufficiently similar then it may be appropriate to 

plot the creep-rupture points from all products on one diagram, each one expressed as a 

percentage of its reference tensile strength. Experience in North America is that that these 

creep rupture curves show no more error than the inherent scatter in the virgin strength of 

the materials (Bathurst et al. 2012). In the United Kingdom one product of a range has 

been taken as the reference material with up to 12 creep-rupture points, to which data 

from the products at the extreme ends of the range are added for comparison. However, in 

some cases the differences have been significant.  

3.4.3.3 Presentation of creep-rupture data 

Creep rupture data should be plotted as load (T), expressed as a percentage of the batch 

reference tensile strength (TB), against the logarithm of the time to rupture in hours (log tR) 

(figure 3.53). This is referred to as a semi-logarithmic plot. Assuming that the points lie 

visibly on a straight line, the best fit straight line, known as the regression line, is fitted as 

follows. y = T/TB or a function of T/TB and x = log tR.  

- Calculate xmean, the mean of all values of x, and ymean, the mean of all values of y, 

excluding any incomplete tests ('run-outs')  

- Calculate Txx = Σ(x - xmean)², Tyy = Σ(y - ymean)² and Txy = Σ(x - xmean) (y - ymean), where the 

summation is over all points 

- Equation of regression line: y = ymean+(Tyy/Txy)(x - xmean) 

- In terms of the original data, y= a – b log tR, , a = ymean - xmean Tyy/Txy and b = Tyy/Txy. 

 

Figure 3.53 shows the creep-rupture data with the regression line added. 
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 Fig. 3.53 

 Creep-rupture data with  

 regression line added. 

 

 

 

 

 

 

 

 

 

 

 

The gradient of the graph equals (Tyy/Txy), should be negative, and is expressed in terms of 

percentage of tensile strength per decade of time (one decade equals the interval 

between log 10 and log 100, or log 100 and log 1 000). Typical values for polyester are 

about -3%/decade, indicating that if the load is reduced by just 3% of the tensile strength 

the lifetime will increase tenfold. The intercept y0 on the line x = 0 (i.e. at log t = 0; t = 1 h) 

is given by y0 = ymean - xmean Tyy/Txy.  

Note that in contrast to most scientific plots, the independent variable (here the applied 

load) is plotted on the y axis while the dependent variable (here the measured time) is 

plotted on the x axis. The formulae that follow therefore differ from those conventionally 

found by having x and y interchanged. If using Excel Slope and Intercept functions, enter 

x= T/TB (or function of T/TB) and y = log tR and plot the graph as log tR against load.  

If there are incomplete tests, repeat the calculation adding the incomplete tests one by 

one. If their inclusion causes σ to increase, retain the test in the calculation. In general 

such points lie to the right of or above the regression line. 

Record the duration of the longest test that has ended in rupture, or the duration of the 

longest incomplete test whose duration has been included in the regression calculation: 

this duration is denoted as tmax. 

 

As an exercise and a check, the data used for the diagrams above is: 

 

Load as percentage of 

tensile strength (%) 

Time to rupture tr (h) log tr 

70.0 9 0.9542 

70.0 13 1.1139 

68.0 16 1.2041 

70.0 70 1.8451 

63.5 210 2.3222 

67.5 363 2.5599 

68.0 365 2.5623 

68.0 435 2.6385 

66.5 463 2.6656 

66.5 627 2.7973 
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Load as percentage of 

tensile strength (%) 

Time to rupture tr (h) log tr 

66.0 625 2.7959 

61.5 790 2.8976 

64.0 1 670 3.2227 

62.5 5 605 3.7486 

61.5 7 791 3.8916 

ymean =  xmean = 

 

Txx = 10.85 

Tyy = 124.9 

Txy = - 29.57 

Gradient Tyy / Txy = -4.225 

Intercept at tr = 1 [log tr = 0] = 76.7. 

 

The straight line is then extrapolated to predict the maximum sustained load which can be 

applied to the geosynthetic without it breaking before the end of its design life. In figure 

3.53 the load corresponding to a design life of 1000000 h (114 years) is 51.4% of the 

tensile strength. The reduction factor RFCR is the inverse (1/51.4% = 1.95). 

If the plot is visibly nonlinear, a curve can be fitted instead of a straight line. Ideally the 

curve should be based on a physical model of the polymer, but there is no general model 

available. Conversely, load can be replaced by a mathematical function of applied load to 

achieve a linear plot: for example the function y = log (T/ TB), resulting in a double 

logarithmic plot, has been shown to yield a straight line for polyethylene and polypropylene 

reinforcements. Use of a straight line plot assists with subsequent statistical analysis 

(Bathurst et al 2012).  

A condition on the extrapolation is that there is no evidence or reason to believe that the 

rupture behaviour will change over this duration. It should be checked that at long 

durations, and at elevated temperatures, if used (see below): 

- there is no abrupt change in the gradient of the creep rupture curve; 

- there is no abrupt change in the strain to failure; 

- there is no significant change in the appearance of the fracture surface of ruptured 

specimens. 

Any evidence of an abrupt change, particularly in accelerated tests, invalidates the 

extrapolation unless it is justified separately. Particular attention is drawn to the ductile-

brittle transition in un-oriented thermoplastics under sustained load such as is observed in 

polyethylene pipes under pressure; if this is likely to occur, reference should be the 

extrapolation methods of ISO 9080:2003. 

3.4.3.4 Lower confidence limit 

BS 8006: 1996 (superseded) required the calculation of the lower confidence limit. This is 

not regarded as representative of the scatter, since the calculation reflects only the 

variability of the batch tested and not that of the entire production. The lower confidence 

limit is the lower branch of a hyperbola (the upper branch is the upper confidence limit) 

which is narrowest at the mean and fans out at longer times, representative of the greater 

degree of uncertainty (figure 3.54). The formula for this, where required, is 

 

y = ymean + (b/K)(x - xmean) – (tσ0/K)√{1 + 1/n + (x - xmean)²/Txx}
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where  

b = Txy/Txx  

K = b² - t² σ0²/Tyy 

n = number of readings  

Txx = Σ(x - xmean) 

Tyy = Σ(y - ymean) 

Txy = Σ(x - xmean) (y - ymean) 

σ0 = √{(Tyy - Txy²/Txx)/(n - 2)} 

t = Student's t for n - 2 (one-sided, stated percentage e.g. 95%: this is equivalent to a two-

sided probability of 90%. The percentages refer to the percentage of measurements above 

the lower limit and the percentage of points between the lower and upper limits 

respectively. The upper limit is calculated using the same formula for y with a positive sign 

before t.σ0. If using Excel, Student's t is represented by the function TINV, followed by the 

two-sided probability level (expressed as the proportion of points outside the limit, thus 

90% above is represented as 10% or 0.1) and the number of degrees of freedom. For the 

above example one would enter TINV(0.1,n – 2).  

Note that this formula takes into account the reversal of x and y as explained in section 

3.4.3.3. 

 

The scatter of the entire production is taken into account by using a characteristic strength 

to calculate design loads in kN/m. The may be based on factory production statistics, or 

the nominal value and tolerance quoted for CE marking. Bathurst et al (2012) confirmed 

this by showing that the coefficient of variation of the ratio of measured to predicted 

geogrid creep-rupture strengths at a design life of 100 000 h was largely captured by (i.e. 

no greater than) the spread in reference tensile strength of these geosynthetic materials. 

This gives confidence that extrapolation of block temperature accelerated tests and SIM 

as described here is a reliable technique.  

 

 

 Fig. 3.54 

 Example of a 95% lower  

 confidence limit. 

 

 

 

 

 

 

 

 

 

 

3.4.3.5 Time-temperature shifting of creep-rupture data 

Creep-rupture regression lines are extended to longer times and lower loads in order to 

yield a design load for the design life. If extrapolation is by more than a factor of ten, which 
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it often is, an additional safety factor will be required. In order to improve the prediction, 

time-temperature shifting is used as for creep strain. 

In conventional time-temperature shifting a number of creep-rupture tests are performed 

at each of a set of temperatures. The points are then shifted along the time axis to 

generate an extended master creep curve for the lowest, reference, temperature. This can 

be done in one of two ways. 

In simple "block" shifting a single shift factor is assigned to each temperature. This factor 

is then added to the logarithm of each rupture time at that temperature (or, if shifting to a 

higher temperature, subtracted). The effect is to shift all points by the same amount, as a 

"block". The equation of the creep-rupture line becomes: 

y= a – b (log tR + aθ) 

 

where aθ is the shift factor of the temperature θ. a, b and aθ can then be calculated by 

optimisation methods (minimising the sum of the squares of differences between the 

calculated and measured values of log tR). 

Figure 3.55 shows rupture points for three sets of tests performed at 20 ºC, 40 ºC and 60 

ºC respectively. These can be shifted along the time axis to give a single master curve for 

the reference temperature of 20ºC, as shown in figure 3.56.  

 

 

 Fig. 3.55 

 Creep-rupture points for  

 three temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 3.56 

 Master diagram for 20 ºC 

  generated by shifting the  

 points in figure 3.55 along the  

 time axis. The design load for  

 1 000 000 h at 20 ºC is 56.9%  

 of reference tensile strength. 
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Temperature shift factors may also be derived by performing pairs of tests at identical 

loads (each expressed as a percentage of the local strength) but at different temperatures 

and comparing the times required to achieve either rupture or a set strain, the latter being 

usually the more precise (M. Dobie, personal communication). 

 

Alternatively Zhurkov's equation can be used, also known as the Bueche-Zhurkov equation 

(Zhurkov 1965). This has the advantage of a scientific basis since it treats creep-rupture 

as a thermally activated mechanism modified by the presence of the applied load: 

 

tR = A0.exp[(E-TV)/Rθ] 

 

where tR is the time to rupture, T is the applied load, V is the coefficient of load with the 

units of volume, E is the activation energy, θ is temperature, R the universal constant 

8.314 J/mol.K and A0 is a constant as in Arrhenius' equation (see chapter 2.3). Taking 

logarithms of both sides, 

 

ln tR = ln A0 + E/Rθ – TV/Rθ 

 

Generate an optimal creep-rupture curve by inserting nominal values for ln A0, E and V, list 

the calculated and measured values of ln tR, calculate the squares of the differences 

between these values, sum the squares, and use a procedure such as Excel Solver to 

minimize this sum by finding appropriate values of ln A0, E and V. Figure 3.57 shows the 

optimized creep-rupture curves for the three temperatures, which converge lightly to the 

left. The design load for 20 ºC is 54.7% of the reference tensile strength and RFCR = 

1/54.7% = 1.83. 

 

 

 Fig. 3.57 

 Creep-rupture curves gene-  

 rated by fitting the points in  

 figure 3.54 to Zhurkov's  

 equation. The design load for  

 1 000 000 h at 20 ºC is 54.9%  

 of tensile strength. 

 

 

 

 

 

 

 

 

 

Either method of time-temperature shifting can be used to derive the creep-rupture curve 

for a temperature other than the minimum test temperature, although Zhurkov's formula 

is the most convenient, requires no subjective shifting, and has the justification of being 

based on a simple physical model. The data in figure 3.57 give design loads for 1 000 000 
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h of 54.9 % of tensile strength for 20 ºC, 52.3% for 30 ºC, 49.9% for 40 ºC and 45.2% for 

60 ºC. 

SIM is also frequently used to generate creep-rupture points on an accelerated timescale. 

A test is performed exactly as described in section 3.4.2.7 but extended until rupture 

occurs. The shifted time is then calculated using the same procedure as for creep strain, 

in fact the measured rupture time depends entirely on correct shifting of the strain data. 

As in conventional testing, each test generates just one creep-rupture point.  

ISO TR 20432 recommends the following rules for combining SIM and conventional test 

data that for the calculation of RFCR. There should be at least six conventional tests, of 

which four should rupture between 100 and 10 000 h and one after more than 10 000 h, 

and six SIM tests, of which three should have rupture times between 1 000 and 100 000 

h and three between 100 000 and 10 000 000 h. Regression lines should be derived for 

each method and RFCR calculated for times of 2 000 and 10 000 h. The two values of RFCR 

at 2 000 h may differ by no more than 0.15 and the same applies to two values of RFCR at 

10 000 h. If these conditions are satisfied then all the results may be combined to give a 

regression line. If not, then SIM cannot be regarded as providing a valid acceleration for 

creep. An example database of RFCR values deduced from SIM testing reported in the open 

literature can be found in the paper by Bathurst et al (2012).  

3.4.3.6 Alternative methods for measuring creep-rupture 

Some US methods allow the design load to be derived by extrapolating the time to 10% 

strain instead of the time to rupture, thereby eliminating the need to wait until rupture 

occurs. Since the strains at rupture generally exceed 10% this will yield a conservative 

result, but makes the assumption that the strain to failure will not decrease with time to 

the point at which it is less than 10% for the required design life. While such a method 

would be unacceptable for isotropic polymers with a ductile-brittle transition, it is more 

than likely to be conservative for reinforcing geosynthetics. 

Koo et al. (2008), in work based on a range of SIM tests, have used a 1% time-dependent 

strain instead of the 10% total strain to derive a long-term design strength. Similarly, for 

an extruded polyethylene geogrid Wrigley and Zheng (2008) have measured the duration 

after which there is a change in gradient of the strain/log time graph [dε/d(log t)] for each 

load. They have extrapolated the resulting load/log time characteristic in the same 

manner as for conventional creep-rupture.  

McGown Khan and Kupec (2004a, 2004b, 2004c) address the problem of predicting the 

strain response to a history of variable loads and temperatures. They define an 

isochronous strain energy, being the area under the isochronous curve for a defined load, 

temperature and time, a measurement that is taken from relatively short term tests. This 

energy is then plotted against time and extrapolated to predict lifetimes under various 

end-of life criteria based on a limiting strain. 

3.4.4 Stress-relaxation 

Stress relaxation is the counterpart to creep. A geosynthetic will continue to creep only if 

the load is maintained and if the geosynthetic is free to extend. Thus the soil structure 

must extend with it. If the structure cannot move, for example if the geosynthetic is 

prestressed between two anchors, the geosynthetic keeps its original length and shape 

but the prestress relaxes. If the soil surrounding a reinforcement stops moving the 

prestress in the geosynthetic will relax.  
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If a sudden additional load occurs, for example an earthquake or an exceptional load, then 

the remaining prestress in the geosynthetic will prevent movement of the soil or anchor 

provided that the additional load does not exceed the prestress. As the prestress relaxes, 

so does the capacity of the geosynthetic to resist sudden loads diminishes.  

Figure 3.58 shows the load-strain curve of a geosynthetic and, superimposed, the load-

strain curve of a test which has been interrupted and allowed to relax with time.  

 

 

 Fig. 3.58 

 Relaxation curve superimposed  

 on the load-strain curve of a  

 geosynthetic. 

 

 

 

 

 

 

 

 

 

Although creep and relaxation are different mechanisms in detail, they follow similar 

patterns. Materials which creep less also relax less.  

To measure stress relaxation a specimen of material is stretched to the required strain as 

for a creep test, but then not allowed to move. This requires rigid clamp grips, a rigid 

framework and a very stiff load cell, and for this reason the measurement is not frequently 

performed. 

It is simpler to estimate the stress relaxation from the creep isochronous lines. A vertical 

line drawn at the appropriate strain level will provide an estimate of stress relaxation that, 

if not perfect, is sufficient for design (figure 3.59) (Greenwood 1990, Walters et al. 2002). 

This can be used to determine, for example, whether the load in the geosynthetic remains 

above a given level throughout the design life. In figure 3.59 it is assumed that the strain 

in the geosynthetic at the end of construction, which is taken as the 100 h isochronous 

line, is 10% and the load correspondingly 19.5 kN/m. After a lifetime of 1000000 h, 

however, the remaining stress in the geosynthetic is predicted be 10 kN/m. Figure 3.60 

depicts the reduction in prestress. This model is a simplified approximation: a more 

detailed analysis requires a more sophisticated model of material behaviour. This is 

explained in the following section. 

 

 

 Fig. 3.59 

 Relaxation line on isochronous  

 diagram. If the strain is 10%  

 after 100 hours and no further 

  movement is allowed, the load  

 is predicted to fall along  

 the vertical line from  

 19.5 kN/m to  

 10 kN/m after 1 000 000 h. 
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 Fig. 3.60 

 Schematic example of  

 relaxation in stress in the  

 geosynthetic in figure 3.59. 

 

 

 

 

 

 

 

 

3.4.5 Modulus following sustained loading: seismic design 

The creep tests described, and the isochronous diagram that depicts the resulting strain, 

apply only to sustained loading and, as an approximation, to stress relaxation. They say 

nothing about the behaviour of the material afterwards. 

So far we have considered creep strain under sustained load, creep-rupture and stress 

relaxation. We have also noted that the original strength is retained until shortly before its 

predicted creep-rupture lifetime (figure 3.51) (Greenwood 1997). 

What happens, however, if a geosynthetic that has been under load for a period is then 

subject to a higher or a dynamic load? This is particularly important for seismic design, 

where the questions asked of a geosynthetic under sustained load are: 

- How will the geosynthetic respond to the dynamic loading of an earthquake? 

- How strong is the geosynthetic under rapid loading?  

Understandably it is Japanese authors who have most interest in this and who have 

measured these properties in detail (Hirakawa et al. 2003, Kongkitkul et al 2004, 2007a, 

2007b, 2010).  

 

They found that: 

- Provided that the geosynthetic is not close to creep-rupture, its strength is 

independent of its creep or dynamic loading history and depends solely on the rate of 

loading. 

- The instantaneous stiffness bears no relation to the isochronous curves but is equal 

to, or even greater than, its initial value at the corresponding strain rate. This effect 

has also been observed by Voskamp (2001b, 2006) and is illustrated in figure 3.62 . 

- If monotonic (ramp) loading is interrupted by a period of creep or dynamic loading and 

is then resumed, the strain will revert towards the original load-strain curve. Seen in 

this way, creep strain does not count as irreversible degradation but more as a 

reversible change of state.  

Note also that the rate of loading of a geosynthetic during a seismic event is much higher 

than the rate of loading in conventional reference tensile test protocols. Consequently the 

stiffness of the geosynthetic is greater. This is more pronounced for drawn polyolefin 

geogrids than for polyester geogrids (Bathurst and Cai 1994).  
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 Fig. 3.61 

 Loading path during creep tests,  

 with phase 2 as continuous 

  loading path. Phase 1 and 2  

 cover the initial loading and  

 creep phase. Phase 3 and 4  

 are the unloading and loading  

 phase up to break. These last  

 phases equal a stress strain  

 curve with an origin at 2% 

 (Voskamp and  

 Van Vliet 2001a). 

 

 

 

 

 Fig. 3.62 

 Tensile-load strain relationship 

  for HDPE geogrid (Kongkitkul  

 et al 2004). 

 

 

 

 

 

 

 

 

 

Figures. 3.61 and 3.62 show the stress-strain behavior of a geosynthetic subjected to a 

sequence of a) monotonic loading b) creep c) dynamic loading d) monotonic loading. Note 

that the stiffness (gradient) of the dynamic loading is greater than would be expected from 

the original stress-strain curve, and that in the final monotonic loading the curve 

approaches that which would have been reached had the original monotonic loading not 

been interrupted. 

Hirakawa et al (2003) have set out a mathematical model to describe this behaviour. 

Following the methodology for soils rather than for polymers, the load is split into 'inviscid' 

and viscous components acting in parallel. The inviscid contribution to the load is 

proportional to the 'irreversible' strain ir. For most polymers the viscous component is 

proportional to ir multiplied by a function of the rate at which it changes with time, dir/dt. 

The viscous behaviour is characterised by the proportional change in load following a 

change in strain rate, the constant of proportionality  lying between 0.07 and 0.16 for a 

wide range of materials. 

During monotonic loading both the inviscid and viscous components contribute. Under 

sustained load the response is viscous, while under dynamic loading the principal strain 

response is inviscid, with a smaller viscous element which causes a gradual increase in 

mean strain. The model has successfully described the behaviour of different polymer 

geosynthetics under complex loading patterns. 
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The authors have proposed an alternative method for predicting creep-rupture based on 

this model and considering simultaneous environmental degradation and sustained load, 

but assuming a constant strain at rupture. This method indicates that the simple reduction 

factor approach is conservative (Kongkitkul et al 2007b). 

3.4.6 The effect of temperature on creep strain and creep-rupture  

Conventional creep testing is performed at 20 ºC, and therefore most conventional time-

temperature shifting and SIM is referred to that temperature. The design temperature may 

however be different, for example 30 ºC or even higher near the surface in tropical 

climates or 10 ºC at depth in Northern Europe. The actual temperature will fluctuate, but 

since higher temperatures will accelerate creep to a greater extent than low temperatures 

will retard it, North American practice is to take the design temperature as halfway 

between the average yearly air temperature and the normal daily air temperature for the 

warmest month at the wall site (WSDOT 2005, AASHTO 2010). An advantage of time-

temperature shifting and SIM is that creep strain can be predicted for different design 

temperatures by reading off the appropriate shift factor.  

For example, figure 3.49 shows the thermal shift factor plotted against temperature. If the 

design temperature is 27 ºC the thermal shift factor can be read off as equal to 0.7 which 

should then be deducted from the logarithms of the times on the master curve. The times 

themselves are then divided by 100.7 or 5.0; the predicted strain for 1 000 000 h at 20 ºC 

becomes that for 500 000 h at 27 ºC, i.e. creep proceeds faster at 27 ºC. Extrapolation to 

5 000 000 h would be necessary to predict the strain after 1 000 000 h at 27 ºC. If the 

design temperature is 10 ºC, figure 3.49 can be extended to give a shift factor of -1.0 and 

the times are then divided by 10-1 or multiplied by 10+1 = 10. In this case creep proceeds 

more slowly. The strain for 1 000 000 h at 20 ºC becomes that for 10 000 000 h at 10 ºC 

and the strain after 1 000 000 h at 10 ºC is that predicted for 100 000 h at 20 ºC. 

Creep-rupture data can be shifted in a similar way and an example is given in section 

3.7.2.2. 

3.4.7 Effect of the environment and soil on creep strain  

Creep strain is generally insensitive to limited weathering, chemical and biological effects. 

In addition, creep strains are in general not affected by installation damage, unless the 

damage is severe, or unless the load level applied is very near the creep limit of the 

undamaged material. In most cases, the load level applied is well below the creep limit of 

the material. See Allen and Bathurst (1996) for additional details on this issue. Thus, no 

further adjustment is generally required beyond the effect of temperature. 

Note, however, that artificially contaminated soils may contain chemicals, such as organic 

fuels and solvents, which can affect the creep of geosynthetics, particularly polyolefins. If 

necessary, perform a short-term creep test on a sample of geosynthetic that is immersed 

in the chemical or has just been removed from it. If the creep strain is significantly 

different, do not use this geosynthetic in this soil. 

Allen and Bathurst (Allen et al. 2003, Bathurst et al. 2005) collected data on reinforced 

walls and noted that reinforcement strains were generally less than 3%, that the rate of 

creep decreased with time, that there was no sign of failure in the backfill and that post-

construction deformation was less than 30 mm in the first 10 000 h. Many other papers 

report that the strains measured are considerably less than those calculated in design, 
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because at low strain less than about 3% part of the load is supported by the soil itself. 

They are also well below the level at which failure could take place. The effect of the soil is 

particularly marked for nonwovens. The soil is capable of taking a small tensile stress and 

much larger shear and compressive stresses, reducing the load on the geosynthetics. 

However, direct testing of creep in soil has proved unrepresentative and frequently 

influenced by the apparatus used. Creep measurements made in air are reproducible and 

representative but are necessarily conservative. Finally, where comparisons between in-

soil and in-air creep measurements have been attempted there is evidence that the in-soil 

creep is never greater than in-air creep for the same tensile load and hence creep data 

used from in-air tests will always lead to safe design outcomes (Walters et al 2002).  

3.4.8 Material effects in creep and relaxation 

Creep in polymers is due to a slow rearrangement of the polymer chains, and at high loads 

to a successive breakage of bonds. Most polymers used in geosynthetics are semi-

crystalline, and when loaded the crystalline areas remain largely unchanged.  

Rearrangement occurs in the amorphous regions. At the glass transition temperature θg 

these amorphous regions change from a glassy to a rubbery state. Although the overall 

integrity of the polymer is maintained by the crystalline regions and the 'tie' molecules that 

join them across the amorphous regions, creep is more pronounced and more 

temperature-sensitive in polymers such as polyethylene and polypropylene which are used 

above θg than in those such as polyester which are used below θg.  

In polyester fibres ramp loading causes the ester groups in the polymer chain to change 

their local arrangement, resulting in a temporary reduction in stiffness and in the 

characteristic S-shaped (sigmoidal) stress-strain curve (see figure 3.29). This process of 

rearrangement continues even if ramp loading is interrupted, leading to a higher creep 

rate in this region followed by an increased stiffness as described in 3.4.5. 

In the above methods rupture may occur preferentially at the nodes and joints within the 

structure of the geosynthetic, particularly in a geogrid. This is taken into account by 

specifying that a representative number lie within the gauge length used for 

measurement. The connections between the geosynthetic and a wall or other fixture are 

not considered, although it may be appropriate to add a reduction factor as in the German 

system (see chapter 3.7). 

Extruded polyethylene geogrids are manufactured by stretching a perforated sheet. The 

material between the perforations is stretched into ribs in which the material is highly 

oriented and joined by thicker 'nodes' where there is only light orientation. The creep of 

these geogrids includes a continuation of this drawing process at the transition zone 

between node and rib, and rupture, if it occurs, typically takes place in this zone.  

In the above creep and creep-rupture are considered as purely mechanical effects 

independent of the chemical degradation that may be taking place at the same time. No 

work has been carried out on the synergy of chemical and mechanical degradation. Only 

Zhurkov's formula (see section 3.4.3.5) assumes that breakage of chemical bonds may be 

a thermally activated effect accelerated by the presence of stress. This is a subject for 

future research.  
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Summary 

- Measurements of tensile creep are required for many reinforcing applications.  

- Creep strain refers to the elongation under load, the requirement being generally a 

maximum acceptable strain or a maximum strain following construction. 

- Because of the long lifetimes creep data have to be derived by extrapolation or by 

performing accelerated tests. A typical set of tests would be at 10%, 20%, 30% and 

40% of tensile strength lasting 1000 h for index testing and 10000 h for design. 

The latter should be supplemented by accelerated tests such as SIM.  

- Creep in a reinforced structure can only occur if the geosynthetic is free to extend. 

If its dimensions are fixed it will undergo stress relaxation, or a reduction in 

prestress, which can be predicted from creep measurements. In many reinforcing 

applications the geosynthetic experiences a combination of both effects. 

- Creep strain is sensitive to temperature but not to other environmental effects. 

Temperature provides the principal means of acceleration. 

- At higher loads sustained loading can lead to creep-rupture, the consequence of 

which could be catastrophic. To predict the maximum load which will not lead to 

rupture during the design life of the geosynthetic it is necessary to perform at least 

twelve tests over a range of high loads to derive the relation between load and 

time to failure, and then extrapolate this to the design life. Accelerated tests can 

assist with this.  

- The result is expressed as a reduction factor (RFCR) for a specific design life and 

temperature, which can then be combined with factors representing the effects of 

damage, weathering and the environment. 

- Following a period of sustained or dynamic loading the stiffness of a geosynthetic 

can increase. The residual strength does not change until shortly before the creep-

rupture lifetime. These effects are important for seismic design. 
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3.5 Compressive creep 

 

J.H. Greenwood 

3.5.1 Drainage geosynthetics 

As introduced in chapter 2.1, the purpose of drainage geosynthetics is to allow water or, in 

the case of landfill, leachate, to separate from the soil and to flow through the 

geosynthetic into a pipe or channel at its edge. They provide an economical replacement 

for the traditional layers of coarse gravel. Examples are shown in Figures. 3.63 and 3.64. 

 

 

 Fig. 3.63 

 Example of a drainage  

 composite laid horizontally. 

 

 

 

 

 Fig. 3.64 

 Example of a drainage  

 composite laid vertically, in this  

 figure a Prefabricated  

 Vertical Drain (PVD) which  

 transports the water from the  

 soil to the surface. In a vertical  

 drainage mat, e.g. behind a  

 wall the water flows to the  

 bottomdrainage pipe. 

 

 

 

For two-sided drainage the geosynthetic will consist of two sheets of nonwoven fabric 

separated by an openwork core (Geospacer), to which the nonwoven sheets are heat 

bonded or sewn. For one-sided or basal drainage it will consist of one sheet of permeable 

nonwoven and one sheet of impermeable geomembrane separated in the same way. The 

nonwoven sheets act as filters, stopping soil particles from entering the core, while the 

core allows the remaining liquid drain laterally. It can also increase the friction between 

itself and a geomembrane. All kinds of shapes and materials are used to form the 

geospacer: for example networks of stiff randomly oriented fibres, geonets and corrugated 

or embossed thermoplastic sheets.  

Some drainage materials are intended only to drain the soil following installation and are 

then redundant. These applications do not concern us. In civil engineering structures such 

as road embankments the planned lifetime of the structure can be as much as one 

hundred years. In landfill applications drainage geosynthetics are used both at the bottom, 

to drain leachate emanating from the waste material, and at the top, to divert and collect 

surface water. These functions continue throughout the design life of the landfill, which 

may be planned at several hundred years. 
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The hydraulic design of these drainage layers, necessary to ensure that the layer has 

sufficient capacity to provide drainage at each location across its area, is described in 

detail by Giroud et al. (2000a). With regard to long-term durability it is obvious that the 

geosynthetic must retain its flow capacity, which can be compromised by the following 

factors: 

- Instantaneous compression of the core 

- Instantaneous intrusion of the filter into the core 

- Time-dependent compression of the core (creep) 

- Time-dependent intrusion of the filter into the core 

- Chemical degradation of the core 

- Clogging due to fine soil particles that penetrate the filter 

- Clogging by biological growth or root penetration. 

 

We must assume that the first two instantaneous factors have been taken into account in 

the initial design, given that the initial testing has been performed under suitably 

representative conditions. Giroud et al. mention a 'seating time'. In this chapter we shall 

consider time-dependent creep and intrusion. These, together with chemical degradation 

and clogging, lead to a series of reduction factors which will be described in chapter 3.7. 

 

The slow compression of the drainage geosynthetic due to the pressure of the soil can 

lead to: 

- Reduction in thickness, leading to reduction in the rate of flow 

- Intrusion of the filter with similar results 

- Collapse of the core which will prevent flow dramatically.  

These are described further in the following sections. 

3.5.2 Measurement of compressive creep strain 

The slow reduction in thickness can be measured in a similar way to tensile creep and 

extrapolated to longer durations. A minimum acceptable thickness will be set based on the 

requirements of flow. 

Time-dependent intrusion is more difficult to quantify. To simulate the behaviour in soft 

soils one can place the geosynthetic between sheets of foam which will intrude into the 

open spaces in the core. This again has to be related to the reduction in flow capacity and 

thence to design life.  

In the simple compression test creep strain is measured by placing a square of the 

drainage material between two flat plates, applying a controlled pressure and measuring 

the change in the separation of the plates by means of sensitive extensometers attached 

to them. Details are given in ISO 25619-1 (formerly EN 1897). At small loads creep in 

compression is similar to that in tension: there is an initial elastic reduction in thickness 

followed by a further reduction with time. The rate of creep reduces with time and is 

generally plotted as percentage compression (with zero at the top of the diagram) or 

relative thickness (100% minus percentage compression) against log (time) (figure 3.65). 

Different geospacers have different mechanical, flow and creep characteristics which 

should be taken into account during selection. 
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 Fig. 3.65 

 Creep of a drainage composite  

 at four different loads. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Straight lines or curves can be fitted to diagrams such as those in Fig 3.65. In theory it 

would be more appropriate to fit a function which approximates to zero at infinite time, 

unlike a straight line which will cross the axis and predict negative strains. Müller et al 

(2008) predicted an increase in gradient of dε/d (log t) at longer times for some materials. 

In reality the acceptable thickness is unlikely to be less than half the original thickness, so 

that such refinements can be neglected. 

 

 

 Fig. 3.66 

 Testing compressive creep with  

 the aid of SIM (courtesy ERA  

 Technology Ltd). 

 

 

 

 

 

 

 

 

 

 

 

 

Temperature can be used to accelerate compressive creep in the same way as tensile 

creep, including the stepped isothermal method (SIM) which has been standardized as 

ASTM D 7361 (Narejo and Allen 2004) (figure 3.66). SIM results can therefore also be 

used to predict the compressive creep performance at temperatures other than room 

temperature.  
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Greenwood and Young (2008) discuss the application of SIM in compression and note the 

following: 

- The small thickness requires sensitive extensometry attached directly to the loading 

plates. Specimens can be stacked on top of each other to increase the thickness 

provided that they do not project into one another. 

- Elimination of physical ageing requires that the material, particularly the core, should 

be more than one month old. 

- A polyethylene core limits the maximum temperature to around 60 ºC. 

- The thermal mass of the compression plates substantially increases the time taken for 

the system to stabilize following a temperature step. Fins, similar to the cooling fins 

used in car engines and electrical motors, can be used to improve the heat transfer to 

the platens. Even better, heated platens ensure a rapid change in temperature across 

the whole 100 mm square cross-section.  

- Some practice is required to optimize the procedure. The choice of shift factor can vary 

from one operator to the next: using the same procedure but different people to 

evaluate the results there was a standard deviation of 0.4% strain (95% confidence 

limit 0.8% strain).  

 

Compressive creep also occurs in expanded polystyrene. While not directly related to the 

life prediction of geosynthetics, further information is given by Yeo and Hsuan (2006, 

2008). 

3.5.3 Relation between compression thickness and flow 

 

 

 Fig. 3.67 

 Example of relation between  

 flow rate and compressive  

 stress. With r=rigid bedding,  

 f=soft bedding  

 (Böttcher 2006). 

 

 

 

 

 

 

 

A typical drainage geosynthetic will be designed to collect liquid over a certain area and 

then to release it at one edge into a linear pipe or drain. The depth of the liquid will 

therefore increase toward the drainage edge at which point it reaches a maximum and 

then falls off rapidly. If the thickness of the geosynthetic is less than the maximum depth 

of the liquid it will constrict the flow. The minimum acceptable thickness could therefore 

be set equal to this maximum. For a detailed calculation of the flow characteristics see 

Giroud et al. (2000b). 

One procedure is therefore to predict the thickness at the end of the design life by 

extrapolation of the compressive strain, and then to measure the flow capacity of 
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specimens compressed to the same thickness (Müller et al 2008). The effect of soft 

bedding can be added by using appropriate plates when measuring flow capacity or, when 

this is not appropriate, by multiplying the ratio of initial flow capacities measured using the 

standard method with and without soft bedding. The change in flow capacity can also be 

expressed as a reduction factor in the same manner as for reinforcements in tension, and 

can then be combined with other ageing effects.  

Böttcher (2006) performed long-term compressive tests using soft bedding and removed 

the samples from time to time to measure the changes in flow capacity, as shown in figure 

3.67 soft bedding can have a critical effect on reducing the flow capacity.  

3.5.4 Predicting collapse 

 

 

 Fig. 3.68 

 Collapse of a core. 

 Top: before start of the test.  

 Bottom, result after a  

 compression of 420 kPa,  

 core partly collapsed,  

 discharge capacity still present 

 (courtesy Colbond bv.). 

 

 

 

 

Some types of core can collapse or become unstable after a certain length of time under 

high compressive loads (figure 3.68). The load-deformation-curve of a short-term test 

according to EN 25619-2 shows the probability of collapse. The time to collapse at longer 

durations or, conversely, the highest load that would not lead to collapse over the design 

life, can be predicted in the same way as predicting time to failure of a reinforcement in 

tension (creep-rupture) in chapter 3.4. The equipment is similar to that in ISO 25619-1. 

The time to collapse is measured at high loads, if necessary accelerated by using SIM, and 

a relation established between applied load and time to collapse. This can be extrapolated 

to give the maximum compressive load for a given design life. 

 

 

 Fig. 3.69 

 Diagram of the thickness and 

  the discharge capacity, plotted  

 against the compressive load,  

 the blue lines show the  

 discharge capacity vs. the  

 vertical pressure for various  

 hydraulic gradients (i);  

 the black line shows the  

 thickness of the drainage  

 mat vs. the vertical pressure  

 (on the horizontal scale). 
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This tendency to collapse depends on the physical structure of the core. One can also 

assume that collapse will commence, if only slowly, once the core has reached a certain 

critical thickness: the advantage of this approach is that this can be predicted more easily 

from creep strain curves without having to perform accelerated collapse tests. This 

approach disregards the additional effects of ageing and temperature, both of which must 

be considered in long-term prediction (Zanzinger 2008). 

 

Since collapse will cause dramatic reduction of the flow its effects cannot be taken into 

account by a reduction factor applied to the flow capacity. In design the material must be 

selected to withstand the anticipated pressure of the soil over the entire design life, with 

an appropriate safety factor to allow for the uncertainty in prediction. 

3.5.5 The effect of shear 

Where the soil pressure is hydrostatic or perpendicular to plane of the drainage 

geosynthetic there is no shear force on it. If not, a shear component is added to the 

compressive force, a particular case being the sloping side of a landfill where the vertical 

pressure divides into compression proper perpendicular to the sloping surface and a shear 

force parallel to the slope. Addition of shear to the compressive load can cause a change 

in the rate of compressive creep, but its principal effect is on creep collapse.  

Shear forces can distort or roll the core or can lead to separation of core from nonwoven. 

Some cores are more sensitive than others. The geosynthetic should be tested firstly in 

simple compression and then in compression with the addition of shear. 

 

Two methods are used to measure the effect of shear: 

- Application of a lateral force to the upper compressive plate, with freedom for the 

plate to move sideways. The ratio of shear to compressive load can be adjusted by 

choosing the lateral force. 

- Compression between two inclined wedges, the tangent of whose angle gives the ratio 

of shear to compressive load. The sample must not be allowed to slip, either by 

ensuring sufficient friction or by a mechanical bond. The ratio of shear to compressive 

load can be adjusted by choosing wedges of different angles. 

 

These methods are illustrated in figures. 3.70 and 3.71. 

 

 

 Fig. 3.70 

 Equipment for measuring the 

  combined effect of shear and  

 compression on a drainage 

  geosynthetic by adding a  

 lateral force. 

 

 

 

 

 

 



CUR Building & Infrastructure Report 243 

 

 217 

 

 

 Fig. 3.71 

 Schematic diagram of equip- 

 ment for measuring the  

 combined effect of shear and  

 compression on a drainage  

 geosynthetic by using inclined  

 wedges, Müller 2006. 

 

 

 

 

 

 

 

 

Multiple tests must be performed to establish the relation between compressive load, 

shear load and time to collapse. This relation can then be extrapolated to the design life. 

Müller et al. (2008) provide a comprehensive description of measurements of 

compressive stress, flow capacity, collapse and the effects of shear and temperature. They 

used wedges to give shear: compressive ratios of 1:2.5 and 1:3, with friction plates on 

both wedges, and immersion in water up to 80 ºC. Their materials had a nonwoven on the 

upper surface and a geomembrane on the lower surface. They measured the vertical 

displacement of the upper surface, which also caused the area to become less. They 

noted that different styles of core, notably cuspated ones, differ greatly in their sensitivity 

to shear forces, but concluded that the cores they studied would only collapse under very 

high compressive and shear stresses at elevated temperatures. 

 

Summary 

- The lifetime of drainage composites can be limited by compression of the core, 

intrusion of the filter into the core, chemical degradation and clogging. 

- Compression occurs instantaneously on loading and proceeds further with time, 

known as compressive creep. It may be necessary to measure separately how this 

will restrict flow. Compressive creep can be predicted by extrapolation of creep 

tests, accelerated if necessary by temperature. This can be used to predict the 

residual thickness at the end of the design life or, conversely, the maximum 

permissible soil pressure if the thickness of the geosynthetic is to remain above a 

minimum value dictated by the requirements of flow.  

- It is important to include the effect of soft soils in any prediction. This can be 

simulated during measurement by compressing between layers of soft foam.  

- Compressive loading can cause the geosynthetic to collapse and stop the flow 

completely. By performing multiple tests a relation can be established between 

compressive load and time to collapse, or alternatively the time to a given 

compressive strain, which can then be extrapolated to the design life to give 

minimum load that could cause collapse during that time. 

- Shear loads, such as occur on the sloping sides of landfills, can accelerate 

collapse in certain designs of core. If necessary shear can be added to the 
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compressive load when measuring the time to collapse. 
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3.6 Mechanical damage, dynamic loading and abrasion 

 

J.H. Greenwood 

3.6.1 Prevention or measurement? 

Damage during the transport and installation of a geosynthetic, particularly with coarse 

backfills, is undesirable but sometimes inevitable. Stones and harsh treatment result in 

visible cuts and holes, poor laying can leave behind folds and local stresses, while weld 

lines in geomembrane sheets change the structure of the polymer itself. While these are 

not directly issues of long-term degradation, these sites can and will lead to early failure. 

In fact, exhumation after a number of years often shows that mechanical damage is the 

only form of degradation that can be identified with certainty. 

This damage can change the hydraulic properties, and can lead to a general reduction in 

mechanical strength. It also provides sites, not just holes but stressed areas or wrinkles, 

from which other forms of degradation can start, such as chemical attack and, in 

geomembranes, environmental stress cracking. Should we do all we can to prevent 

damage, or should we accept its existence and make allowances for it? And how does 

damage affect lifetime? 

This depends on the application. Holes and cuts will reduce the effectiveness of filters and 

separators. Reinforcements will lose strength. In all applications damage can be reduced, 

if not avoided, by careful selection of the material and control of the method of 

installation. In general the effect of damage cannot be sufficiently quantified for it to be 

included in a prediction of lifetime - more often it is revealed as the cause of unexpected 

premature failure. In the case of reinforcing geosynthetics, however, it may be possible to 

quantify the reduction in strength by measuring it. This assumes that the mechanical 

loads in service are much less than those during the short period of installation, and that 

the damage they cause is insignificant. Where, as under railways and in some road 

applications, the continuous dynamic loading can generate further damage, the lifetime 

will be governed by abrasion and fatigue.  

3.6.2 Nature of damage 

 

 

 Fig. 3.72 

 Some examples of damage  

 during installation. 
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Visible damage consists of the following: 

- Small holes are produced in sheet materials as well as in geomembranes. They will 

change the hydraulic properties, reduce the strength and, in some cases, reduce the 

stiffness. 

- Local abrasion and scuffing will occur. This could change the hydraulic properties or 

reduce the strength. 

- Splitting can occur in split film woven materials (figure 3.73) 

- Cuts in fibres, yarns or the ribs of geogrids will reduce the strength and may initiate 

further tearing. 

- Cutting or removal of coatings and protective sheaths, particularly in geogrids, expose 

the central fibres to weathering and to chemical attack. 

 

 

 Fig. 3.73 

Mechanical damage on a woven  

 split film polypropylene  

 (courtesy J. Müller-Rochholz).  

 Left: virgin specimen.  

 Right: damaged specimen. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 3.74 

 Surface damage on fibres  

 caused by abrasive particles  

 (courtesy ERA Technology Ltd). 
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At the microscopic scale fine fibres can be damaged by small abrasive particles that 

penetrate between them, an effect also found in industrial filters (Ehrler and Gündisch 

1999) (figure 374). Fine fibres can be given an individual coating, while in strips and 

geogrids a bundle of fibres may be protected by a coating or sheath. The thicker the 

coating, the greater the protection. 

3.6.3 Robustness classes 

Intuitively, thicker geosynthetics are less susceptible to damage. Needlepunched fabrics 

are generally thicker and therefore more damage resistant than thinner heatbonded 

nonwovens. Equally obviously, larger and sharper stones in the backfill cause more 

damage, such as the when backfill is dropped from a height on to a geosynthetic, even 

more when large rocks or cement blocks are placed on a geosynthetic for erosion control 

or when vehicles are driven over the geosynthetic before construction is complete. 

Conversely clays and sands, with median particle diameters no greater than 2 mm, 

generally produce little mechanical damage.  

There are therefore classes of robustness in which the strength and the mass per unit 

area of the geosynthetic is matched to the severity of the application. Based on original 

tests (Koerner and Koerner 1990), it is assumed that is a geosynthetic of the correct class 

is selected it will prove sufficiently resistant to damage during construction and in the long 

term. These classes, however, do not apply to reinforcements. In Germany a classification 

system is used for the selection of geosynthetics in road building (FGSV Merkblatt 2005). 

The 5 classes of geosynthetics are defined with separate requirements for non wovens, PP 

and PE split fiber fabrics and PET multifilament fibers. The required class depends on the 

fill material on top of the geosynthetic and the installation method.  

3.6.4 Simulated test to measure the effect of damage in reinforcements 

The reduction in strength of a reinforcement is measured by direct, if simulated, 

installation. A layer of backfill, which can be a well sieved and standardized aggregate or 

material taken directly from a site, is placed and compacted on a hard surface (figure 

3.75). Samples are placed on it, following which a second layer of material taken from site 

(unless another backfill is specified) is laid over the samples and compacted in the same 

way (figures. 3.76, 3.77). The samples are then excavated carefully to avoid any further 

damage, examined and then tested for loss of strength (figure 3.78). 

The procedure is described in BS 8006 Annex D and in ASTM D 5818. General guidance is 

given in ISO 13437 and in the FGSV Merkblatt (2005). The number, size and orientation of 

the samples should be chosen to suit the subsequent tensile tests, while samples of 

undamaged material taken from the same roll should be retained for comparison. Since 

the damage is random and sometimes widely spaced, the samples should be no narrower 

than 200 mm and it may be necessary to test more than the traditional five specimens in 

order to obtain a representative mean strength for the damaged material and a 

statistically significant comparison. 
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 Fig. 3.75 

 Smoothing the first layer of  

 backfill (ERA Technology  

 Ltd/Geoblock Ltd). 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 3.76 

 Placing the aggregate on the  

 samples (ERA Technology  

 Ltd/Geoblock Ltd). 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 3.77 

 Compacting the second layer of 

 backfill (ERA Technology Ltd/ 

 Geoblock Ltd). 

 

 

 

 

 

 

 

 

 

 



CUR Building & Infrastructure Report 243 

 

 223 

 

 

 Fig. 3.78 

 Final excavation using hand  

 tools (ERA Technology Ltd/ 

 Geoblock Ltd). 

 

 

 

 

 

 

 

 

 

 

Record the nature and thickness of both layers of backfill, the mass of the compacting 

equipment and the number of passes of that equipment. Excavate the samples with great 

care, removing most of the backfill with mechanical equipment but finish the excavation 

with hand tools. Do not be tempted to tug at a corner of the sample to free it from the 

backfill. It is critical not to damage the sample further. 

Having washed away the remaining soil particles, the population and size of holes in a 

damaged geosynthetic can be evaluated visually or by quantitative measurement. For 

reinforcements measure the tensile strength of both the damaged and the undamaged 

samples. The retained strength is the ratio of the strength of the damaged material to that 

of the undamaged, i.e. less than unity, while the reduction factor RFID is defined as the 

strength of the undamaged material divided by the strength of the damaged material and 

is thus greater than unity. The modulus of the geosynthetic should not be affected by 

small amounts of damage, although there may be other effects such as the accumulation 

of small fines in the open spaces of a nonwoven or the flattening of a woven structure. For 

non-reinforcing applications, particularly with nonwovens, measure burst strength. 

Permeability or another hydraulic property could be measured if appropriate. 

 

Record the following: 

- the nature of the backfill both below and above the sample: particle size distribution, 

hardness and angularity; 

- the depth at which the sample is installed; 

- whether the material is driven over by vehicles before compaction; 

- method and degree of compaction; 

- The mean strength (or other property) of undamaged and damaged samples, and the 

ratio of undamaged to damaged, RFID. 

3.6.5 Laboratory damage test 

The laboratory damage test EN 10722 is similar to the simulated site test but performed 

on a smaller scale in the laboratory. An open square frame is filled with aluminium oxide 

aggregate of a defined size and standardized hardness which is then compacted. A 

sample of suitable dimensions for tensile testing is laid across the frame. A second open 

frame is laid over the specimen and filled with aggregate (figure 3.79). A plated of set 
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dimensions is then used to compact the aggregate to a specified load and number of 

cycles. The aggregate is then removed and the specimen tested for tensile strength or 

another property if appropriate. RFID is deduced as in 3.75. 

 

 

 Fig. 3.79 

 Laboratory damage test. 

 

 

 

 

 

 

 

 

 

 Fig. 3.80 

 Correlation between the results  

 of EN 10722 and site damage  

 tests, from Hufenus et al.  

 (2005). 

 

 

 

 

 

 

 

 

EN 10722 has proved useful for comparing materials of similar nature (e.g. different 

woven polypropylens). Graphs showing the level of correlation and scatter between 

laboratory and site damage tests, using site materials instead the aluminium oxide, are 

given by Hufenus et al (2005). The correlation with the results of site tests is shown in 

figure 3.80. Wovens and nonwovens show more damage in the laboratory test, due 

probably to damage by sharp particles that infiltrate the fine structure. Comparison with 

crushed stone was satisfactory, with the exception of a yarn reinforced nonwoven. The 

authors conclude that the method provides a cheap means of predicting site damage and 

determining RFID.  

The results of EN 10722 and therefore any indication on a specification sheet based on 

EN 10722 are not generally accepted for design unless the correlation has been made for 

the particular product and the particular type of fill. 

3.6.6 Effect of damage on long-term strength 

Damage is regarded as being not dependent on time. One might intuitively expect 

damaged geosynthetics to rupture relatively sooner than undamaged ones, as the damage 

would initiate tearing. This can occur in geomembranes and other plastics with no 

significant orientation such as gas pipes. Much work has been performed to test this 

hypothesis, but currently there is no evidence of any synergy. The creep-rupture behaviour 
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of moderately damaged material is no worse than is predicted by multiplying the two 

reduction factors RFCR × RFID, though for heavily damaged material the lifetimes may be 

shorter than predicted by this method This has been validated by a number of accelerated 

tests (Greenwood 2002, Paula et al. 2008). 

In geomembranes it is necessary to test for environmental stress cracking (ESC), when a 

notch caused by damage or partial welding is stressed. This was the cause of early failures 

of geomembranes and was detected at the nodes of some early PE geogrids and is the 

most common cause of premature failure in plastics in general. Tests for this have been 

standardized as EN 14576: 2005 and ASTM D 5397. Geotextiles and geogrids consist of 

oriented material and are generally insensitive to ESC. 

3.6.7 Dynamic Loading 

In addition to static loads due to the soil or to prestress during construction, geosynthetics 

in rail and road applications will experience dynamic loading due to the traffic above them. 

The loading will be in compression, although for a reinforced soil structure some of this will 

be transferred to tension in the reinforcements. Damping and hysteresis will reduce the 

sharpness of the loading. As a result, while the static loading increases with depth the 

dynamic loading may decrease, as shown in figure 3.81.  

 

 

 Fig. 3.81 

 Schematic diagram of dynamic  

 and static loading in a  

 reinforced soil structure  

 (courtesy H. Zanzinger, SKZ). 

 

 

 

 

 

 

 

 

The effect of the compressive dynamic loading will be to induce mechanical damage in the 

same manner as for static loading. This damage can impair the function of the 

geosynthetic as a filter or separator, and it can reduce the tensile strength of a 

reinforcement. A typical example would be a separator under railway ballast, whose 

function is to prevent fines from the soil penetrating the ballast. This is generally avoided 

by choice of a suitably robust material or by providing a protective layer in addition to the 

separating layer. 

The effect of the tensile dynamic loading, superimposed on the existing static loading, can 

be to reduce the strength of the reinforcement to the point where it fails, although in 

reinforced soil the effect of static loading generally dominates. Degradation due to 

dynamic loading is also known as fatigue, a property that has been very widely 

investigated in engineering materials. Testing consists almost exclusively of the 

application of high dynamic loads, measurement of the number of cycles to failure, 

establishment of a relation between load and the number of cycles, and the extrapolation 

of this to the lower service loads in order to predict the number of cycles to failure. In 
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some materials there may be a fatigue limit, a load below which there is effectively no 

degradation. The dynamic loads may be purely tensile, tensile and compressive about 

zero, or may include a static component so that they oscillate between an upper and lower 

load. The relation between load and cycles is referred to in Germany as a Wöhler curve 

after the 19th century German engineer August Wöhler.  

The frequency of the dynamic loading gives an opportunity for accelerated testing. While 

the frequency of the dynamic loads due to traffic may be less than 1 Hz, dynamic testing 

can be performed at higher frequencies provided that it can be shown that the higher 

strain rates do not change the performance of the materials and that the energy 

dissipated does not lead to significant heating. 

 

 

 Fig. 3.82 

 Fatigue curve for a geogrid 

 (courtesy H. Zanzinger, SKZ). 

 

 

 

 

 

 

 

 

 

 

 

The lifetime of reinforcing geosynthetics loaded in tension can be predicted in this way. 

Figure 3.82 shows the fatigue curve for a geogrid. Multiple tests were performed at three 

different upper loads, with the lower load equal to half the upper load. This is denoted by 

the ratio R = 0.5. The frequency used was 10 Hz. The number of cycles to failure (or 100% 

damage) is measured and plotted logarithmically. The result is a straight line which can 

then be extrapolated down to the service load.  

Measurement of the properties of the geosynthetic during fatigue testing such as 

amplitude, energy expended and temperature can provide an early warning of the onset of 

damage. For a polyester geogrid Zanzinger (2007) identified a unique point at which all 

three properties were at a minimum for each loading condition and defined this as 'the 

onset of damage'. This leads to a second fatigue curve, parallel to the first, and at about 

20% of the lifetime, with this as the end point instead of ultimate failure (figure 3.83). 

Similarly, Retzlaff et al. (2008) noted changes in the modulus of polyester during dynamic 

loading, as occurs after sustained loading. They also used infra-red and thermal 

techniques to detect changes in the microstructure of polyolefins. These provide 

alternative end points and early warning criteria for fatigue testing. 

Ageing and oxidation have to be considered separately. 
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 Fig. 3.83 

 Fatigue curve for a geogrid  

 showing the fatigue curve for  

 the beginning of damage  

 (cortesy H. Zanzinger, SKZ). 

 

 

 

 

 

 

 

3.6.8 Abrasion 

Abrasion degrades geosynthetics in applications such as coastal erosion where the 

geosynthetic experiences particles in motion. EN 13427 provides an index test for 

resistance to abrasion using a sliding block test. The same method could in principle be 

used to establish a relation between, for example, applied load and time (or cycles) to 

failure. This could then be extrapolated to a given design life in order to determine the 

maximum load that could be applied in service. 

At present durability is established by selecting appropriate materials that satisfy EN 

13427 rather than by attempting to determine design life. 

3.6.9 Protection efficiency 

In many applications geomembranes, or drainage layers above geomembranes, have to be 

protected against damage, whether due to sharp stones in a fill or to solid waste in a 

landfill. This is achieved typically by a layer of sand, a thick nonwoven geotextile or a 

combination of both. A geogrid sandwiched between two lighter nonwovens could be used 

as well. The technology and properties of protective layers is excellently described by 

Müller (2001). This discussion will be limited to aspects of life prediction. 

In the simplest case the geotextile simply has to protect the geomembrane against 

perforation, such that it can withstand the local tensile stresses and stop them being 

transferred to the membrane. For long-term durability, however, geomembranes have to 

be protected from excessive local strains. Under sustained tension a thermoplastic can 

develop cracks earlier and at lower strains than would be predicted from simple tensile or 

short-term creep tests. This 'brittle' failure or stress cracking has been investigated in 

detail and, as a general rule, the strains in a geomembrane should be kept below 3-5%. In 

the presence of certain liquids, mostly organic liquids or surfactants, cracking can occur at 

even lower strains. These effects are suppressed in highly oriented plastics such as 

geotextiles. 

Local point loads will be caused by sharp stones or solid objects in a landfill. ASTM D5514 

provides a test method for resistance to perforation. A thick protective geotextile will 

spread this compressive load over a wider area. Nevertheless, this compressive load can 

lead to an indentation in the geomembrane and this indentation will result in a biaxial 

tensile stress in the geomembrane at its centre, while at its edges of the indentation, 
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where the geomembrane is in flexure, the upper surface of a thick membrane will be in 

tension. These local strains can easily exceed 3%. This has led to the European test 

method EN 13517, in which a protective geotextile is placed over a geomembrane under 

which a soft metal plate records the depths of the indentation. 20 mm steel balls are used 

to simulate the fill and the support layer is a rubber pad, unless site-specific materials are 

required. The test is performed over 12 h at 20 ºC at a load of 300 kN/m². The 

deformation of the soft metal plate is determined to establish the maximum local 

elongations and radii of curvature. For an accelerated long-term test Brummermann 

(1997) conducted the test over 1000 h at 40 ºC at 1.5 × the anticipated service load, 

while a more stylised machined indentation pad can also be used. A maximum 

deformation of 0.25% is recommended, leading to maximum edge fibre strains of 3-5%. 

 

 

 Fig. 3.84 

 Test equipment for measuring  

 the protection efficiency of  

 geotextiles (Müller 2001  

 quoting Brummermann 1997). 

 

 

 

 

 

 

 

 

 

These procedures do not lead to numerical life prediction. They do not consider the effect 

of ageing and oxidation. Instead, they assume a maximum long-term strain for the 

geomembrane and then assure that the protective geotextile does not the local strain to 

reach this level. Long-term durability is then a matter of correct materials selection and 

design. 

 

Summary 

- Coarse fills containing large or sharp stones can lead to holes and cuts during the 

installation of a geosynthetic. 

- Correct installation procedures are essential to minimise this damage. 

- For applications such as filters and separators robustness classes have been 

defined to enable selection of a geosynthetic that will resist damage. 

- For reinforcements the loss of strength due to installation damage is taken into 

account by use of a reduction factor, which is measured by performing simulated 

site tests. This factor also covers the long-term performance. 

- Dynamic loading (fatigue) can limit lifetime: its effect is measured by extrapolating 

the durations (or numbers of cycles) of short-term tests at higher loads to longer 

durations at lower loads. 

- Resistance to abrasion is assured by suitable selection of materials based on 

short-term tests. 

- Protection of geomembranes is assured by selecting a geotextile that limits the 
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strain in the membrane. 
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3.7 Durability of reinforcement and drainage applications using reduction factors 

 

J.H. Greenwood 

3.7.1 Reduction, safety and default factors 

As indicated in chapter 2.3, reduction factors are a convenient method of incorporating 

durability aspects into certain types of design, notably for soil reinforcement. They provide 

a method by which the effects of different degrading factors on a key property can be 

combined into a single number. This can then either be used in design, or they can be 

compared with a limit of acceptability, leading to a pass-fail decision. 

In soil reinforcement the key property is strength. The strength of the virgin geosynthetic is 

reduced by dividing by individual factors representing the effects of load, damage and 

environmental degradation, each of them related to the design life and temperature, to 

yield the maximum load that can safely be applied to the geosynthetic in practice. This is 

used in design to guide the type and quantity of material used in the structure. The same 

approach can be used other applications. For drainage the key property is flow in the 

plane, and the factors proposed are described in section 3.7.7. For a separator or a filter 

layer, the key property might be permeability or puncture resistance, and although 

attempts have been made to apply the same approach (see Case 4 and 5 in section 

1.7.10) this is limited by general lack of data. Note also that the factors apply to only one 

key property. In the case of reinforcement they apply to strength but not to strain, for 

which a separate prediction must be made of the strain at the end of the design life (see 

section 3.7.6). It may also be more appropriate to predict oxidation in the form of a 

lifetime than as a reduction factor (see section 3.7.2.5). For seismic applications tests are 

necessary to predict the response to a dynamic load after a long period under static load 

(see section 3.7.5). In the case of drainage the key property is flow in the plane, but 

separate predictions are necessary for the time to collapse and the time to oxidation (see 

section 3.7.7.2). 

There are three types of factor: 

- Reduction factors represent the predicted change in a property for the anticipated 

design life and service conditions. 

- Safety factors are used to cover an uncertainty. They may be calculated statistically 

or, if there is insufficient information for this, they will be estimated. 

- Default factors based on generic information may be used where no information on 

the specific geosynthetic is available. Default factors are deliberately pessimistic. 

 

Convention states that the factors are set greater than unity and that the virgin property is 

divided by them. A factor of 1.0 is used where no change is predicted. Where a property is, 

for example, divided by 1.25 it would be equally logical to multiply it by the reciprocal, 0.8, 

but the convention has to be maintained to avoid confusion. 

The use of separate safety factors implies that the effects of the different forms of 

degradation, for example load and chemical attack, are independent of one another. 

Where there is synergy between them, such as between temperature and load or 
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temperature and chemical attack, the factor must be calculated to take into account both 

effects simultaneously. 

Although the term 'safety factor' is sometimes used to include reduction factors, the 

difference between them is important. A single safety factor is used in exactly the same 

way as a reduction factor, but when two or more are present they should be combined 

differently to avoid an unnecessarily cautious result. This is explained further in section 

3.7.3. 

3.7.2 Procedure for determining the reduction factors for creep-rupture of reinforcements 

3.7.2.1 Table of factors 

The first objective for reinforcements is to provide an assurance that the reinforcement 

will not rupture during the design life of the structure. The second is to ensure that it will 

not extend or relax beyond unacceptable limits. As was explained in 2.3.6, the prediction 

of rupture is a good example of the use of reduction factors. The prediction of extension 

(creep strain) or stress relaxation is an example of a different approach and is discussed 

in section 3.7.6. 

The selection of characteristic or initial strength of the geosynthetic is described in section 

2.3.6. According to ISO/TR 20432 the characteristic strength of the geosynthetic is 

reduced by four reduction factors and one safety factor. These are shown in table 3.6 with 

their Dutch, German, US and British equivalents. 

Table 3.6 Reduction factors according to ISO/TR 20432 and the Dutch, German, US 

and British equivalents.  

ISO TR 20432, 

USA 

Netherlands, 

Germany 

United Kingdom 

(BS8006) 

Form of degradation 

  fm111 variability of initial strength 

  fm112 metallic reinforcement only 

RFCR A1 fm121 creep-rupture 

RFID A2 fm211 (short term) 

fm212 (long term) 

installation damage 

 A3  joints and connections 

RFWE A4 fm22 weathering 

RFCH (USA: RFD) chemical degradation 

 A5  Special conditions, e.g. 

dynamic loads 

fs γM fm122 (creep 

extrapolation only) 

 

 

In ISO/TR 20432 there is no factor to cover the variability in the strength of the 

geosynthetic, since this is covered by the use of characteristic strength as the basic tensile 

strength. Where no value is available for the characteristic strength use the nominal 

strength quoted by the manufacturer, provided that he is covered by a suitable quality 

assurance system. The BS8006 allows an extra factor fm111 for variation should the 

characteristic strength not be used. 

These factors of safety cover those forms of degradation that are considered most likely 

for reinforcements. Solvents, which could swell the polymer and affect its creep strain, 
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should not be present in any significant quantity outside waste containments. 

Environmental stress cracking is not regarded as likely in highly oriented polymers. The 

effects of freezing and thawing depend on the soil and its level of saturation and cannot 

be assessed for the geosynthetic in isolation. The Netherlands and German systems 

provide extra reduction factors for the strength of joints and connections (A3) and for 

dynamic loading (A5). These do not form part of the ISO system but are discussed in 

3.7.2.8. 

3.7.2.2 Calculation of RFCR 

 

 

 Fig. 3.85 

 Creep-rupture diagram. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.85 shows a typical creep-rupture diagram for a specific temperature extended to 

1 000 000 hours or 114 years. There should be at least 12 tests at a minimum of four 

different loads, measured in the principal direction of reinforcement using the same grips 

and specimen width as are used for measuring tensile strength. For conventional tests at 

least four values of the time to rupture should lie between 100 and 1000 h, four between 

1000 and 10000 h and at least one should exceed 10000 h. 

Fit a regression line as described in 3.4.3.3 and derive RFCR for the specified design life.  

In figure 3.85, the load corresponding to a lifetime of 114 years is predicted to be 51.4% 

of tensile strength. The reduction factor is expressed as the inverse of the percentage 

above. For the above example, RFCR equals 1/51.4% = 1.95.  

The rules for incomplete tests and the fundamental conditions for the validity of the 

extrapolation are explained in section 3.4.3.3 and the method for time-temperature 

shifting in section 3.4.3.5.  

If some of the rupture points are from temperature accelerated or SIM tests, then ISO TR 

20432 specifies a procedure and conditions which are set out in section 3.4.3.2. Provided 

that the conditions stated there are fulfilled, the SIM data may be combined with the 

conventional data and used to determine RFCR. If not, RFCR should be determined from 

data from conventional testing alone, which will require additional tests. 

An advantage of temperature accelerated or SIM tests is that they provide thermal shift 

factors as shown in figure 3.43. Where the design temperature is lower than the test 

temperature, as is often the case in Northern Europe, the graph can be extended to lower 

temperatures to derive a shift factor and applied to extend the predicted time to rupture 

(see section 3.4.6). For example, for a design temperature of 15 ºC the shift factor in 
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figure 3.44 would be about -0.9. When the regression line in figure 3.7.1 is shifted to the 

right by 0.9 decade (i.e. the durations are multiplied by 100.9 = 7.9) the design strength 

rises to about 55% and RFCR reduces to 1.82. 

Should a range of products be subject to approval, a typical procedure would be to test a 

mid-range product provided that the materials used are identical and that the physical 

construction of the products is similar. In addition, further tests are performed on the 

lowest product and two on the highest product in the range. Provided that these lie within 

the 95% confidence limits of the results for the mid-range product then the creep data 

may be taken as representative for the product range. 

In comparing values of RFCR do not forget the uncertainty of the prediction, described in 

3.7.3. The minimum factor of safety is given there as 1.1 (i.e. 10%) and could be much 

greater. It is ridiculous to see manufacturers competing over differences of a few percent 

in RFCR, differences that are almost certainly less than the uncertainty of the prediction. 

In the absence of specific data an overall default factor of RFCR = 2.0 for polyester and 

RFCR = 4.0 for polypropylene reinforcements have been proposed (Greenwood and Shen 

1994, Koerner 1997). The summary of international recommendations compiled by 

Zornberg and Leshchinsky (2001) gave the following default factors: 

 

Polyester  1.5 to 2.5 

Polypropylene 4.0 to 5.0 

Polyethylene  2.5 to 5.0 

Aramid  2.5 

Polyamide  2.5 

 

Further factors are listed in Bathurst et al. (2012).  

3.7.2.3 Calculation of RFID 

Determine RFID, the reduction factor for installation damage, should be deduced from site 

damage tests as described in chapter 3.6.4. RFID is the strength of undamaged or control 

material divided by the strength of the damaged material. 

If measurements are not available for the specific material and soil, RFID should be 

estimated from existing data. Generally a table of values will be given according to the 

strength or mass per unit area of the product and the mean particle size, an example of 

which is shown in table 3.7. 

Table 3.7 Reduction Factors RFID for a typical Polyester Geogrid.  

Soil type d90 

particle size 

mm 

Grade RFID 

Sand A < 4 35/20-20 

55/30-20 

1.17 

1.06 

Sand B < 2 80/20-20 

110/30-20 

1.03 

1.04 

Sandy gravel A < 12 35/20-20 

55/30-20 

1.17 

1.09 

Sandy gravel B < 8 80/20-20 

110/30-20 

1.13 

1.07 

Coarse gravel A < 65 35/20-20 1.29 
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interpolated value

55/30-20 1.19 

Coarse gravel B < 40 80/20-20 

110/30-20 

1.19 

1.18 

Values of RFID are naturally subject to scatter and it is not unusual for there to be a few 

unexpectedly large or small values in the table. In such cases the values should be 

adjusted – for example, by fitting an empirical function - to give a smooth transition from 

fine to coarse soils and from lighter to heavier products. 

If the life prediction is to be performed on a geosynthetic from a range of products for 

which RFID has been performed on both heavier and lighter grades within the range, then 

RFID can be deduced by interpolation (figure 3.86). This is provided that there is a clear 

relation between RFID and weight, tensile strength or, for coated geogrids, coating 

thickness, for the products tested. If RFID is only available for a lighter grade, then this 

value should be used. The use of a value of RFID measured on a heavier grade is not 

permitted.  

 

 

 Fig. 3.86 

 RFID plotted as a function of  

 mass per unit area.  

 For a 300 g/m2 material RFID  

 is interpolated to be 1.4. 

 

 

 

 

 

 

 

If tests are not available for the soil for which a life prediction is to be made, but where 

RFID is known for the same geosynthetic in two other soils, one with a larger and one with 

a smaller grain size, RFID can also be calculated by interpolation (Fig 3.87) Be extra 

cautious with soils containing a wide particle size distribution or very angular particles. If 

RFID is known only for a soil with a larger grain size which is likely to be more aggressive, 

then this value should be used for the new soil. The use of RFID measured using a soil with 

a smaller grain size is not permitted. 

 

 

 Fig. 3.87 

 RFID plotted as a function of  

 soil granularity. Note the  

 logarithmic scale.  

 For d50 = 2 mm RFID is  

 interpolated to be 1.13. 
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For example in table 3.7 the product 80/30-20 has been measured as having RFID = 1.03, 

1.13 and 1.19 for soils with maximum d90 of 2, 8 and 40 mm respectively. For the other 

three soils proceed as follows. For the soil with maximum d90 = 4 the interpolated value of 

RFID would be 1.09 and for the soil with maximum d90 = 12 the interpolated value of RFID 

would be 1.13. The coarsest soil in table 3.7.1, maximum d90 = 65, is beyond the range of 

interpolation and a further test would be required to define RFID. For the product 35/20-

20, where no value is given for the lightest sand with maximum RFID = 2, use the value for 

the next lightest sand, i.e. RFID = 1.17. It is not permissible to estimate a lower value for 

RFID. 

Derivation of RFID from measurements made using ISO 10722 was validated by Hufenus 

et al (2005) for a range of materials but is not generally accepted.  

Some tables have been issued of general values of RFID based on a comprehensive series 

of tests (Ref: Elias 1997, Hufenus et al. 2002). These are shown tables 3.8 and 3.9 More 

comprehensive tables are given in Hufenus et al. (2005). The user is advised to refer to 

the original documents to confirm that the materials and soils used were sufficiently 

comparable for the materials for which a life prediction is to be made. 

Table 3.8 Reduction factors RFID from Elias (1997).  

Geosynthetic No 1 Backfill 

Max. Size 102 mm 

d50 about 30 mm 

No 2 Backfill 

Max. Size 20 mm 

d50 about 0.7 

mm 

HDPE unixial geogrid 1.20 – 1.45 1.10 – 1.20 

PP biaxial geogrid 1.20 – 1.45 1.10 – 1.20 

PVC coated PET geogrid 1.30 – 1.85 1.10 – 1.30 

Acrylic coated PET geogrid 1.20 – 2.05 1.20 – 1.40 

Woven geotextiles(PP & PET)* 1.40 – 2.20 1.10 – 1.40 

Nonwoven geotextiles (PP & PET* 1.40 – 2.50 1.10 – 1.40 

Slit film woven PP geotextile 1.60 – 3.00 1.10 – 2.00 

* Minimum weight 270 g/m2 

Table 3.9 Reduction factors RFID from Hufenus et al. (2002).  

Geosynthetic Fine-grained 

soil 

Rounded coarse-

grained soil 

Angular coarse-

grained soil 

Uniaxial HDPE grids 1.0 – 1.1 1.1 – 1.2 1.2 – 1.4 

Biaxial PP grids 1.0 – 1.2 1.1 – 1.3 1.2 – 1.5 

PET flat rib grids 1.0 – 1.1 1.0 – 1.1 1.0 – 1.1 

Coated PET grids 1.0 – 1.1 1.1 – 1.2 1.2 – 1.3 

PP & PET wovens 1.0 – 1.2 1.1 – 1.4 1.2 – 1.5 

PP & PET nonwovens 1.0 – 1.1 1.2 – 1.4 1.3 – 1.5 

PP slit tape wovens 1.0 – 1.2 1.1 – 1.3 1.2 – 1.4 

 

Recently Bathurst et al. (2011) have performed a detailed reliability analysis based on a 

wide range of reported values of RFID. The values are listed in table 3.10: for other details 

including variability refer to the original paper. Note that since these are test results some 

strengths for exposed materials turn out less than those of unexposed materials: there are 
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physical explanations for this, but the values of RFID used in design should not be less 

than 1.0. 
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Table 3.10 Reduction factors RFID from Bathurst et al (2011a).  

 RFID for d50 < 19 mm RFID for d50 > 19 mm 

HDPE uniaxial geogrids 0.99 to 1.17 1.09 to 1.43 

PP biaxial geogrids 0.94 to 1.11 0.97 to 1.45 

PVC coated PET geogrids 0.95 to 1.39 1.07 to 1.85 

Acrylic and PP coated PET geogrids 1.05 to 1.37 1.48 to 2.02 

Woven geotextiles 0.89 to 1.66 1.20 to 4.93 

Nonwoven geotextiles 1.06 to 1.46 1.74 to 4.96 

 

Note the large variation in these factors even for the same type of product. When a design 

is made based on one brand of product normally the factors for that product have been 

used. If at the tender stage the contractor proposes to use a different (normally cheaper) 

product these factors need to be checked thoroughly before that product is approved. One 

might even go so far that the structure needs to be redesigned using the proper factors for 

the alternative product. 

 Only the damage caused during installation is referred to here. The possible long-term 

effects of such damage are discussed in 3.6.6. In reinforcement applications damage due 

to dynamic loading is often regarded as negligible, but if it is likely to be significant, for 

example under railway ballast, then it should be handled as described in 3.6.7.  

Installation damage is treated as being independent of temperature. 

3.7.2.4 Calculation of RFW 

Weathering is discussed in chapter 3.3. Since most geotextiles are covered on site, no 

long-term prediction is required for weathering. For reinforcement applications a reduction 

factor is required only if there is a possibility of degradation during installation, in the 

same manner as for installation damage. 

 The only estimates of RFW, the reduction factor for weathering, are those in Annex B 

common to EN 13249-13257 and 13265, table 3.11. 

Table 3.11 Definition of RFW according to Annex B common to EN 13249-13257 and 

13265. 

Retained strength after 

testing to EN 12224  

Time allowed for 

exposure on site 

Reduction factor RFWE 

>80% 1 month 1/percentage retained 

strength 

60% to 80% 2 weeks 1.25 

<60% 1 day 1.0 

Untested material 1 day 1.0 

 

For example, if the retained strength after testing to EN 12224 was 87%, then RFWE = 

1.15. If the retained strength is greater than 95%, then RFWE may be set as equal to 1.0. 

No such procedure has been specified for tests to ASTM D4355. 

As before, if appropriate information is not available for one product within a range then it 

is acceptable to use the results for a lighter grade, since this is more likely to be sensitive 

to weathering. Values from heavier grades should not be used.  

The condition that the material is to be covered in service is critically important. In fact, 

most reinforcements are covered. Sometimes, however, it is unavoidable that the 
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geosynthetic is left exposed for longer than one month, in which case longer tests using 

the same methods as in EN 12224 and ASTM D4355 should be performed to ascertain 

whether there is any significant reduction in strength. Geotextiles are not generally 

exposed to light permanently as is the case for geomembranes at the edges of reservoirs, 

canals and containment ponds, for which it has so far not been possible to establish short-

term test methods or criteria to assure long-term resistance to light. 

3.7.2.5 Calculation of RFCH  

Predicting the reduction in strength arising from chemical and environmental effects is 

without doubt the most difficult aspect of life prediction for reinforcements. Regular 

extractions from site over a number of years may lead to a graph of strength plotted 

against time that can be extrapolated to the design life. This is the ideal, since no 

laboratory test can simulate precisely the environment surrounding the geosynthetic. It 

assumes, however, that the change in strength is gradual and predictable and not sudden, 

as can occur in polyolefins. It also assumes that the environment stays unchanged 

throughout the life of the product. However, information of this type is not available, and 

will only be in the future if proper preparations are made now for extracting samples on 

site (see section 3.8.5). Therefore the loss in strength due to environmental degradation 

must be predicted from accelerated testing. To do this we require: 

- a graph of the loss of strength with time for each temperature 

- for each temperature the rate of loss of strength (or other property) or the time to a set 

end point such as 50% loss of strength 

- a formula or graph – generally an Arrhenius diagram – to enable us to move from one 

temperature to another. 

 

 

 Fig. 3.88 

 Arrhenius diagram showing the  

 rate of loss of strength plotted  

 against the inverse of  

 temperature in K. 

 

 

 

 

 

 

 

 

 

 

Figure 3.88 shows a typical Arrhenius diagram of rate of loss of strength plotted against 

the inverse of the temperature in K, with a regression line fitted. Extend this line until it 

reaches the inverse of the design temperature, here 0.0034 = 1/(273 + 20) K (a similar 

deduction could be made for a lower design temperature). Read off the corresponding rate 

of loss of strength, which is 0.00000102 per day (it is less confusing to present such low 

rates in absolute terms rather than as a percentage). Multiply this by the design life (in the 

same units of time) to give the predicted loss in strength. For example, in this case the 
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loss of strength after 100 years or 36524 days will be 3.8% and the retained strength will 

be 96.2%. 

RFCH is the inverse of the percentage retained strength.  

In this example RFCH = 100/96.2 = 1.04. 

The use of rate of loss of strength assumes that this is constant, i.e. that a graph of loss of 

strength against time would be a straight line. If the Arrhenius diagram refers to a duration 

rather than a rate, such as time to 50% loss of strength, then the extrapolated diagram 

(which will slope upwards) will give the time to 50% loss of strength at the design 

temperature. If the rate of loss of strength is not constant, the following procedure is 

proposed. Fig 3.89 (a) shows the reduction in strength over a series of times at one 

temperature, as will have been performed to establish one point on the Arrhenius 

diagram, in this case 50% after 190 h. The Arrhenius diagram is assumed to predict a 

lifetime of 250 years at the service temperature. figure 3.89 (b) shows the same curve as 

in 3.89 (a) scaled to pass through the point (250, 50%). Using the same scale, read off the 

residual strength predicted after the design life of 100 years, which is 90.3%. RFCH should 

then be set equal to 1/90.3% = 1.11.  

 

 

 Fig. 3.89 

 (a) Curve of loss of strength  

 against time, (b) scaled such  

 that it passes though the  

 point (250years, 50%).  

 The predicted retained  

 strength after 100 years is  

 then 90.3%. 

 

 

 

If the appropriate information is not available for one grade of a product range then apply 

the same rule as for installation damage and weathering: use the value of RFCH for a 

lighter grade. Data for a heavier grade should only be used if it can be argued that the rate 

of degradation is the same, for example that the filaments are of similar size and that the 

thickness of the product does not inhibit access by the chemical environment – including 

oxygen – to the surface. 

In some cases, more particularly for oxidation, degradation takes place over a relatively 

short time following a long incubation period (see Mode 3 in chapter 2.3 and chapter 3.1). 

In this case RFCH will remain close to 1.0 during the incubation period and then fall rapidly 

to zero. It may be better to make a separate calculation of the time to failure instead of 

applying a reduction factor (see section 1.6.4). This time to failure, modified by an 

appropriate safety factor, can then be compared with the design life. 

3.7.2.6 RFCH for polyesters 

Chapter 3.2 describes the methods for predicting the loss of strength of polyesters due to 

hydrolysis. ISO TR 20432 introduces simplified procedures for polyester geosynthetics 

which satisfy certain basic criteria, assuming no post-consumer or post-industrial recycled 

material is used. 
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For polyester either: 

- The polyester geosynthetics used for reinforcement, or the yarns from which they are 

made, should exhibit no more than a 50 % reduction in strength when subjected to 

EN 12447. 

- or: 

- The CEG measured according to GRI-GG7 should be less than 30 meq/g, and the 

number averaged molecular weight, Mn, determined according to GRI-GG8, should be 

25,000 or more. Both criteria should be satisfied. 

 

For a geosynthetic that satisfies either recommendation used in saturated soil, RFCH is 

given in table 3.12. These numbers are based on several independent studies including 

accelerated testing. The interpretation tends towards the conservative. They have, 

however, not yet been validated by observations on material taken from sites where the 

environment has been sufficiently monitored. 

Table 3.12 Default values of RFCH for polyester reinforcements from ISO TR 20432 at  

25 ºC.  

pH range Design life 

(years) 

Service temperature (°C) RFCH 

4 - 9 25 25 1.0 

4 - 8 100 25 1.2 

8 - 9 100 25 1.3 

4 - 9 25 35 1.4 

 

These values are given for the maximum European soil temperature of 25 ºC. They are 

necessarily conservative for most soils in Europe: in the UK the average soil temperature 

at depth is approximately 10 ºC. Assuming an activation energy of 105 kJ/mol, 25 years at 

25 ºC corresponds to 109 years at 15 ºC and 236 years at 10 ºC. Note, however, that due 

to the exponential relation warmer days will accelerate degradation more than cooler days 

retard it, so that an 'upper average' soil temperature should be chosen in preference to a 

true mean. 

If the soil is totally dry, such as occurs (most of the time) in desert regions then there is no 

possibility of hydrolysis and RFCH = 1.0, excluding any other possible types of degradation. 

For partially saturated soils one can make a linear interpolation according to the relative 

humidity. For example, for a soil with pH 4 – 8 at 25ºC the table above gives RFCH = 1.2 for 

100 years for a saturated soil while RFCH = 1.0 for a dry soil. For a soil with 70% relative 

humidity RFCH can be derives as 70% × 1.2 + 30% ×1.0 = 1.14. In case of any doubt about 

the environment, however, the figure for a saturated soil should be used. Some caution 

should be applied to these factors which have not been validated. 

In some cases more favourable predictions are proposed as a result of Arrhenius tests on 

a particular grade of polyester fibres. The assessor will have to decide whether these 

predictions can be maintained for this product or whether it is more circumspect to apply 

the default factors which are based on a wider range of independent tests. As mentioned 

in section 3.7.2.2 in the case of RFCR, It is ridiculous to see manufacturers competing over 

differences of a few percent in RFCH, differences that are almost certainly less than the 

uncertainty of the prediction. 
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3.7.2.7 RFCH for polypropylene and polyethylene  

Chapter 3.1 describes the methods for predicting the change in strength with time for 

polyethylene and polypropylene geosynthetics, including: 

- Simple oven ageing tests using the method of ISO 13438 Methods A2 or B2 extended 

over a range of temperatures and times with a defined retained strength as the 

criterion. In this case a chart of the rate of reduction in strength against time will be 

required to predict the retained strength under for the design life and service 

temperature as in figures 3.88 and 3.89. 

- Oven ageing coupled with OIT tests to define two or more stages of oxidation, in which 

the lifetime will consist of one or more incubation stages followed by the stage in 

which the strength diminishes. In this case the design life must take into account the 

durations of the incubation stages and the retained strength calculated for the time 

remaining. If the incubation phases have not been completed by the end of the design 

life then there is no predicted reduction in strength. 

- The pressurized oxygen test using ISO 13438 Method C1 or C2 but with a range of 

temperatures and pressures. The reduction in strength following exposure to these 

conditions will be charted on a three dimensional diagram which will then be 

extrapolated to the service conditions to yield a predicted retained strength. 

 

All these methods are designed to predict a retained strength for a defined design life and 

environment. Then: 

RFCH = initial strength/predicted retained strength. 

 

ISO TR 20432 sets out default factors for polypropylene and polyethylene, namely that if 

the material passes ISO 13438 Method A2 for polypropylene or B2 for polyethylene, or C2 

for either, then RFCH = 1.3 for a design life of 100 years at a temperature of up to 25 °C. 

This default factor is not based on the same quantity of evidence as the factor for 

hydrolysis, particularly when one considers the wide variety of products made from these 

polymers, and should be treated with great caution.  

3.7.2.8 German factors A3 and A5 

The German factor A3 takes into account the reduction in strength due to joints and 

connections, either between sections of geosynthetics or, more commonly, where the end 

of the geosynthetic is fixed to a wall, block or anchor. The simplest procedure is to assume 

that the reduction in long-term strength is equal to the reduction in short-term strength as 

measured in an appropriate tensile test. The reduction factor is then the tensile strength 

of the virgin geosynthetic divided by the tensile strength of the joint. This procedure 

assumes that the joint does not have a disproportionately low long-term strength due, for 

example in an unpredicted change in the mechanism of rupture as occurs in plastic pipes 

under pressure. The only means of assurance is to perform creep-rupture tests on the 

joints themselves and to set up an appropriate creep-rupture diagram. A3 is then the ratio 

of the creep-rupture strength for the virgin geosynthetic for the set design life divided by 

that for the joint. 

Factor A5 takes into account dynamic loading. The method of measurement and 

extrapolation is described in 3.6.7, resulting in a plot of dynamic load against number of 

cycles to failure, not of residual strength against time or number of cycles. To study the 

behaviour in detail, one could follow the methods described in section 3.4.5 for describing 

the response to seismic loads. If this amount of effort is not justified, a conservative 
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approach might be to set A5 = 1.0 but to regard the final design strength as the sum of the 

maximum permissible static and dynamic loads. 

3.7.3 Uncertainties and factors of safety 

3.7.3.1 Introduction 

Any prediction of lifetime will have an associated uncertainty. The most common way of 

allowing for this is by applying a factor of safety, although more sophisticated methods of 

reliability based design have recently been published (Bathurst et al. 2011, 2012). It is 

important to realize that any safety factor based on geosynthetic properties alone can only 

reflect the variability of the material. The uncertainties associated with the soil structure 

form part of the design have to be assigned separately by the designer; they may be 

considerably larger than those derived from the material properties alone (see section 

2.3.7). For reinforcing geosynthetics the variation in tensile strength is accounted for by 

assuming a characteristic or minimum strength for the material, based on the variation in 

individual results. This should also reflect the variability of the test method itself. Note that 

in creep measurements the chief contribution to the level of variability is the stability of 

the test temperature.  

From their analysis of a wide range of creep tests Bathurst et al confirm that the variability 

in extrapolated design strength based on creep-rupture and frequently on SIM tests is 

similar to the variability of the original strength of the product, i.e. that the use of 

characteristic strength in itself provides sufficient safety. The same is true of installation 

damage at lighter loads, and they conclude that it is more important to select a 

geosynthetic appropriate to the granularity of the soil and load applied, rather than design 

for a large value of RFID and the possibility of a high degree of variability.  

It is important to apply only one factor of safety. A safety factor based on a 'two-sided' 95% 

confidence limit represents a 1 in 20 probability that the property will lie outside the 

confidence limits. The 5% "rogue" strengths are divided into 2.5% that are lower than the 

lower confidence limit and 2.5% that are higher than the upper confidence limit, which do 

not worry us. The factor therefore represents a 'one-sided' 97.5% probability (or 1 in 40) 

that the strength will be sufficient. If this is multiplied by a second safety factor also based 

on a 95% confidence limit, the probability of a low strength jumps from 1 in 40 to 1 in 

1600 and the safety factor becomes ridiculously cautious. To retain the 95% level of 

confidence they should be combined as follows: 

 

fs = 1 + √[(FS1 – 1)2
 + (FS2 – 1)2] 

 

Where one factor is much larger than the other, for example FS1 >> FS2, it is sufficient to 

use the larger factor (here FS1) alone. 

3.7.3.2 Factors of safety in ISO/TR 20432 

The factor of safety fs included in the calculation of design strength in ISO/TR 20432 

accounts solely for the following: 

- uncertainty of extrapolation of creep-rupture data (R1) 

- uncertainty of extrapolation of Arrhenius data (R2).  

 

These are explained in more detail in the following sections. 
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3.7.3.3 Definition of R1 

ISO TR 20432 specifies R1 in a manner that depends on the degree of extrapolation. This 

is the ratio of the design life td to the duration of the longest measured time to rupture 

after time-temperature shifting, denoted as tmax. It is therefore an advantage to extend 

testing to have tmax as large as possible. tmax may refer to an incomplete test provided that 

the test satisfies the condition in section 3.4.3.3 and is included in the calculation of 

creep-rupture. The rules are: 

If td / tmax <10, R1 = 1.0. 

If 10 < td / tmax <100, R1 = 1.2r-1 where r = log10 (td / tmax). 

R1 increases with r from 1.0 for extrapolation by a factor of td / tmax = 10 to 1.2 for 

extrapolation by a factor of td / tmax = 100. No rules are set for when td / tmax >100. If td = 

50 years and tmax = 7791 h = 0.89 years as in figure 3.7.5, then r = log10 (50/0.89) = 1.75 

and R1 = 1.2r-1 = 1.15.  

BS 8006:1996, now superseded, set out a larger factor of safety to allow for extrapolation, 

rising from 1.0 for when the design life is 10 times the test duration to 2.0 when the ratio 

is 100 times. This extra caution was introduced to allow for a possible knee in the creep-

rupture of extruded polyethylene geogrids. Improvements in materials indicate that this is 

now unlikely to occur in commercially available geogrids. The effect of R1 on the design 

strength as calculated according to ISO TR 20432 and BS8006:1996 is shown in figure 

3.90. 

 

 

 Fig. 3.90 

 Effect of the contributory  

 factor R1 in reducing the  

 design strength when extra-  

 polation exceeds a factor  

 of 10, as defined by  

 ISO TR 20432 and  

 BS8006:1996 (superseded). 

 

 

 

 

 

 

 

 

 

 

 

 

3.7.3.4 Definition of R2 

If default factors are used for RFCH (see section 3.7.2.6) then ISO TR 20432 defines R2 = 

1.0. If RFCH is based on an Arrhenius diagram, then R2 is calculated from the upper 95% 

confidence limit of that diagram. The upper confidence limit corresponds to a faster rate of 

degradation. 
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Figure 3.91 shows an Arrhenius diagram plotted as the rate of loss of strength 

(logarithmically) as y against the inverse of absolute temperature 1/θ as x. The equation of 

the fitted straight line is 

 

y = ymean + Sxy/Sxx(x – xmean) 

 

where 

xmean, ymean are the mean values of x and y respectively 

Sxx = Σ(x – xmean)2 

Syy = Σ(y – ymean)2 

Sxy = Σ(x – xmean) (y – ymean) 

 

The equation of the upper confidence limit is given in section 2.3.9.9. 

 

 

 Fig. 3.91 

 Arrhenius diagram showing  

 upper confidence limit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The rates of loss of strength for the design life are read both from the Arrhenius curve and 

the upper confidence limit. The respective retained strengths are then calculated. R2 is 

defined most simply as their ratio, that is the rate of the retained strength predicted by the 

upper confidence limit divided by the lower value predicted by the Arrhenius curve. Thus 

R2 >1. 

In figure 3.91 the rate of loss of strength at 21ºC (1/T = 0.0034) is 0.00000167 per day, 

giving a retained strength of 94% after 100 years and RFCH = 1.06. The rate of loss of 

strength according to the upper confidence limit is 0.00000537 per day, giving a retained 

strength of 80% after 100 years. R2 = 94/80 = 1.175. 

3.7.3.5 Calculation of fs 

R1 and R2 are then combined together to give the factor of safety fs. This is performed 

according to the following statistical formula, which maintains the 95% level of confidence: 

 

fs = 1 + √{(R1 – 1)² + (R2 – 1)²}. 
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For example: 

R1 = 1.15 

R2 = 1.175 

fs = 1 + √{(0.15)² + (0.175)²} = 1.23  

 

If R1 or R2 is significantly less than the other then it can be ignored and fs can be set equal 

to the larger factor.  

R1 depends on the duration of the longest creep test, tmax. If the creep data are 

extrapolated by less than 10 × tmax then R1 = 1.0. For extrapolation to design lives td 

between 10 × tmax and 100 × tmax R1 increases with log (td / tmax) from 1.0 to 1.2. Further 

details are given in section 3.7.3.3. 

The default value for fs = 1.2. 

 

Typical values of fs in the summary of international recommendations compiled by 

Zornberg and Leshchinsky in 2001 lie between 1.1 and 1.7, but it is not clear what 

uncertainties these values are intended to cover.  

A minimum value is recommended of fs = 1.2. 

3.7.4 Calculation of the overall reduction factor RF 

In summary, the above sections have shown how to define: 

- RFCR : creep-rupture 

- RFID : installation damage 

- RFWE : weathering 

- RFCH : chemical degradation 

 

The general reduction factor RF is calculated as  

RF = RFCR × RFID × RFWE × RFCH × fs.  

The characteristic or nominal strength is divided by RF to give the long term design 

strength.  

 

For a characteristic strength of 80 kN/m, RFCR = 1.28, RFID= 1.64, RFWE= 1.0, RFCH= 1.2 

and fs = 1.23, RF = 1.28 × 1.64 × 1.0 × 1.2 × 1.23 = 3.10 and the design strength = 

80/3.10 = 25.8 kN/m.  

 

RF is divided into the characteristic strength of the reinforcement, to give the design 

strength in kN/m as shown. This strength, represents the highest load which, if applied on 

the day of construction, is predicted not to lead to rupture within the design life. Applied to 

the characteristic strength, it represents a lower confidence limit in the same manner as 

the characteristic strength itself.  

 

Creep strain should be presented separately as isochronous curves as described in 3.7.6. 

3.7.5 Residual strength and the response to seismic events 

Following the success of reinforced slopes in surviving large earthquakes such as the 

Great Hanshin-Awaji or Kobe earthquake of 1995, much work has been devoted to 
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seismic design of geosynthetic reinforced structures. From a life prediction aspect the 

principal interest is in any change in strength over time which could compromise the ability 

of the structure to resist a seismic event in the future. The reduction in strength due to 

damage, weathering and environmental effects is thus no different to that for normal 

reinforcement applications. The difference lies in the effect of sustained load on the future 

strength. 

Section 3.4.5 explained how sustained load slowly reduces the strength until the 

geosynthetic is no longer able to support the applied load itself. Accelerated tests have 

indicated that this reduction in strength is very slow over most of the lifetime of the 

geosynthetic, falling rapidly at the end. The physical reason for this is not yet clear. If the 

applied load is expected to be lower than RFCR × Tchar, it can be more appropriate to 

calculate the time to failure corresponding to the applied load and to check that this 

substantially exceeds tD. On the basis of current measurements it may then be assumed 

that the strength remains close to Tchar over the design life. This is particularly relevant to 

seismic design and to other cases where a certain reserve strength has to be assured. The 

condition is, however, that the strength should be measured at an appropriate strain rate, 

which for seismic events is likely to be much faster than in a standard tensile test. Work by 

Hirakawa et al. has confirmed that the strength in response to a seismic event depends 

only on the immediate strain rate and not to the time the material has been under 

sustained load (see section 3.4.5).  

 

Provided that the lifetime under load is a small fraction of the predicted time to rupture 

under that load, such as < 10%, then RFCR can be omitted and  

RF = RFID ·RFWE· RFCH ·fs. 

The modulus of the geosynthetic following a period under sustained load may have 

increased and will be dependent on strain rate as described in section 3.4.5. 

3.7.6 Presentation of creep strain and stress relaxation data for design 

It is not our purpose to comment on the methods used to calculate and design reinforced 

walls; only how to measure and predict the data that those methods require. Isochronous 

curves generally suffice to indicate the relation between strain, applied load and time. 

Creep strain should therefore be presented in this manner. 

 

 

 Fig. 3.92 

 Isochronous diagram of load  

 plotted against total strain  

 measured after specified  

 durations. 

 

 

 

 

 

 

 

 



CUR Building & Infrastructure Report 243 

 

 247 

0

5

10

15

20

25

30

0 5 10 15 20

Lo
ad

 (k
N

/m
)

Time dependent strain (%) between construction

(1000 h) and design lifetime (1000000 h)

 

Tests at at least four loads (typically 10%, 20%, 30% and 40% of tensile strength) are 

necessary to set up an isochronous diagram as in Fig 3.92. If the design temperature is 

not 20 ºC, adjust the durations on the isochronous lines as described in section 3.4.6.  

The following options describe how to derive a maximum design load given a limit on creep 

or relaxation (see also section 3.4.2.10): 

- Where further extension is possible the reinforcement will creep: in this case it may be 

specified that the total strain should not exceed a set limit. Where this maximum total 

strain is specified, read off the maximum load from the 1000000 h isochronous line. 

If in figure 3.92 the maximum total strain is 10% then line A-A shows that the design 

load for a 1000000 h design life would be 10 kN/m. 

- If instead of the total strain the maximum strain after construction is specified, and 

the duration of construction and loading is 1000 h, determine the maximum load at 

which the difference between the 1000 h and 1000000 h isochronous lines is equal 

to this strain. For example if the maximum strain after construction is 2% then line B 

in figure 3.92 gives a design load of 6 kN/m. It may help to draw a separate diagram 

as in figure 3.93. 

- Where further extension is prevented by anchoring the ends of the geosynthetic, the 

stress in the geosynthetic will relax. If it is specified that the prestress in the 

geosynthetic should not fall below a certain minimum, draw a vertical line to establish 

the stress on loading. In Fig 3.92 line C-C shows that an initial load of 20 kN/m will 

fall to 8 kN/m after 1000000 h. Note however that after creep or relaxation the 

response to rapid loading will be different, as described in 3.4.5.  

- If the geosynthetic can extend but is restrained by the soil there will be a combination 

of limited creep and limited stress relaxation. No precise rule can be given for this. 

The combined effect stress and the combined extension and relaxation (see section 

3.4.1) will have to be estimated from the isochronous curves. The soil should not be 

allowed to exceed its own failure strain. 

 

 

 Fig. 3.93 

 Isochronous curve showing the  

 strain developed between an  

 assumed loading time of 100 h  

 and a design life of 1000000 h  

 (114 years). 

 

 

 

 

 

 

 

 

 

The actual rate of loading during construction is likely to be very slow. The strain generated 

can be estimated from the isochronous curve corresponding to the loading period, as 

described above, or by performing tensile tests over a wide range of strain rates, 

establishing a relation between modulus and strain rate, and extrapolating this to the 
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strain rate experienced during construction. Bathurst et al have demonstrated that 

measurements based on creep tests give the higher but converge at longer times. 

Provided that the correct temperature is chosen, creep strain in geotextiles can be taken 

as insensitive to installation damage (except in severly damaged materials which would 

not be acceptable for use), weathering and most environmental effects. The creep of 

polyamides will be sensitive to humidity and that of polyesters may be to a limited extent, 

but there is insufficient data to define this. Design data can therefore be derived from an 

isochronous diagram adjusted, if necessary, to the design temperature, with no further 

reduction factors.  

Note that the actual strains occurring in a construction have always been measured as 

much smaller than those predicted in the calculations. The main reason for this that in the 

calculations for the serviceability (or service limit state) the assumptions (in situ 

temperature, loads, construction strain, weights, etc) are still very pessimistic resulting in 

estimates of strain that are too high. 

3.7.7 Drainage geosynthetics 

3.7.7.1 General remarks 

Drainage geosynthetics were described in chapter 2.2 and in the context of compressive 

creep in chapter 3.5. While their principal function is to allow water flow in the plane, they 

act simultaneously as filters. They must have sufficient mechanical strength to resist 

pressure from the soil or waste, they must be resistant to leachates and in some cases 

offer a level of mechanical protection. 

Life prediction of drainage geosynthetics consists of two parts (Müller et al 2008): 

- avoidance of flow stoppage due to collapse or oxidative degradation 

- maintenance of sufficient flow (transmissivity) over the design life after allowing for the 

effects of compressive creep, intrusion and clogging. 

3.7.7.2 Collapse and oxidative degradation 

Prediction of time to collapse of the core should be based on tests comprising the 

following: 

- Perform compression tests over a range of compressive loads, augmented by shear if 

appropriate, and measure the time to collapse 

- Establish a diagram similar to figure3.85. 

- Extrapolate the fitted line from high loads and short times to lower loads and long 

times to predict the time to collapse under service conditions or, conversely, the 

maximum compressive load corresponding to the design life. 

 

Further information is given in chapter 3.5. The tests should be performed at the service 

temperature, or tests should be performed over a range of temperatures to establish a 

shift factor as for tensile creep. Müller et al. developed a testing device which allowed 

testing of samples under a slope, in a test chamber at various temperatures. 

Different cores behave very differently. Müller et al showed that a core consisting of a 

wide, flexible, wave-formed random array of extruded PP monofilaments deformed steadily 

under high pressure with no predicted instability, while one consisting of a rigid zig-zag 

array became unstable at a compressive deformation, which was further reduced by shear 
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stresses and high temperatures, such as are present on the side slope of a landfill. Any 

such tests are specific to the type of drainage material tested. 

Many drainage cores consist of polypropylene and polyethylene which degrade by 

oxidation leading to loss of strength. The material in the core may well have a low degree 

of orientation, be less comprehensively stabilized or contain recycled polymer. If the core 

degrades far enough it will collapse and obstruct flow. The methods for accelerated 

chemical degradation described in 3.1 are not necessarily suitable for determining RFCD 

for change in flow rate after exposure, not least because of the size of sample required, 

and it may be necessary to base predictions on a property such as tensile strength. The 

procedure is therefore: 

- Predict the service life of a polypropylene or polyethylene core (and of the filter fabric if 

required) for oxidation as described in 3.8.1.  

 

Müller et al. (2009) performed an extensive analysis of the oxidative behaviour of three 

different types of drainage materials, each comprising nonwovens and cores. They 

recommend oven ageing tests coupled with determination of the depletion of antioxidants, 

measured using OIT or chemical analysis, which is essential in the case of HAS stabilizers. 

The rate of depletion is described by an exponential formula and in some cases by two 

exponential terms superimposed. End of life is approximately 10% residual antioxidant, 

beyond which the strength begins to degrade, although the critical content is even less for 

phenolic and phosphitic antioxidants. The durations to this end point depend on 

temperature and can be fitted to an Arrhenius equation and extrapolated to service 

temperatures. This is regarded as more reliable than the extrapolation of mechanical 

strength where the activation energy can change at about 80 ºC. Apart from the obvious 

factors such as temperature and fibre thickness, the rate of depletion was found to be 

unexpectedly lower for thick nonwovens, while water immersion led to the leaching and 

also hydrolysis of certain antioxidants. Note that a landfill environment may be hot and 

contain transition metal ions, which will accelerate degradation, but may also be depleted 

of oxygen, which will retard it.  

3.7.7.3 Restriction of flow  

The methods for predicting the reduction in flow due to compression creep are described 

in chapter 3.5. The FGSV Merkblatt (2005) proposes tests under normal loads of 20, 50, 

100 and 200 KPa, with added shear when the application is a side slope. 

Measurement of creep is however not sufficient on its own and must be complemented by 

tests to establish the relation between compressive strain and flow (Müller et al. 2008, 

Giroud et al 2000b). The effect of a soft bedding, which intrudes into the drainage space, 

must be considered either by performing tests using this bedding, or by applying a factor 

equal to the ratio of the transmissivities using soft and hard bedding measured in short-

term tests. If temperature accelerated tests are used, a shift factor will be generated with 

which it is possible to make predictions for creep at lower soil temperatures. 

Giroud et al. (2000a, 2000b) attempted to predict long-term water flow by a reduction 

factor approach as follows:  

RFIMCO Reduction factor for instantaneous compression 

RFIMIN Reduction factor for instantaneous intrusion by the soil 

RFCR Reduction factor for time-dependent compression of the core (compressive 

creep) 

RFIN Reduction factor for time-dependent intrusion of the soil 
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RFCD Reduction factor for chemical degradation 

RFPC Reduction factor for particulate clogging 

RFCC Reduction factor for chemical clogging 

RFBC Reduction factor for biological clogging 

 

All these effects are regarded as independent of one another, such that they can be 

multiplied to derive an overall reduction factor RF. 

Note that the effects of weathering and installation damage are excluded. Since drainage 

materials will always be buried in the soil, weathering is not regarded as an issue provided 

that the index tests and time limits on exposure described in chapter 3.3 are fulfilled. 

Mechanical damage will have only an indirect effect on flow rate, but correct installation 

procedures are essential as with all geosynthetics. 

RFIMCO and RFIMIN can be set equal to 1.0 provided that original method used to measure 

transmissivity uses the same level of compression and type of bedding as are anticipated 

in the soil. While this is by no means always the case, these tests can easily be performed 

in the short term.  

RFCR and RFIN are measured as described in 3.5. No particular methods have been defined 

for the determination of the remaining factors. For chemical degradation use the methods 

described in 3.7.7.2 to predict the flow at the design life: RFCD is then the initial flow 

divided by this predicted flow. Biological degradation (RFBC) can be caused by clogging and 

by root penetration for which tests such as EN 14416 exist, though not related to 

reduction in flow. No attempt is made to estimate the time over which roots of more 

familiar species might penetrate the nonwoven, attracted by the ready presence of water 

within the geosynthetic. 

For drainage geosynthetics with a geonet core Giroud et al. proposed ranges of values for 

RFCC and RFBC, together with similar ranges for RFCR and RFIN, but were unable to propose 

values for RFCD and RFPC (table 3.13). 

Table 3.13 Ranges of reduction factors for drainage geosynthetics with a geonet core 

after Giroud et al. (2000).  

Examples of application Normal 

stress 

Liquid RFIN RFCR RFCC RFBC 

Landfill cover drainage layer 

Low retaining wall drainage 

Low Water 1.0 to 1.2 1.1 to 1.4 1.0 to 1.2 1.2 to 1.5 

Embankment, dams, landslide 

repair 

High retaining wall drainage 

High Water 1.0 to 1.2 1.4 to 2.0 1.0 to 1.2 1.2 to 1.5 

Landfill leachate collection layer 

Landfill leakage collection and 

detection layer 

Leachate pond leakage 

collection and detection layer 

High Leachate 1.0 to 1.2 1.4 to 2.0 1.5 to 2.0 1.5 to 2.0 

 

The procedure is therefore: 

- Measure compressive creep at 20, 50, 100 and 200 KPa, with added shear when the 

application is a side slope. 

- Predict the thickness at the design life. 

- Establish a relation between thickness and flow to predict the flow at the design life. 

RFCR is the ratio of the initial flow to this predicted flow. 
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- Perform creep tests using hard bedding (no intrusion into the flow space) and using 

soft bedding. RFIN is the ratio of the first to the second. If this information is not 

available from creep tests, use the results from short-term tests under compressive 

loads.  

- Alternatively use default factors for RFCR and RFIN from table 3.13. 

- Use default factors for RFCC and RFBC from table 3.13. 

- If chemical degradation is likely to obstruct flow (as opposed to causing complete 

collapse), estimate RFCD. 

- If particulate clogging is likely, estimate RFPC. 

- Then calculate the predicted flow at the end of the design life as the initial flow divided 

by RFCR × RFIN × RFCC × RFBC × RFCD × RFPC. 

- Separately, state the predicted time to collapse for a given compressive load and 

temperature or, conversely, the maximum compressive load that will not lead to 

collapse within the design life. 

- Separately, state the time after which oxidation is predicted to lead to collapse or, 

conversely, state that collapse is not predicted to occur within the design life at the 

service temperature.  

 

Do not allow for safety in the above factors as in addition there will be a factor of safety 

which will take into account structural factors. GSI(2001) and Giroud (2000)recommend a 

value of 2.0.  

Note however that Müller does not advise the use of reduction factors to predict flow, but 

prefers determination of a design life under specified (required) conditions as described in 

chapter 3.8.  

 

Summary 

- For reinforcement applications: 

o Establish the characteristic tensile strength 

o Determine the reduction factors which represent the effects of sustained load 

(RFCR), damage (RFID), weathering (RFW) and the environment (RFCH). Each 

factor refers to a particular design life and temperature and is derived from a 

specific series of tests. In some cases generic default factors have been 

proposed. 

o Determine the safety factor to take into account the uncertainties. Reduction 

and safety factors are combined in different ways.  

o Divide the characteristic strength by the reduction factors and the safety factor 

to give the design load. 

o Present creep strain as an isochronous diagram for a reference temperature. 

This is not subject to reduction factors. Any limit on strain can then be 

converted to a limit on design load. 

o For seismic design perform tests which establish the changes in material 

properties following a period of sustained or dynamic loading. 

o For oxidation (Mode 3) instead of calculating RFCH consider a simple 

comparison of predicted time to failure with the design life.  
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- For drainage geosynthetics: 

o Predict the time to collapse for a given compressive load and temperature or, 

conversely, the maximum compressive load that will not lead to collapse 

within the design life. 

o Predict the time after which oxidation is predicted to lead to collapse or, 

conversely, state that collapse is not predicted to occur within the design life 

at the service temperature. 

Predict the flow at the end of the design life taking into account the effects of 

compressive creep, intrusion by soft bedding, chemical degradation of the core and 

particulate, chemical and biological clogging. 
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3.8 Conclusion 

 

J.H. Greenwood 

3.8.1 Assessment procedure 

For all applications the procedure is as given in the following steps. 

 

Identify the geosynthetic. The summary to chapter 2.1 lists the following characteristics: 

- Identification of the product (commercial name)  

- type of polymer (composition, morphology, additives, coatings) 

- physical structure of the geosynthetic: e.g. thick or thin fibres forming a woven or 

nonwoven fabric, extruded geogrid, coated fibrous strip, geosynthetic clay liner, 

continuous sheet.  

- joints forming part of the structure of the geosynthetic (e.g. woven, welded, integral) 

- mechanical and hydraulic properties (depending on function) 

- thickness or mass/unit area 

 

Define its function and the environment. Chapter 2.2 provides examples of the 

applications of geosynthetics and the environment likely to be experienced by the 

geosynthetic. In particular, define the temperature. 

 

From the function, identify the key property, such a strength for a reinforcement, flow in 

the plane for a drainage geosynthetic, or permeability for a filter.  

 

Define the design life (section 2.3.4) and the design temperature, and, if necessary, the 

concentration of aggressive media such as acids, alkalis and landfill leachates in the 

design environment (see sections 2.2.2 to 2.2.4). Where hydrolysis is a priority, define the 

local soil saturation.  

 

From the above information, identify and prioritise the most likely forms of degradation. 

table 1.2 lists the most likely forms of degradation for particular functions. The examples 

of applications in chapter 2.2 also state the principal forms of degradation. As discussed 

in section 2.3.9.2, each form of degradation is considered separately, with the exception 

of temperature which in many cases will accelerate the rate of degradation.  

 The forms of degradation for consideration include: 

- Mechanical damage (see chapter 3.6) 

- Oxidation (see chapter 3.1) 

- Photo-oxidation due to UV (weathering) (see chapter 3.3) 

- Hydrolysis (see chapter 3.2) 

- Attack by acids, alkalis and landfill leachates (see chapter 3.1) 

- Leach out of additives (see chapter 3.1) 

- Compressive or tensile loading (see chapters 3.5 and 3.4) 

- Microbiological attack. 
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Forms of degradation that principally apply to thermoplastic geomembranes (geosynthetic 

barriers) are not listed. They include the swelling effect of solvents and environmental 

stress cracking. Freeze-thawing cycles, wet-dry cycles and ion exchange are effects 

specific to geosynthetic clay liners (clay geosynthetic barriers). 

 

Decide whether assessment of durability is to take the form of: 

- Reduction factors to be applied to the key property to give a reduced value that can 

be used in design 

- Definition of a time-dependent property as a table or graph to be used in design, 

rather than as a reduction factor. 

- Statement of lifetime, for a single form of degradation 

- Use of an index test to establish durability for a single form of degradation. 

 

Examples of reduction factors are: 

- For reinforcement applications durability will be taken into account by reduction 

factors which reduce the long-term strength of the reinforcement in design, together 

with predicted strains in the form of a table or a graph. This has been described in 

sections 3.7.1 to 3.7.6. 

- For drainage applications durability will be taken into account by considering 

reduction factors for transmissivity (flow of water in the plane) due to compressive 

creep, and statements of lifetime for collapse together with chemical degradation of 

the core. This has been described in section 3.7.7. 

 

Index tests are used for applications with a design life of up 25 years, subject to certain 

other conditions on the composition of the material and the environmental conditions, 

according to the European system. Durability is assured by the fact that the geosynthetic 

passes the index tests listed in section 1.7. As we have seen, equivalent tests are not yet 

available for durations of >25 years, as well as for the following situations: 

- Where pH<4 or >9, in particular for polyester geosynthetics in highly alkaline 

environments with pH> 10, near concrete, lime or cement 

- When the soil temperature is > 250C (also < 00 C, although degradation due to the 

mechanical effects of frozen soil is not considered)  

- When recycled materials are used, provided that they are of a constant and controlled 

quality. 

 

 Other index tests, leading to appropriate materials selection include: 

- Use of a robustness classification for mechanical damage (see section 3.6.3) 

- Index tests, if acceptable, for the hydrolysis of polyesters (see chapter 3.2). According 

to ISO/TR 20432 these can be either fulfilment of EN 12447 (as for 25 years) or that 

the number-averaged molecular weight Mn, measured to ASTM D2857, exceeds 

25.000 and that the carboxyl-end-group count is no greater than 30. In this case the 

material should be durable for 100 years in saturated natural soil at up to 25 ºC with 

4<pH<9, with some reduction in strength.  

- Abrasion (see section 3.6.8) 

- Protection efficiency (see section 3.6.9) 
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In all other situations, in particular for lifetimes greater than 25 years, further testing is 

required. Determine the method to be used, the property to be measured and the end-of-

life criterion. This is discussed in chapter 2.3 and section 3.7.6. Examples are: 

a. Oxidation testing as described in chapter 3.1. The oven ageing methods ISO 13438 A 

and B can be performed over a series of temperatures and times. Define a single end 

point, such a 50% retained strength. The tests should be planned as described in 

chapter 2.3 and the results used to create an Arrhenius diagram from which the 

lifetime under service conditions can be derived. 

b. Perform the same procedure, and in addition monitor the stabiliser content by OIT or 

chemical analysis. Divide the duration of each test into two or three stages, 

characterised by  

- The anti-oxidant depletion time (stabiliser content unchanged) 

- The induction time to onset of polymer degradation (stabiliser content changes, 

but no reduction in strength) 

- The time to reach a drop of 50% in strength or elongation (ref. section 3.1.4.3 

and figure 3.1.9 and 3.1.10).  

Construct an Arrhenius diagram for each stage and extrapolate to find the duration of 

each stage under service conditions. Finally, add the durations for each stage to give 

the total service life. 

c. Alternatively, use ISO 13438 Method C at different temperatures and oxygen 

pressures and extrapolate to the service temperature and an oxygen pressure of 0.21 

bar, equivalent to the oxygen content of ambient air (see section 3.1). 

d. Use a procedure as in a) to determine the lifetime in acids, alkalis or landfill leachates. 

If a higher concentration is used than is found in service, a test as in EN 14030 must 

be performed at different concentrations as in c) in order to establish the relation 

between concentration and lifetime. If leaching of additives has to be taken into 

account, divide the duration into two stages as in b), the first stage being the removal 

of additives and the second the subsequent reduction in strength. 

e. For hydrolysis of polyesters use the procedure of EN 12447 can be extended to lower 

temperatures and longer times to yield an Arrhenius diagram (Schmidt et al. 1994). 

Use uncoated yarns. Chapter 3.2 describes the test methods and interpretation of the 

results in detail. Note that ISO/TR 20432 allows an index test for polyester yarns (see 

section 1.7.4). 

f. The tests for the effect of mechanical loads in tension or compression can be 

accelerated as described in chapters 3.4 and 3.5. These methods are intended for 

reinforcement applications and may have to be adapted to suit the specifications for 

non-reinforcing applications. 

 

For more information see Euro4 Keynote paper: "Long-Term performance and lifetime 

prediction of geosynthetics", by Hsuan et al (2008). 

 

Long-term weathering presents a particular problem, since there is no method available to 

simulate long-term weathering within a reasonable time. This is discussed in chapter 3.3. 

The same difficulty applies to microbiological attack. The test method in EN 12225 

represents optimum conditions for this form of degradation, but these cannot be further 

accelerated. However, high molecular weight synthetic polymers commonly used in 

geosynthetics are in general not affected by the action of fungi and bacteria and the 

European system states that no testing is required on virgin (not recycled) polyethylene, 
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polypropylene, polyester (polyethylene terephthalate: PET) and polyamides 6 and 6.6. The 

method must be applied to other materials including vegetable-based products, new 

materials, geocomposites, coated materials and any which are of doubtful quality. 

Predict the service life. This should state: 

- The geosynthetic 

- The environment for which the prediction is made: 

o soil gradation, angularity, compaction  

o soil pH, presence of contaminants 

o temperature 

o saturation 

o exposure to light 

- The property measured, and the end-of-life criterion 

- The predicted lifetime  

- The level of confidence 

- Any conditions applying to the prediction, e.g. correct installation practice. 

 

Alternatively, predict the properties of the geosynthetic at the design life or express 

them as one or more reduction factors.  

 

State the consequences of the prediction. For example state that, within the limits of 

current knowledge and assuming a certain environment, the geosynthetic will continue to 

fulfil its function throughout that design life, e.g. that material X, in environment Y, is 

expected to fulfil its function according to end-of-life criterion Z, for a minimum lifetime T. 

Note that some requirements may be higher at the installation stage (see section 2.3.3). 

Alternatively, according to ISO/TS 13434, it can be stated that: 

- The geosynthetic is sufficiently durable: 

o No change in the available property is predicted at the end of the design life. 

o  A change in the available property is predicted at the end of the design life and 

the level is acceptable. 

o The ratio of the predicted available property to the predicted required property at 

the design life is acceptable. 

o  The margin between the design life and the predicted end of life is acceptable.  

- The geosynthetic should be replaced after a stated number of years. 

- A sample of geosynthetic should be extracted after a stated number of years to 

determine the level of degradation; a decision regarding replacement will depend on 

the result. 

- If replacement or extraction is impractical, the geosynthetic is not sufficiently durable 

for the application. 

3.8.2 Expertise required to assess life time predictions 

As shown in the previous chapters, durability testing is complicated and requires special 

equipment to perform. In Europe the laboratories accredited to do this testing are listed 

(see section 1.7.6). The evaluation of the results is even more complicated. Many factors 

and circumstances can influence the results and the extrapolation over decades is difficult 

to make. 
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The following notes are intended for the independent assessor who has to make, or more 

commonly check, a prediction. 

- Make an unambiguous identification of the product. Demand a technical data sheet or 

website address and at least a small – typically A4 sized – specimen of each product 

covered (this provides physical proof that the product actually exists). Check its 

general appearance, particularly when the assessment is for a range of similar 

products. 

- Check the test certificates. The reports or certificates describing the results of tests 

should state clearly the source and identification of the material tested as well as the 

test method and the results. Check that testing has been performed, or in exceptional 

cases witnessed, by independent or accredited laboratories. 

- Check the strength and other requirements. The CE-marking certificate and quality 

assurance data may provide assurance of a characteristic strength, or more 

commonly a nominal strength. Check how this is defined. Check the results of control 

tests to see that the nominal strength is achieved – if not, question the data. 

- Note the validity of index tests. Those in Annex B to the European geotextile 

applications standards EN 13249-13257 and 13265 assure 25 years' durability for 

the most common materials and environments. These are listed in chapter 1. 

Installation damage and creep are handled separately. The results of these tests are 

not sufficient on their own to ensure longer lifetimes, or to make predictions for more 

severe environments. 

- Be conservative. If appropriate, add conditions on the manner in which the 

geosynthetic is stored and installed and in particular on the quality and inspection of 

joints. This is even more critical for geomembranes. 

 

Particular problems arise when evidence is presented for similar but not identical 

products, or from exhumed material. The method for handling these is described in the 

following sections. 

3.8.3 Use of data obtained on similar products 

In many cases data is presented on a material that is similar to but not identical with that 

being assessed. A judgment has to be made on whether this data applies. In general, the 

two materials should be similar in fibre diameter and textile structure and consist of the 

same polymer with similar additives, with particular reference to the principal mode of 

degradation: additives for oxidation, CEG count and molecular weight for polyesters, 

tensile strength and modulus for mechanical properties. This should be confirmed by 

visual examination of samples as well as a limited programme of short-term tests, such as 

OIT testing for additives, tensile tests or one week creep tests for reinforcements. The 

results short-term tests can provide useful evidence on whether the products can be 

regarded as sufficiently similar. 

It is sometimes argued that newer grades of material should be better and that predictions 

based on earlier products should therefore be conservative, but remember that newer 

grades of material may have been introduced because they are cheaper, with a lowering of 

performance. 
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3.8.4 Data from exhumed material  

3.8.4.1 Check list 

At first sight, data from exhumed material forms an ideal basis for life prediction as it 

represents real life experience in a way that accelerated testing never can. There can be 

no questions about the material. However, the data refers only to the particular 

environment experienced: details of environment may not have been monitored and will it 

stay the same over the future life of the geosynthetic? 

The following is a check list for data from exhumed material: 

- What was the geosynthetic?  

o From the construction records or from labelling on the product determine the 

type of material used. Look for possible archive material, corners or cut-offs that 

may not have degraded – for example in comparing weathered material with 

unexposed material. 

- Was it installed correctly, or is the degradation due to mechanical damage on 

installation? 

o Correct installation is an essential condition. Poorly installed geosynthetics will 

degrade and fail early due to the faults introduced. Changes in the strength of 

exhumed geosynthetics can often be attributed to installation damage alone, and 

that these changes mask any possible environmental degradation. Such results 

only stress the importance of exhuming some samples directly after installation, 

if only to provide a means of eliminating such effects when comparing results. 

Even then, the strength of damaged material is very variable and, in spite of 

eliminating the effects of the damage, the statistical variability of the corrected 

tensile strength may not allow any conclusion to be drawn about the presence or 

absence of environmental degradation. There have been several instances where 

any reduction in strength which might have been detected has been obscured by 

mechanical damage caused during the original installation. 

- What was the environment? 

o What was the temperature pattern? If the material was exposed, what was the 

solar radiation and rainfall. If it was underground, where was it placed and what 

was the local saturation, soil granularity and pH? It may be necessary to refer to 

meteorological data on air temperature, rainfall or solar radiation from a nearby 

weather station. In general the environment in practice will turn out to be more 

benign than that used in the original design. 

- Were any measurements made on the material during service? 

o Ideally, one exhumation should have been made directly after installation, to 

allow the effects of installation damage to be measured and then eliminated, and 

a second exhumation halfway through the period over which the geosynthetic 

was in service. 

- Was there a change in properties?  

o If so, were the measurements statistically significant? 

- Can the measurements be extrapolated and how do they relate to failure or end-of-

life? 

- Are other forms of degradation present (e.g. weathering)? 

o Other forms of degradation must be isolated and, if they are not relevant to the 

conditions of lifetime prediction, eliminated by the use of control samples. 
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- What is the weakest point? 

o It may be necessary to allow for stress concentrations at joints or welded seams, 

for areas exposed to weathering, or to temporarily higher pH levels near concrete, 

for example. 

- How does the time interval relate to the design lifetime? 

o Inevitably, most exhumations to date have been made after only a small fraction 

of anticipated design lifetimes. 

 

The emphasis given to data from exhumed material depends on the appropriateness and 

precision of the data. Often there is too much uncertainty, for example the load applied is 

lower than was designed for, the soil temperature was not measured, the pH decreased 

with time, no archive material is available for comparison, or the exhumed material is not 

the same as today's product. Ultimately the assessor himself will have to decide on the 

quality of the data from exhumed material and the priority which it is to be given in the 

assessment.  

3.8.4.2 Comparing data from exhumed material with the predictions from accelerated testing 

One use of data from exhumed material is to check the predictions from accelerated 

testing. The results of accelerated testing should then be extrapolated to the conditions – 

in particular the temperature - experienced by the exhumed material, rather than the 

theoretical design conditions. Where a design temperature differs from the mean 

temperature experienced by the exhumed material, then the Arrhenius diagram may be 

used to compare the rates of degradation at these two temperatures and the design 

lifetime adjusted accordingly. 

If the prediction equals the result of the tests on the exhumed material, then it provides a 

validation of that prediction. If the exhumed material performs better than predicted, then 

the prediction is conservative and the assessor may consider an adjustment. If the 

exhumed material performs worse than predicted, then it should first be checked whether 

the difference is due to damage while the geosynthetic was being installed, or when it was 

being excavated. If this is not the case, then it shows that the prediction is too optimistic 

and should be adjusted accordingly. 

A problem arises when no change is recorded. There are many publications describing 

tests on geosynthetics that have been exhumed after a period in service with no 

conclusive evidence of degradation. Marketing managers delight in results demonstrating 

that "no degradation was observed", failing to mention that none was predicted for the 

limited time the geosynthetic was in the soil. All this tells the scientist that there is no 

unexpected premature degradation. Only if some change is actually detected and 

measured can the results be used for numerical lifetime prediction. 

3.8.4.3 Extrapolation of the results from exhumed samples 

The other possibility is to make a prediction directly from the results on the exhumed 

material. The geosynthetic should have been in service for at least a tenth of the design 

life, i.e. 10 years' service for 100 years' prediction, or longer if degradation takes place in 

one or more sequential stages. The measurements should be precise and sufficient in 

number for the rate of change to be detected and measured with statistical significance. 

The method of measurement should be identical throughout. Further details are given in 

ISO TR 13434 and ISO 13437. The change can then be extrapolated to the design 
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lifetime. If the parameter measured does not change linearly with time, then the 

dependence will have to be deduced from the known behaviour of the material or 

empirically. There may be another property, such as stabiliser content, which can be 

measured more precisely or whose change precedes any change in strength. The general 

principles of extrapolation are given in chapter 2.3. 

Müller-Rochholz et al (2002) made such a prediction for polypropylene fibres used in a 

landfill by monitoring the content of phosphate stabilizers over a period of 20 years. While 

a clear decrease was observed, it was necessary to assume an exponential relation, 

extrapolate it to 120 years, and assume a minimum stabilizer content of 10% as an end-of 

life criterion. The resulting graph is shown in figure 3.94. 

 

 

 Fig. 3.94 

 Reduction in stabilizer content  

 of a polypropylene used in a  

 landfill measured over 20 years  

 and extrapolated to 120 years. 

 After Müller-Rochholz et al  

 (2002). 

 

 

 

 

3.8.5 Planning for monitoring 

While extrapolation of the results of regular monitoring provides an ideal, if site-specific, 

method for life prediction, where materials have been exhumed there is often a lack of 

critical information on, for example, the environment, or an absence of control material. 

This limits use of the results for other sites and applications. To provide for better 

information in the future, samples should ideally be installed with the deliberate intention 

of extracting them at set intervals in order to monitor the degradation. Although the 

evidence from installed samples will not be available for many years, well planned 

extractions will provide vital information, both in validating accelerated tests and possibly 

in warning of incipient loss of properties or of unexpected effects. Experience is the only 

definitive validation of durability and lifetime.  

 

The following is a check list for the installation of samples for monitoring (see also ISO 

13437): 

Decide at the start on: 

- the properties to be monitored ; 

- the frequency of measurement; 

- the number and size of samples; 

- indelible labelling of samples; 

- the method of extraction, so as to minimize damage; 

- how the environment is to be monitored; 

- how and where the control material is to be stored; 

- how the location of samples is to be recorded; 

- how and where records are to be kept. 
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Note in particular: 

- Choose properties that are likely to change within the timescale of the tests (e.g. 

intrinsic viscosity), even if these have then to be correlated with the functional 

properties (e.g. strength). 

- Choose properties than can be measured with minimum variability. 

- Choose properties that can be compared with the results of accelerated testing. 

- If possible set up long-term laboratory tests on the material at temperatures that are 

elevated but require extensive time periods, for example 60, 70 and 80°C, and 

monitor the rates of degradation.  

- Include reserve samples. 

- Choose neighbouring samples for exposure and control purposes 

- Measure temperature, if possible pH and soil moisture content, and for exposed 

samples the radiant exposure. 

- If high surface temperatures are expected, install samples close to the surface, since 

higher temperatures increase the rates of ageing and creep of polymers dispro-

portionately. 

- Ensure that the method of extraction should minimize disruption to the structure and 

damage to the samples. 

- Eliminate the effect of mechanical damage by installing and then immediately 

extracting samples which will then have been subject to installation damage but not 

to long-term degradation. 

- A paper copy of all records should be kept in addition to electronic data in to ensure 

that they can be retrieved in many years' time.  

- A cool and dark environment is recommended for the control material; avoid PVC-bags 

because of softener-migration. 

- When these are established the durability can be reassessed with a higher level of 

confidence. 

- Do not expect immediate results: be patient. 

3.8.6 Remanent life assessment 

As geosynthetics approach the end of their design life the question will undoubtedly be 

asked: will they last another, say, fifty years? The more expensive they are to excavate and 

replace, the more important the question. Surely, it may be argued, the environment 

experienced by the geosynthetic has been more benign that was originally allowed for in 

design? There must be life left in the old dog. 

In other fields of industry a considerable science has evolved in remanent life assessment, 

particularly in power stations and petrochemical plant. They have the advantage in that 

the operating conditions of such a plant – unlike a landfill or a reinforced wall – are 

generally well documented. The first stage in such an assessment is therefore to go 

through the original design process inserting the actual operating conditions – in our case 

environmental conditions – instead of those used in the original design. This will give an 

initial estimate of how far degradation should have proceeded – how much creep strain, 

how much remaining stabilizer. The next stage, and a more expensive one, is to perform a 

physical examination – to measure and observe on site, and to take samples for 

examination in the laboratory. These measurements should be made such that they can 
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be compared directly with the calculated predictions, and they can be used to modify 

those predictions. Real experience always dominates over theory. 

Having achieved a uniform picture of the rate of degradation, conclusions can be drawn. 

The simplest and most desirable conclusion is that the geosynthetic will continue to 

function for the required life extension. The undesired conclusion is that it has already 

passed its end-of-life criterion and requires immediate replacement. In between the two 

are conclusions such as to reassess the material after a set time, or to introduce regular 

monitoring with a predetermined limit.  

Such procedures are for the future, but note that there is already an established 

methodology which has proved itself in other branches of industry. 

3.8.7 Final remarks 

 

Former US Defense Secretary Donald Rumsfeld's quotation. Much mocked at the time, it 

is in fact a perfectly logical statement that applies equally to life prediction in 

geosynthetics. 

…as we know, there are known knowns; there are things we know we know. We also know 

there are known unknowns; that is to say we know there are some things we do not know. 

But there are also unknown unknowns - the ones we don't know we don't know. 

 

So far the durability of geosynthetics has proved to be very good. The most common 

causes of degradation have been incorrect materials selection or structural design, 

followed by installation damage and weathering. Very few changes have been attributed to 

oxidation or hydrolysis. With geomembrane failures caused by poor material selection and 

incorrect installation have led to improved materials, better installation practice and 

quality control. Never forget that life prediction is only of any value if the geosynthetics are 

installed correctly. 

Do not forget how long 100 years is. This document is being prepared in 2012. 1912 saw 

the sinking of the Titanic, Amundsen's return from the South Pole and the Stockholm 

Olympics. Much has happened since.  

Any prediction is an estimate. Nobody expects that on completion of its predicted lifetime 

a geosynthetic will lose all its strength, any more than bread bought from a food market is 

found covered in grey mould the day after its printed sell-by date. Degradation is slow, 

fickle, and sensitive to the environment. A prediction can only take into account the known 

forms of degradation – the 'known knowns' in Donald Rumsfeld's famous quotation 

reproduced in the box above. A safety factor may cover the 'known unknowns'. But the 

prediction can never take into account the wholly unexpected – the 'unknown unknowns'. 

One of the authors scared a geosynthetics manufacturer by suggesting that a biological 

organism could mutate into a form that would devour his geogrid – and then spent an 

hour explaining that this was science fiction. Climate change will change the environment, 

but we are not sure how. The prediction is the best we can do with what we know, and 

those that follow us will either praise or disown our efforts long after we have joined the 

company of geosynthetics deep under the soil. 
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Summary 

- A procedure is set out for determining the durability of geosynthetics (except where 

reduction factors are used). 

- From this it may be concluded that the geosynthetic is or is not acceptable for use, 

or that it should be inspected and/or replaced at set intervals. 

- Advice is given on the items to be checked, the use of data from similar products. 

- Data from exhumed material may be taken into consideration under certain 

conditions. It can be used to validate the predictions from accelerated testing.  

- Guidelines are given for the monitoring of geosynthetic structures, where this is 

possible. 

- Guidelines are given for the assessment of the remaining life of a geosynthetic that 

has been in service for some years. 

- So far the durability of geosynthetics has proved to be very good: most failures 

have been due to incorrect materials selection or faulty installation, emphasising 

again the importance of correct installation procedures for durability. 

- Any prediction is an estimate only. 
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Attachment A: Design procedure and design of the 

geosynthetic 

 

A.1 Design Procedure 

The starting point of any design activity is a need or an idea, and the end point is a product 

that fills the need and embodies the idea.  

 

 

 Fig. A.1 

 Main phases of the design  

 Procedure. 

 

 

 

 

 

 

 

 

 

 

 

 

The main phases of the design procedure (or technical process), referring to figure A.1 are: 

1. Requirement analysis (clarification of the task by collecting the information about the 

requirements and the project constraints; requirements can be customer, functional 

(what), performance (how many, how far, when and how long and how often), design 

(e.g. how to execute), requirements ) 

2. Functional analysis and allocation (translation of the requirements into a coherent 

description of system functions that can be used to guide the Design Synthesis 

activity that follows. 

3. Design synthesis (the search for suitable solution principles and their combinations 

into concept variants/design alternatives. During concept development, synthesis 

produces system concepts and establishes basic relationships among the 

subsystems. Selection of the overall topology, type of structure, and materials are 

some of the decisions to be made by the designer at the conceptual design phase. 

During preliminary and detailed design, subsystem and component descriptions are 

elaborated, and detailed interfaces between all system components are defined. 

 

By means of requirements loop, the requirements will be revisited as a result of the 

functional analysis, caused for example by a functional conflict by mutually incompatible 

requirements. The design loop allows the verification that the physical design synthesized 

can perform the required functions at required levels of performance and help optimize 

the synthesized design. By means of the verification, for each application of the system 

engineering process, the solution will be compared to the requirements and will be verified 

of it works as thought it would. 
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 Fig. A.2 

 Verification and validation  

 according to the v model for  

 all steps in the engineering  

 process, as it is being used by  

 the Dutch Department of  

Transport (RWS) for all projects. 

 

 

 

 

 

 

 

 

 

 

 

Verification: it works as I thought it would. 

Validation: it looks just the real thing. 

 

Design factors commonly considered are: 

 

- functional requirements 

- physical constraints 

- specifications 

- aesthetics 

- cost 

- manufacturing 

- evaluation/testing/analysis 

- maintenance 

- retirement 

 

Detailed information about the design processes with geosynthetics can be found in 

several textbooks. The most important ones are listed below. 
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Index Property EN EN ASTM

Physical Properties

Thickness EN-1849-2 EN ISO 9863-1  ASTM D5199

Mass per unit area EN-1849-2 EN ISO 9864 ASTM D 5261

Hydraulic Properties

Characteristic opening size 

O90 EN ISO 12956

Apparent opening size ASTM D4751

Water permeability normal to 

plane V150 EN ISO 11058 ASTM D4491

Water permeability (liquid 

tightness) pr EN 14150 ASTM D4491

Waterflow capacity in the 

plane (flow rate q at specified 

loads and gradients) EN ISO 12958 ASTM D4491

Percent open area COE-022125

Mechanical Properties

Tensile strength (wide width) EN ISO 10319 ISO R 527 ASTM D4595

Grab Tensile Strength EN ISO 13934-2 ASTM D 4632

Tensile strength of seams and 

joints EN ISO 10321 ASTM D4595

Elongation (at maximum load) EN ISO 10319 ISO R 527 ASTM D 4595

Static puncture (CBR test) EN ISO 12236 ASTM D 6241 (replaced D4833)

Dynamic perforation 

resistance (cone drop) EN ISO 13433 (replaced EN 918)

Friction Direct shear prEN ISO 12957-1 ASTM D3080

Friction Inclined Plane prEN ISO 12957-2

Tensile Creep EN ISO 13431 ASTM D6992

Damage during installation ENV ISO 10722-1

Protection efficiency prEN 13719:1999

Trapezoidal tear D 4533

Mullen burst D 3786

Thermal Properties

Low temp behaviour (flexure) EN 495-5

Thermal expansion ASTM D 969-91

Durability and Chemical 

Resistance

Durability according to annex B Annex B

Resistance to weathering EN 12224

UV resistance ASTM D 4355

Resistance to chemical aging

ENV ISO 19260 or ENV ISO 

13438 ENV 12447

Oxidation prEN 14575

Resistance to microbiological 

degradation EN 12225

Environmental stress cracking ASTM D 5397-99

Leaching (water soluble) EN 14415

Wetting/drying prEN 14417

Freezing/thawing prEN 14418

Root penetration prCEN/TS 14416

Attachment B: List of comparable EN, ISO, ASTM test 

methods 
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Attachment C: Steps to be taken to assess the durability 

of geosynthetics in accordance with the 

latest revision of the EN 13249 – EN 

13257 (mid 2012) 

 

At the moment of writing, mid 2012, the CEN TC 189, is considering a change of Annex B 

to the EN application standards EN 13249 – EN 13257, EN 13265 and EN 15381. 

It is possible that the flow scheme of steps to be taken to assess the durability of 

geosynthetics, which is part of annex B to the application norms will be extended. 

It is therefore advised to check the latest edition of the EN application standards (EN 

13249 – EN 13257, EN 13265 and EN 15381) in case fig 1.6a and b are used. 
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Attachment D: Accredited institutes 

 

The tests for the assessment of life time for a period of more than 25 years may only be 

executed by laboratories and institutes that are especially accredited and certified for 

these tests and evaluations. The accrediting and certification must be made according to 

EN ISO 17025 by an institute that is especially notified for that. 

 

Certified test institutes with experience in this area are, based on the authors knowledge, 

For the complete list is referred to the links below:  

 

SKZ -TeConA GmbH 

Friedrich-Bergius-Ring 22 

97076 Würzburg 

Germany 

www.SKZ.de 

 

KIWA- TBU- Institut für Textile Bau- und Umwelttechnik GmbH 

Gutenbergstr. 29 

48268 Greven 

Germany 

www.tbu-gmbh.de or www.kiwa.de 

 

ITT - Institut für Technische Textilien GmbH  

im Sächsischen Textilforschungsinstitut e. V. 

Annaberger Straße 240 

09125 Chemnitz 

Germany 

www.stfi.de 

 

BAM Bundesanstalt für Materialforschung und –prüfung 

Fachgruppe IV.3, Abfallbehandlung und Altlastensanierung 

Dr. rer. nat. Werner Müller 

Unter den Eichen 87 

12205 Berlin 

Germany 

www.bam.de 

 

TNO industrie en techniek 

De Rondom 1 

5612 AP Eindhoven 

The Netherlands 

www.tno.nl 

 

The evaluation, control, auditing and certification for durability for a period more than 25 

years may only be made by an, under the CE-Mandate certified, institute. This CE-Mandate 

is outlined in the Construction Products Directive CPD, 89/106/EEC, 1988, amended in 

1993 door Directory 93/68/EEC. 

http://www.tbu-gmbh.de/
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These institutes, also called "notified bodies" are identified by a number of 4 digits before 

the letters CPD. This number must be indicated on all certificates issued by them. The list 

of notified bodies is published under nr 45 (2002), C282/01 and can be found with the 

link: 

http://eur-lex.europa.eu/Result.do?aaaa=2002&mm=&jj=&type=c&nnn=282&pppp= 

&RechType=RECH_reference_pub&Submit=Zoeken 

Google:Nando cpd› legislation› construction products› harmonized standards› 

EN13249:2005 

 

Notified bodies with experience in long life time assessment of geosynthetics are: 

 

SKZ -TeConA GmbH 

Friedrich-Bergius-Ring 22 

97076 Würzburg 

Germany 

 

KIWA- TBU- Institut für Textile Bau- und Umwelttechnik GmbH 

Gutenbergstr. 29 

48268 Greven 

Germany 

 

ITT - Institut für Technische Textilien GmbH  

im Sächsischen Textilforschungsinstitut e. V. 

Annaberger Straße 240 

09125 Chemnitz 

Germany 

 

BAM Bundesanstalt für Materialforschung und –prüfung 

Fachgruppe IV.3, Abfallbehandlung und Altlastensanierung 

Dr. rer. nat. Werner Müller 

Unter den Eichen 87 

12205 Berlin 

Germany 

 

In the UK are experienced bodies: 

 

BBA, British Board of Agrement 

Bucknalls Lane,  

Garston, Watford, Hertforshire,  

United Kingdom, WD259BA 

 

BTTG, BTTG Testing & Certification Ltd 

Technology Services, Unit 4B, Stag Industrial Estate,  

Atlantic Street,  

Broadheath, Altrincham, Cheshire, WA14 5DW 

 

The UK list of accredited test laboratories is on www.ukas.org. The accredited "notified" 

bodies can be found with the link: 

http://eur-lex.europa.eu/Result.do?aaaa=2002&mm=&jj=&type=c&nnn=282&pppp=%20&RechType=RECH_reference_pub&Submit=Zoeken
http://eur-lex.europa.eu/Result.do?aaaa=2002&mm=&jj=&type=c&nnn=282&pppp=%20&RechType=RECH_reference_pub&Submit=Zoeken
http://www.ukas.org/testing/lab_detail.asp?lab_id=278&location_id=&vMenuOption=1
http://www.ukas.org/testing/lab_detail.asp?lab_id=496&location_id=6268&vMenuOption=1
http://www.ukas.org/
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http://eur-lex.europa.eu/Result.do?aaaa=2002&mm=&jj=&type=c&nnn=282&pppp= 

&RechType=RECH_reference_pub&Submit=Zoeken (see also above). 

 

Dutch notified bodies are: 

 

INTRON Certificatie BV  

Venusstraat, 2 Inspectie-instantie 

PO Box 267, 4105 JH 

NL-4100 AG Culemborg 

The Netherlands 

 

KIWA NV, Certificatie en keuringen  

Sir Winston Churchilllaan, 273  

Postbus 70 

NL-2280 Ab Rijswijk 

The Netherlands 

 

The last 2 institutes do not have experience with evaluation and certification of 

geosynthetics above 25 years, based on our knowledge.  

It is advised to ask for detailed information and confirmation about their experience in 

case these institutes will be used for this purpose. 

 

 

 

http://eur-lex.europa.eu/Result.do?aaaa=2002&mm=&jj=&type=c&nnn=282&pppp=%20&RechType=RECH_reference_pub&Submit=Zoeken
http://eur-lex.europa.eu/Result.do?aaaa=2002&mm=&jj=&type=c&nnn=282&pppp=%20&RechType=RECH_reference_pub&Submit=Zoeken
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Attachment E: Quality control according to harmonised 

European EN standards 

 

E.1 General 

The quality control of geosynthetics in Europe is regulated by various EN standards and 

consists of various steps: 

1. Quality control by the producers during production. This is laid down in procedures 

which may be approved by a certification institute under ISO 9001 and ISO 9002. 

2. Based on this Factory Production Control System, the producer specifies the value for 

various properties of the material in his product data sheets. 

3. According to the CEN Attestation of Conformity system 2+, a certified "notified body" 

institute inspects controls and certifies this Factory Production Control System. This is 

declared by a Factory Production Control Certificate which is issued by the "notified 

body" to the Producer. 

4. Before the "notified body" can issue a Factory Production Control Certificate, initial 

inspection of the quality control system is made, including an evaluation of the 

Factory Production Control System. The Factory Production Control System is audited 

once a year and at that time it is checked if the declared properties of the products 

are in accordance with the results of the Factory Production Control System. If 

necessary the values of the properties are adjusted. 

5. The producer must draw up a declaration of conformity in which he declares that the 

product is produced conform to the specified European Norm (e.g. EN 13249:2005) 

6. Based on the Factory Production Control Certificate and the Declaration of Conformity, 

the producers must mark the products with a CE-Marking and deliver the products 

with a Accompanying Document which give the values for the harmonized 

characteristics, together with the tolerances for these values. 

 

These various steps are shown in figure E.1. 
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 Fig. E.1 

 Steps in the production quality  

 control system under CEN  

 regulations, the numbers  

 between brackets refer to the  

 points in section E.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

E.2 Initial type testing 

Initial type testing is executed by the manufacturer to determine the values of the 

properties of a product. It is done on a number of samples, preferably from different 

production runs, to allow statistical evaluation. Based on the results of these tests, the 

values and if necessary the tolerances on the values are fixed. Instead of quoted 

tolerances the results can also be fixed by mean values and standard deviation. It is 

normally done in case new products are brought on the market or when the composition of 

the polymer changes. 

Sometimes initial type testing can also be part of a certification process and is then 

executed under responsibility of the certification body. 

The durability aspects of the product are also assessed as part of the initial type testing. 

The European application standards (EN 13249 – EN 13257, EN 13265 and EN 15381) 

specify that for service life times of minimum 25 years the assessment is based on 

screening tests according to ENV 12447 in case of polyester and ENV ISO 13438 in case 

of polypropylene and polyethylene. For declared service lives longer than 25 years or in 
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case of some specific conditions, a specific durability assessment must be made. This is 

described in section 1.7.4.  

 

E.3 Factory production control 

To ensure that the products have a constant quality and that the properties are the same 

as given in the product data sheets, a production quality control system is required. This 

system consists of a permanent internal production control system to ensure that all 

products meet the requirements. It describes the production conditions, the required 

checks during production, the registration of the production data directly related to roll 

and batch numbers. It also describes in procedures the number of samples per batch of 

the produced product that must be tested and the properties which must be tested. All 

process conditions are registered. All test results are stored in a central database, with a 

direct link to roll and batch numbers. 

The system also specifies what action must be taken in case a product does not fulfil the 

requirements. 

This quality control system is part of the manufacturing system conforming EN ISO 9001 

or 9002. 

In case a product is produced to conform to the European application standards (EN 

13249 – EN 13257, EN 13265 and EN 15381), the factory production control is audited 

regularly and the "notified body" approves the system by the issue of a Factory Production 

Control Certificate. Based on this FPC certificate and with a declaration of the values of 

relevant properties, the European products are marked with a CE Marking. 

Samples of a Factory production Certificate, a CE-Marking, a CE-Accompanying Document, 

a Declaration of Conformity and a CE data sheet are given in Attachment F 

 

E.4 CE-Marking and CE-declaration 

When the Factory Production Quality Control has been successfully made and the values 

of the properties which are declared by the producer have been accepted based on the 

initial type testing results by the certifying institute, the products must be marked with a 

CE-Marking. An example of such a marking on a label is given in Attachment F. The 

producer must also prepare a CE - Letter of conformity, in which he states what the 

intended use of the product is and which function is can fulfil. An example of a letter of 

conformity is given in Attachment F. The values of the properties which are required by the 

application norms, are given in a CE – Accompanying document and often also in a CE – 

product data sheet. Examples of these documents are also given in Attachment F. 

 

On these various documents a statement must be made with regards to the durability of 

the product. 

In the EN application standards (EN 13249 – 13257, EN 13265 and EN 15381). 

Predicted to be durable for a minimum of 5 years for non reinforcing applications in 

natural soils with 4<pH<9 and soil temperatures < 250C 

- Predicted to be durable for a minimum of 25 years for applications in natural soils with 

4<pH<9 and soil temperatures < 250 

- In case the polymer contains recycled Post Consumer Material (PYM)/ Post Industrial 

Material (PIM), a special assessment must be made 

- In case the intended service life is > 25 years or in soils pH<4 or pH> 9 or with soil 

temperature > 250C, a special assessment must be made. 
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Also the time in which the product must be covered after installation is indicated on the CE 

documents. The categories are, based on the results of the weathering tests: 

- To be covered within 1 day after installation 

- To be covered within 2 weeks after installation 

- To be covered within 1 month after installation. 

 

E.5 Quality control on site 

The system for the attestation of conformity according to the application standards (EN 

13249 – 13257, EN 13265 and EN 15381) indicates that the geosynthetics fall under 

classification 2+, which is indirect in terms of the validation of the properties of the 

supplied products. The product properties are verified during the initial type testing, but 

the values of a supplied product are only checked indirectly by an auditing institute, which 

audits the quality control system and database of the producer once a year. 

 

Therefore it may be necessary to check the supplied materials after delivery on site 

carefully on: 

- Identification of the delivered product 

- Check the suitability of the product 

- Check the storage- and transport facilities 

- Take two samples (A and B)and test the supplied materials before installation 

o Taking samples and testing the properties after supply and before installation 

can be omitted, if the product is certified on the basis of a voluntary certification 

system. The conformity assessment institute must have been accredited and the 

certification system must include: initial type testing; initial inspection of the 

production facility; continuous surveillance, assessment and approval of the 

production control; audit testing of samples taken in the factory or at 

construction sites (CEN/TR 15019 section 4.5.1). 

o Chapter 5.2 of the application standards (EN 13249 – 13257, EN 13265 and EN 

15381) describes the procedure for the testing of the two samples. If the results 

of sample A for a given characteristic fall within the tolerance value as declared 

the product is accepted, if the results fall outside 1,5 times the tolerance value 

the product is rejected, but the results fall in between 1 and 1,5 times the 

tolerance value the second sample is to be tested for that characteristic. If the 

results of sample B are within the limits of the tolerance value the product is 

accepted, otherwise it is rejected. 

 

CEN/TR 15019 describes the actions which must be taken to control the quality of the 

supplied materials. 

 

A flow sheet of these steps is given in figure E.2. 



CUR Building & Infrastructure Report 243 

 

 283 

 
  

 Fig. E.2 

 Steps in quality control and  

 approval of products after  

 delivery at site. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

E.6 EN – assessment of service life of geosynthetic elements 

It will be clear that one of the major requirements to geosynthetics is that the geosynthetic 

element will be able to perform its function during the entire service life of the structure 

and under all conditions of loading. The service life is defined in the functional 

requirements of the main structure and as a consequence of that also defined as a 

requirement for the geosynthetic element. The conditions of loading are determined 

during the design of the main structure, but could also be a result from the selected 

installation method. Therefore the assessment of the service life of a geosynthetics is 

very important.  

 



CUR Building & Infrastructure Report 243 

 

  284 

A method of assessment is described in the EN application standards (EN 13249 – EN 

13257, EN 13265 and EN 15381). However the selection of the evaluation methods for a 

service life of more than 25 years is not yet normalised and left to assessment experts. 

Basically the method to determine the service life of a geosynthetic up to 25 years is 

followed, but the oxidation and hydrolysis effects are measured in much more 

sophisticated way. Also the effects of various mechanisms on each other are taken into 

account. It will be clear that only expert institutes can perform the necessary testing and 

make the assessment. Therefore it is recommended that only accredited laboratories and 

experts are executing this work. In Europe the institutes that may perform the tests must 

be accredited under EN ISO 17025.  

The evaluation, control and certification of products for service lives up to 25 years may 

according to the European Construction Products Directive CPD 89/106/EEC, 1988; 

amended by Directory 93/68/EEC 1993 be executed by "notified body" institutes. A list of 

these institutes can be found on 

http://eur.lex.europa.eu/Result.do?aaaa=2002&mm=&jj=&type=c&nnn=282&pppp=&Re

chType=RECH_reference_pub&Submit=Zoeken. 

Or google: Nando cpd› legislation› construction products› harmonized standards› 

EN13249:2005 

More information on institutes in the Netherlands, Germany and the UK can be found in 

Attachment D 

 

E.7 Effects of the change from the EU Construction Products Directive to EU 

Construction Products Regulation, on the requirements in the European application 

standards (EN 13249 – EN 13257, EN 13265 and EN 15381), effective 1 July 2013, 

with regard to durability 

 

As described above, a method of durability assessment is described in the EN application 

standards (EN 13249 – EN 13257, EN 13265 and EN 15381) up till a service life of 

minimum 25 years. Also guidelines are given on the durability assessment for longer 

service lives. These standards are referred to in the various chapters. 

The change of the regulation in Europe will affect the EN application standards (EN 13249 

– EN 13257, EN 13265 and EN 15381). They are in the process of being revised. The 

major differences are expected to be: 

- The tables 1 in each application standard which describes the functions, function-

related characteristics and test method used, for the relevant application will be 

changed. In general the tests indicated as relevant to all conditions of use en those 

indicated as relevant to specific condition of use, could become required tests, which 

means that the values for these characteristics must be declared by the manufacturer 

in de accompanying documents. 

- The manufacturer must declare the performance (value) of the product for the 

characteristic, instead of declare the conformity of the product. Declaration means 

that the manufacturer declares the value of the characteristic, (possibly, but not 

necessarily) based on his internal quality control system. A factory production control 

is executed by a "notified" body to approve and audit the quality control system of the 

manufacturer. A Certificate of Consistency of Performance will be issued by the 

"notified" body after the regulation becomes effective in 1 July 2013. 

- The new standards will also set a minimum frequency for each test, including the 

durability screening tests. 

http://eur.lex.europa.eu/Result.do?aaaa=2002&mm=&jj=&type=c&nnn=282&pppp=&RechType=RECH_reference_pub&Submit=Zoeken
http://eur.lex.europa.eu/Result.do?aaaa=2002&mm=&jj=&type=c&nnn=282&pppp=&RechType=RECH_reference_pub&Submit=Zoeken
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- It is the intention of the EU to include the durability of the characteristic into these 

standards (i.e. the durability of permeability, opening size, etc) and not limit the 

durability to the polymer alone. However, these tests have not been developed yet 

 

It is not clear at the time of writing, what the exact changes to the application standards 

(EN 13249 – EN 13257, EN 13265 and EN 15381) will be. It is therefore advised to 

check the actual version of the standard when applicable. 

 

A reference is made to the EU Construction Products Regulation, Regulation (EU) No 

305/2011 of the European Parliament and of the Council laying down harmonised 

conditions for the marketing of construction products and repealing Council Directive 

89/106/EEC.; http://www.europarl.europa.eu/oeil/file.jsp?id=5642292. 

 

 

 

 

 

http://www.europarl.europa.eu/oeil/file.jsp?id=5642292
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Attachment F: Examples of CE Documents 

 

CE – Accompanying document 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CE – Accompanying document with the values for the properties which must be declared 

according to the application norms EN 13249 – 13255. Further the intended use is 

indicated and the application of the geosynthetic. 
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CE- product information sheet 

 

 

Page 1 of a CE – product information sheet, this is a product information sheet with values 

for the properties which are required in the relevant CE application norms, extended with 

some other relevant properties 
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Page 2 of a CE – product information sheet, this is a product information sheet with values 

for the properties which are required in the relevant CE application norms, extended with 

some other relevant properties 
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CE – Factory production control certificate 

 

 

CE – Factory production control certificate. This certificate states that for the mentioned 

product types an initial product type testing has been executed, that initial inspection of 

the factory quality control system has been executed and that at regular times audits are 

made to control the factory quality control system.  
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Declaration of conformity 

 

 

Example of a product label with CE Marking 

 

 



CUR Building & Infrastructure Report 243 

 

  292 

 



CUR Building & Infrastructure Report 243 

 

 293 

Attachment G: Relevant norms and standards 

 

NEN EN ISO 10320:1999; Geotextiel en soortgelijke producten - Identificatie op de 

bouwplaats. 

EN 12224:2000 Geotextiles and geotextile-related products - Determination of the 

resistance to weathering. 

EN 12225:2000 Geotextiles and geotextile-related products - Method for determining the 

microbiological resistance by a soil burial test. 

EN 12226:2000 Geotextiles and geotextile-related products - General tests for evaluation 

following durability testing. 

EN 12447:2001 Geotextiles and geotextile-related products – Screening test method for 

determining the resistance to hydrolysis in water. 

EN 13719:2002 Geotextiles and geotextile-related products - Determination of the long 

term protection efficiency of geotextiles in contact with geosynthetic barriers. 

EN 13738:2004 Geotextiles and geotextile-related products – Determination of pullout 

resistance in soil. 

EN 14030:2001 Geotextiles and geotextile-related products – Screening test method for 

determining the resistance to acid and alkaline liquids (ISO/TR 12960:1998, modified). 

EN 14574:2004 Geosynthetics - Determination of the pyramid puncture resistance of 

supported geosynthetics. 

EN 14575:2005 Geosynthetic barriers - Screening test method for determining the 

resistance to oxidation. 

EN ISO 9862:2005 Geosynthetics - Sampling and preparation of test specimens (ISO 

9862:2005). 

EN ISO 9863-1:2005 Geosynthetics - Determination of thickness at specified pressures - 

Part 1: Single layers (ISO 9863-1:2005). 

EN ISO 9863-2:1996 Geotextiles and geotextile-related products – Determination of 

thickness at specified pressures - Part 2: Procedure for determination of thickness of 

single layers of multilayer products (ISO 9863-2:1996). 

EN ISO 9864:2005 Geosynthetics - Test method for the determination of mass per unit 

area of geotextiles and geotextile-related products (ISO 9864:2005). 

EN ISO 10318:2005 Geosynthetics - Terms and definitions (ISO 10318:2005). 

EN ISO 10319:2008 Geosynthetics - Wide-width tensile test (ISO 10319:2008). 

EN ISO 10320:1999 Geotextiles and geotextile-related products - Identification on site 

(ISO 10320:1999). 

EN ISO 10321:2008 Geosynthetics - Tensile test for joints/seams by wide-width strip 

method (ISO 10321:2008). 

EN ISO 10722:2007 Geosynthetics - Index test procedure for the evaluation of mechanical 

damage under repeated loading - Damage caused by granular material (ISO 10722:2007). 

EN ISO 11058:1999 Geotextiles and geotextile-related products - Determination of water 

permeability characteristics normal to the plane, without load (ISO 11058:1999). 

EN ISO 12236:2006 Geosynthetics - Static puncture test (CBR test) (ISO 12236:2006). 

EN ISO 12956:1999 Geotextiles and geotextile-related products - Determination of the 

characteristic opening size (ISO 12956:1999). 

EN ISO 12957-1:2005 Geosynthetics - Determination of friction characteristics - Part 1: 

Direct shear test (ISO 12957-1:2005). 
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EN ISO 12957-2:2005 Geosynthetics - Determination of friction characteristics - Part 2: 

Inclined plane test (ISO 12957-2:2005). 

EN ISO 12958:1999 Geotextiles and geotextile-related products - Determination of water 

flow capacity in their plane (ISO 12958:1999). 

EN ISO 13426-1:2003 Geotextiles and geotextile-related products - Strength of internal 

structural junctions - Part 1: Geocells (ISO 13426- 1:2003). 

EN ISO 13426-2:2005 Geotextiles and geotextile-related products - Strength of internal 

structural junctions - Part 2: Geocomposites (ISO 13426-2:2005). 

EN ISO 13427:1998 Geotextiles and geotextile-related products – Abrasion damage 

simulation (sliding block test) (ISO 13427:1998). 

EN ISO 13428:2005 Geosynthetics - Determination of the protection efficiency of a 

geosynthetic against impact damage (ISO 13428:2005). 

EN ISO 13431:1999 Geotextiles and geotextile-related products – Determination of 

tensile creep and creep rupture behaviour (ISO 13431:1999). 

EN ISO 13433:2006 Geosynthetics - Dynamic perforation test (cone drop test) (ISO 

13433:2006). 

EN ISO 13437:1998 Geotextiles and geotextile-related products - Method for installing 

and extracting samples in soil, and testing specimens in laboratory (ISO 13437:1998). 

EN ISO 13438:2004 Geotextiles and geotextile-related products – Screening test method 

for determining the resistance to oxidation (ISO 13438:2004). 

EN ISO 25619-1:2008 Geosynthetics - Determination of compression behaviour - Part 1: 

Compressive creep properties (ISO 25619-1:2008). 

EN ISO 25619-2:2008 Geosynthetics - Determination of compression behaviour - Part 2: 

Determination of short-term compression behavior (ISO 25619-2:2008). 

ISO/TR 13434:2008 Geosynthetics -- Guidelines for the assessment of durability. 

ISO/TR 15010:2005 Geosynthetics – Quality control at the project site. 

EN 12224:2000 – Geotextiles and geotextile-related products – Determination of the 

resistance to weathering. 

EN 12225:2000 – Geotextiles and geotextile-related products – Method for determining 

the microbiological resistance by a soil burial test. 

EN 12226:2000 – Geotextiles and geotextile-related products – General tests for 

evaluation following durability testing. 

EN 12447:2001 – Geotextiles and geotextile-related products – Screening test method for 

determining the resistance to hydrolysis in water. 

EN 14030:2001 – Geotextiles and geotextile-related products – Screening test method for 

determining the resistance to acid and alkaline liquids. 

EN ISO 13438:2004 – Geotextiles and geotextile-related products – Screening test 

method for determining the resistance to oxidation. 

EN 13249:2000: 2001, Geotextiles and geotextile-related products – Characteristics 

required for use in the construction of roads and other trafficked areas (excluding railways 

and asphalt inclusion). 

EN 13250:2001; Geotextiles and geotextile-related products. Characteristics required for 

use in the construction of railways. 

EN 13251:2001; Geotextiles and geotextile-related products. Characteristics required for 

use in earthworks, foundations and retaining structures. 

EN 13252:2001; Geotextiles and geotextile-related products. Characteristics required for 

use in drainage systems. 

http://www.centexbel.be/files/PDF_files/geosynthetics/en-12224-2000-weathering.pdf
http://www.centexbel.be/files/PDF_files/geosynthetics/en-12224-2000-weathering.pdf
http://www.centexbel.be/files/PDF_files/geosynthetics/en-12225-2000-soil-burial.pdf
http://www.centexbel.be/files/PDF_files/geosynthetics/en-12225-2000-soil-burial.pdf
http://www.centexbel.be/files/PDF_files/geosynthetics/en-12226-2000-durabilty.pdf
http://www.centexbel.be/files/PDF_files/geosynthetics/en-12226-2000-durabilty.pdf
http://www.centexbel.be/files/PDF_files/geosynthetics/en-12447-2001-hydrolysis.pdf
http://www.centexbel.be/files/PDF_files/geosynthetics/en-12447-2001-hydrolysis.pdf
http://www.centexbel.be/files/PDF_files/geosynthetics/en-14030-2001-acid-alkaline.pdf
http://www.centexbel.be/files/PDF_files/geosynthetics/en-14030-2001-acid-alkaline.pdf
http://www.centexbel.be/files/PDF_files/geosynthetics/en-iso-13438-2004-oxidation.pdf
http://www.centexbel.be/files/PDF_files/geosynthetics/en-iso-13438-2004-oxidation.pdf
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EN 13253:2001, Geotextiles and geotextile-related products. Characteristics required for 

use in erosion control works (coastal protection, bank revetments). 

EN 13254: 2001 Geotextiles and geotextile-related products - Characteristics required for 

the use in the construction of reservoirs and dams. 

EN 13255: 2000, Geotextiles and geotextile-related products - Characteristics required for 

use in the construction of canals. 

EN 13256: 2001 Geotextiles and geotextile-related products - Characteristics required for 

use in the construction of tunnels and underground structures. 

EN 13257: 2001 Geotextiles and geotextile-related products. Characteristics required for 

use in solid waste disposals. 

 

 

 

 


