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1 INTRODUCTION 

In recent years, the concept of strain energy has been 
proposed (Watn et al. 1998) as a method of characterising 
geotextiles in separation and filtration applications. More 
recently, strain energy has also been proposed as a 
method for classifying geotextiles for use in different field 
conditions (Blivet, 1999 and Eiksund et al., 2002). How-
ever, very little consideration has been given to the use of 
the term strain energy and its ability to fully link the me-
chanical characteristics of geotextiles with their perform-
ance in the field. 

Naughton & Kempton (2002) presented the results of a 
study that reviewed several methods of classifying geotex-
tiles. In that study, the effects of installation damage were 
assessed for a number of geotextile types currently avail-
able in Europe. In all cases it was assumed that the re-
tained strength of a geotextile after damage was a fair 
method of quantifying the survivability of the geotextile in-
service. In the study the in-service damage to the geotex-
tiles was characterised using ISO 10722-1 (1998). Al-
though it is generally accepted that this simulated damage 
test is not fully representative of insitu damage it is, how-
ever, a convenient means of performing repeatable dam-
age trials for the purposes of comparison. 

Of the three methods examined by Naughton & Kemp-
ton, mass per unit area appeared to be the best method for 
predicting the retained strength, and thus the survivability, 
of a geotextile. Strain energy, as currently formulated, and 
the shape of the deformed geotextile insitu did not appear 
to be good indicators of geotextile survivability.  

This paper focuses on the separation application and 
tries to reconcile the field exhumed data with the concept 
of strain energy, taking into account the stress-strain re-
sponses of different geotextiles. The concept of strain en-
ergy is explored in more detail and an attempt is made to 
explore the strain energy requirement of the application. 
Finally, recommendations are made on the usefulness of 
strain energy as a characterisation parameter. 

2 OVERVIEW OF THE SEPARATION APPLICATION 

In the separation application the geotextile is inserted at 
the subgrade/sub base interface. The principal role of the 
geotextile is to prevent intermixing of the subgrade and 
sub base materials. This results in the following benefits: 

• Enhancement of the drainage properties of the 
subgrade, thus reducing the likelihood of 
pumping, 

• Reduction in the quantity of sub base required 
by preventing intermixing, 

• Reinforcement of the sub base by maintaining 
the bearing capacity of the sub base over its 
full depth. 

The inclusion of a geotextile separator does not provide di-
rect reinforcement of the road construction. The geotextile, 
by separating the subgrade and sub base provides a de-
gree of indirect reinforcement by maintaining the bearing 
capacity of the sub base over its entire depth. This is an 
important function of the geotextile. In a situation where in-
termixing occurs the bearing capacity in the sub base will 
reduce almost linearly with depth. 

The survivability of a geotextile in-service is dependent 
on the correct installation of the material. Manufacturers 
give guidance on the correct installation of their respective 
products. A general rule is that the sub base stone should 
never be dropped or dumped on the laid geotextile from a 
height. The stone should be pushed forward on the geo-
textile. In this way damage can be considerably reduced or 
avoided altogether. If this correct method of installation is 
followed then the geotextile will only be subjected to possi-
ble damage due to the compaction of the sub base stone. 

3 REVIEW OF GEOTEXTILE PERFORMANCE INSITU  

The amount of field data in the literature dealing with the 
performance of geotextile separators is quite limited. Two 
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of the most recent studies are reported by Black & Holtz 
(1999) and Rathmayer (2000).  

Black & Holtz exhumed a number of geotextiles of vari-
ous types five years after the construction of a paved road 
in Washington State, USA. That study concluded that all 
the geotextiles types used appeared to have survived both 
construction and use reasonably well. In some cases a mi-
gration of fines through random holes in the geotextiles did 
occur up to 50 mm into the sub base at some locations, 
but this was independent of geotextile type and appears 
not to have affected the performance of the roadway. It 
was also concluded that the initial thickness of the base 
course during compaction had a significant effect on the 
strength and elongation at peak load of the exhumed sam-
ples. Re-analysing the data presented in that paper indi-
cates that the exhumed samples did not exhibit the type of 
distress that would be expected if they had been carrying a 
high percentage of their peak tensile strength as a sus-
tained load. This would indicate that the geotextiles were 
not significantly loaded and that the strain in the geotex-
tiles away from isolated protruding objects could be quite 
low. 

Rathmayer (2000) conducted a series of field trials on a 
number of geotextile types. Geotextiles were installed in 
unpaved roads and their performance assessed. The de-
formed shape of each sample was analysed and the strain 
in the geotextile estimated by calculating a strain value for 
the geotextile over a gauge length of 20 mm. At one loca-
tion penetrations of the fill, which consisted of crushed 
gravel, into the soft subgrade resulted in localised strains 
of between 11 and 76 % in the geotextiles. These locations 
where randomly spaced and were due mainly to penetra-
tions of single stones. At a second site the fill material, 
consisting of stone with a maximum size of 200 mm, 
caused surface strains in the geotextiles of between 5 and 
28 %. Again these localised deformations were caused by 
single stones penetrating into the subgrade. It should be 
noted that a strain determined using a gauge length of 20 
mm is not directly comparable to the strain measured in 
the wide width tensile test due to localisation effects. 

From the reported trials the most significant damage to 
geotextiles was from randomly located, localised protrud-
ing objects penetrating the geotextiles. While these local-
ised ruptures may allow migration of fines into the sub 
base they appear not to adversely affect the performance 
of the road. This experience is confirmed by the successful 
use of the full range of geotextile types as separators over 
the past 30 years or more. 

4 PROPERTIES OF GEOTEXTILES 

The mechanical characteristics of geotextiles are normally 
determined using three standard test methods; the wide 
width tensile test (ISO 10319, 1996), CBR test (ISO 12236, 
1996) and the grab strength test (ASTM, 1996). These are 
index tests and do not give any information which is di-
rectly useful for designing geotextile separators. Their pri-
mary role is for quality control and also to provide a means 
of comparing the characteristics of different products.  

Each index test gives a different stress-strain curve for 
the same geotextile. In general terms the wide width ten-
sile test is considered to give the average properties of a 
geotextile, while the CBR and grab strength represent the 
effects of localised penetrations. The peak strain recorded 
in the grab strength test is generally higher than that in the 
wide width tensile test.  

The properties of geotextiles, including the stress-strain 
characteristics and mode of failure, are largely determined 
by the manufacturing process. In this paper the stress-
strain characteristic are presented in terms of the wide 

width tensile test and therefore represent the average 
stress and strain in the geotextiles. 

Two geotextiles, with similar mass per unit areas but dif-
ferent manufacturing processes are analysed in terms of 
their stress-strain characteristics and mode of failure. The 
manufacturing process and mass per unit area of the geo-
textiles examined are presented in Table 1.  

Table 1. Properties of Geotextiles A and B. 

Geotextile Manufacturing process Mass per unit area 
(g/m2) 

A Mechanically bonded non-
woven 

392 

B Thermally bonded nowoven 350 

4.1 Stress-strain characteristics 

The stress-strain characteristics, as measured in the wide 
width tensile test, for both geotextiles are presented in Fig-
ure 1. The stress values are normalised by their respective 
peak strengths to allow direct comparison. 

Geotextile A displays a linear relationship up to rupture. 
The geotextile ruptures in a brittle manner, with the peak 
and failure stress and strain corresponding. 

Geotextile B has a non-linear stress-strain response 
and displays considerable strain softening, post peak. A 
significant difference exists between the peak and rupture 
stress and strain values. The peak strength is reached at a 
strain of 29 %, while rupture occurs at approximately 220 
% strain. Strain softening, which is attributed to consider-
able necking of the geotextile, continues up to rupture. 

A direct comparison of both geotextiles indicates that 
Geotextile B is considerably stiffer and has a significantly 
higher tensile strength at strains less than 75 %. 
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Figure 1. Stress-strain relationship from the wide width tensile test 
for Geotextiles A and B. 
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4.2 Mode of failure and geotextile appearance 

The role of a geotextile is to separate the subgrade and 
sub base layers. No direct reinforcement of the construc-
tion is provided. Therefore, unlike soil reinforcement appli-
cations the tensile strength is not the critical parameter for 
design, rather the ability of the geotextile to separate both 
layers by providing a dense mat of fibres is of primary im-
portance. 

In Geotextile A the mat of fibres is maintained up to rup-
ture. It can therefore be argued that this product is per-
forming a separation function right up to rupture. 

Geotextile B reaches peak strength at significantly lower 
strain than Geotextile A. However, its appearance does not 
dramatically change post-peak strength. No breakage of 
individual fibres occurs until approximately 130 % strain, 
over four times the peak strain. Photographs of Geotextile 
B taken at strain values of 0 %, 50 % and 75 % during a 
wide width tensile test are presented in Figure 2. Figure 2 
(c) and (d) are taken at strain levels 1.7 and 2.6 times the 
peak strain, with no breakage of the fibres evident. Based 
on these results it is suggested that this geotextile is still 
capable of performing its separation function until the fi-
bres start to rupture. 
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(a) 
 

(b) 

  
(c) 

 
(d) 

Figure 2. Appearance of Geotextile B during a standard wide width tensile test (a) stress-strain curve for geotextile and appearance at (b) 
0 % strain, (c) 50 % strain and (d) 75 % strain. 
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5 DESIGNING USING STRAIN ENERGY 

The concept of strain energy is not new in engineering. For 
example, in structural engineering, strain energy is used in 
the analysis of structural elements and often gives a con-
venient method of determining stress and deformations of 
those structural elements. 

The use of energy in design assumes that the law of 
conservation of energy is valid and that energy cannot be 
created or destroyed but only changed from one form to 
another. In terms of geosynthetics, only mechanical energy 
is considered, with other forms of energy neglected. 

When using strain energy two calculations are per-
formed:  

1. The external strain energy supplied to the sys-
tem is calculated, 

2. The internal energy of the components is de-
termined. 

According to the conservation of energy the external and 
internal energies must be equal. If the internal energy 
available in the system is less than the external energy 
supplied then the system will fail. 

In terms of structural engineering the properties of the 
materials are well understood. The loadings can be easily 
and relatively accurately estimated thus allowing calcula-
tion of both the internal and external energies. This is not 
the case in geotechnical engineering.  

5.1 External strain energy applied to a geotextile 

The calculation of the external strain energy is complex 
and in geotechnical engineering is not a standard proce-
dure. Knowledge of the applied loading, the area over 
which it acts and the resultant deformation is required.  

For the installation of a geotextile two situations can 
arise: 

1. The geotextile can be loaded over a reasona-
bly large area, resulting in the average strain 
energy of the system, 

2. The geotextile can also experience localised 
concentrated loadings, which gives a high 
magnitude load over a very small area of the 
geotextile.  

The external energy will also be influenced by the grada-
tion of the stone placed on the geotextile and its method 
and degree of compaction. The subsequent placing of the 
other layers that make up the total road construction and 
the energy absorbed by the subgrade will also influence 
the magnitude of the resultant external energy supplied to 
the geotextile. 

5.2 Internal strain energy of the geotextile 

In general terms the mechanical internal energy of a com-
ponent is determined from the stress-strain response of 
the material in a chosen test. In relation to geotextiles, the 
internal energy can be determined from the wide width 
tensile, grab strength or CBR tests. Theoretically, assum-
ing a direct correlation between any two tests and allowing 
for the sample size and the test configuration, the strain 
energy of a specific geotextile should be constant and in-
dependent of the test method.  

However, as already discussed, the stress-strain re-
sponse of a geotextile is test method specific, with no uni-
versal correlation between any two test methods. 

6  INTERNAL STRAIN ENERGY OF GEOTEXTILES 

Watn et al. (1998) present the results of a study that exam-
ined the survivability of various geotextiles. That study fo-

cused on large scale laboratory based load tests, which 
simulated the performance of the geotextiles insitu.  

The test bin used was 12.5 m long by 1.8 m wide and 
was first filled with a thick layer of soft clay with an 
undrained shear strength of approximately 2 to 3 kPa. This 
layer acted as the subgrade. The geotextile samples were 
placed on the clay and covered with 150 mm of crushed 
stone. Cyclic and static loads were then applied using a 
circular plate. The cyclic frequency was 1 Hz and ampli-
tude of 1-4 kN which corresponded to a stress of 81.5 
kN/m2. 

The resultant vertical displacements were found to be 
dependent on the geotextile type. Based on the CBR load 
versus displacement data presented by Watn et al. the ver-
tical displacements were proportional to the stiffness of the 
geotextile; the stiffest geotextile producing the lowest verti-
cal deflections. 

Based on the results of these tests a criterion to de-
scribe the survivability of a geotextile was proposed. The 
criterion assumed that the strain energy up to the construc-
tion and installation strain recorded in the geotextile was 
constant. The criterion divided the survivability of a geotex-
tile into two primary components. The first was the magni-
tude of damage caused during installation and construc-
tion. The second quantified the remaining strength and 
strain after installation and construction damage. This sec-
ond element was defined as the difference between the in-
stallation and construction stress or strain and the peak 
stress and strain values respectively. The proposed 
scheme is shown in Figure 3. 
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Figure 3. Survivability criterion proposed by Watn et al. (1998). 

Overall, the criterion proposed by Watn et al. (1998) has 
merit and is based on scientific principles. One significant 
disadvantage of the proposed criterion is that the entire 
stress-strain curve for the geotextile is required. Further-
more an estimate of the installation and construction strain 
is also required. This value is considered to be site, geo-
textile and test method specific. The current CEN and ISO 
standards for mechanical strength (wide width tensile and 
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CBR puncture) only require the peak values to be recorded 
which inevitably limit its applicability.  

The criterion proposed by Watn et al. has been extrapo-
lated to suggest that an equivalence of strain energy at 
peak strength exists for geotextiles. This extrapolation has 
not been scientifically justified.  

7 CALCULATION OF STRAIN ENERGY 

The total strain energy available in each geotextile is de-
termined by summing the area under the stress-strain 
curve up to rupture. The internal strain energy of a geotex-
tile is readily calculated once the stress-strain curve is 
known. The internal strain energy plotted against strain, 
determined from the wide width tensile test, for Geotextiles 
A and B are presented in Figure 4. 

The strain energy of Geotextile B increases rapidly. The 
rate of increase decreases once a strain level of approxi-
mately 100 % in reached. In contrast Geotextile A devel-
ops its strain energy at a much slower rate. The total strain 
energy to rupture for both geotextiles is the same. 
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Figure 4. Increase in strain energy with strain for Geotextiles A 
and B. 

8 CURRENT FORMULATION OF STRAIN ENERGY 

Both Blivet (1999) and Eiksund et al. (2002) proposed that 
the internal strain energy of any geotextile can be esti-
mated, based purely on peak strength and corresponding 
peak strain, using the following equation: 

Strain Energy PeakPeakT ε**
2
1

=  

Where Tpeak and εPeak are the peak tensile strength and 
corresponding peak strain. 

As discussed by Naughton & Kempton (2002) this 
method of calculation, while greatly simplifying the calcula-

tion of strain energy, leads to significant errors when used 
for some geotextile types. These errors result from the ap-
plication of two coarse simplifying assumptions. These are: 

1. That the stress-strain curve of the geotextile is 
linear over the entire stress range to rupture, 

2. That the peak and rupture strengths and corre-
sponding strains coincide, i.e. the geotextile rup-
tures in a brittle manner. 

In essence this calculation assumes that all geotextiles are 
ideal isomers (i.e. they behave in a perfectly linear elastic 
way right up to failure). In practice this is not the case.  

The actual and simplified strain energies for geotextile A 
and B are presented in Table 2. The actual strain energy 
and that calculated using the simplified method are identi-
cal for Geotextile A, as it ruptures in a brittle manner. The 
non-linear stress strain response of Geotextile B and the 
significant post-peak strain softening lead to an error of 
500 % when using the simplified method for Geotextile B.  
It should also be noted that the difference between the ac-
tual strain energy at peak strength and that calculated us-
ing the simplified method for Geotextile B is approximately 
25 %. This error is attributed to the non-linear stress-strain 
of Geotextile B pre-peak. 

Table 2. Actual and simplified strain energy values for Geotextiles 
A and B. 

Strain energy calculation Geotextile A Geotextile B 
Total strain energy 0.7 0.7 
Actual strain energy at peak 
strength 

0.7 0.2 

Simplified strain energy at 
peak strength 

0.7 0.15 

 
This simplified method of calculation is proposed by sup-
porters of the method on the sole grounds that the peak 
tensile strength and corresponding peak strain are the only 
parameters available from the standard wide width tensile 
test, ISO 10319 (irrespective of the unsuitability of those 
parameters for evaluating the results of localised damage). 
Whilst such a method suffers from all the disadvantages of 
inaccuracy and inappropriateness it remains unworkable 
while Manufacturers have no obligation to measure and 
report tensile strain as a mandatory parameter under cur-
rent CE Marking requirements.  

9 DISCUSSION 

The primary function of a geotextile separator is to prevent 
intermixing at the subgrade and sub base interface. This is 
achieved by the geotextile maintaining a dense mat of fi-
bres at the interface of the two layers, rather than any me-
chanical characteristic of the geotextile. 

Research examining the performance of geotextiles in 
paved and unpaved roads has demonstrated that the most 
significant damage caused to geotextile separators is from 
localised protruding objects penetrating the geotextile. 
These ruptures can allow some migration of fines into the 
sub base without adversely affecting the performance of 
the road. 

The stress-strain characteristics of geotextiles are com-
plex and are test method specific. The data presented in 
this paper illustrates that peak tensile strength may not be 
a reliable indicator of a geotextile’s ability to perform the 
separation function. Geotextiles that display strain soften-
ing post-peak strength can have a dense mat of fibres 
available to act as a separator. In one of the geotextiles 
examined in this study, the mat of fibres is maintained to a 
level of strain 4 times its peak strain. 

Strain energy has been proposed as a method for clas-
sifying geotextiles as separators. While a useful technique 
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in structural engineering, where the properties of the mate-
rials and the applied loadings are well understood, it is not 
a standard procedure in geotechnical engineering. Calcu-
lation of the external and internal strain energies is compli-
cated by the nature of the application. Several different 
layers of construction material and natural ground are in-
volved. Also, the impact of construction plant and the con-
struction process is difficult to estimate and quantify. 

Research in this area just considers the geotextile with 
no attempt to develop a total strain energy approach. Re-
search has demonstrated that an equivalence of strain en-
ergy between different geotextiles at the installation and 
construction strain exists. This equivalence of strain en-
ergy has been extrapolated to an equivalence of strain en-
ergy between geotextiles calculated using a simplified 
method based on peak values. No scientific justification is 
available for this extrapolation.  

The stress-strain characteristics of geotextiles are com-
plex; some geotextiles have a non-linear stress-strain rela-
tionship and considerable post-peak strain softening be-
fore rupture. The simplified method of calculating strain 
energy can underestimate the actual strain energy at the 
peak strength by approximately 25 % and the total strain 
energy in some geotextiles by 500 %. These are significant 
errors and calls into question the current philosophy and 
proposed method of calculating strain energy.  

Based on the data presented it is proposed that the 
post-peak stress-strain characteristics of a geotextile are 
considered in any new classification scheme. Considering 
the properties of the geotextile post-peak until, for exam-
ple, the tensile strength falls off to approximately 50 % of 
the peak values is not unrealistic. 

Developing means to classify geotextiles for specific 
ground conditions is hampered to a great extent by the 
current standard test methods and to some extent by CE 
Marking requirements. The current CEN and ISO stan-
dards for mechanical properties only require peak values 
to be recorded during a test. It is not mandatory to provide 
the entire stress-strain curve for the material. Furthermore 
the standard does not require the geotextile to be loaded 
to rupture, but rather just past peak strength. This is a 
hangover from soil reinforcement procedures where the 
peak strength was used directly in design. Consideration 
should be given to changing these standards to allow more 
flexibility in the parameters that are reported. 

10 CONCLUSIONS 

The use of geotextiles as separators was reviewed. The 
primary requirement of the geotextile in this application is 
to maintain a dense mat of fibres at the subgrade/sub base 
interface. The ability of a geotextile to maintain this mat is 
independent of the peak strength values in some geotex-
tiles. Where strain softening occurs post-peak strength the 
mat of fibres exists until a strain level 4 times the peak 

strain. It is proposed that new classification schemes 
should consider the post-peak characteristics of geotex-
tiles. 

Designing geotechnical applications using the concept 
of strain energy is not a routine procedure. Estimating the 
applied external energy and the internal energies of the in-
dividual component in road construction is extremely com-
plex. The energy supplied to fills will be a function of the 
methods of placement and compaction.  

Research has demonstrated that an equivalence of 
strain energy exists for different geotextiles under similar 
construction conditions up to the in service strain. No sci-
entific justification is available to justify extrapolating this 
concept to an equivalence of strain energy based on peak 
values. 

The proposed simplified method of calculating strain 
energy underestimates the strain energy in some geotex-
tiles at peak strength by approximately 30 % and the total 
strain energy in the geotextile by 500 %. These errors are 
attributed to the non-linear nature of the stress-stress 
curve pre-peak and not accounting for strain softening of 
the geotextile post-peak strength. 

Given these uncertainties and the errors which can be 
developed in calculations it is suggested that strain energy 
is not a suitable parameter to use for classification pur-
poses. 
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