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ABSTRACT: In any Civil Engineering Earthworks application. where the physieal strength of a geosynthelic 
material is being utilised, both a knowledge and understanding of the fabrie'!) performance moduills is eritically 
essential. In this paper, the Authors deseribe the intemal fabrie struelure details lha! affect the performance 
modulus (Ep), which differs in fundamental respects from the stiffness modulus (E) of the constituent polymer 
alone. The paper also describes the design implications of different Performance Moduli on reinforeed soil and 
embankment support under total and effective stress conditions. The implications and significance of 
variations in Ep on the application of safety factors and polymer ereep are also discussed. 

1 PERFORMANCE MODULUS - Ep 

The Performance Modulus (Ep) of a geotextile or 
geogrid differs materially from the modulus of its 
constituent polymers prior to the fabrie 
manufaeturing proeess. The modulus of a material, 
such as polypropylene or polyester is generally 
similar in all directions within a given block of the 
polymer. It is defined as the stress level that would 
be necessary to induee a strain deformation of 100% 
in the material. The fIrst thing to recognise is that 
the native polymer will not strain beyond 8%-15% 
without rupture. Secondly, at strains even as low as 
2%-5%, polymers will experience creep. If these 
critical strains are not exceeded, then polymers will 
usually stabilise and further creep ceases. 

The material modulus E, is therefore a theoretical 
fIgure which can not be directly measured for 
geosynthetics. The "100%" strain must be 
extrapolated, for example, by multiplying the 10% 
strain by 10, or the 5% strain by 20 , etcetera. This 
is valid in the case of a highly elastic material having 
a linear stress/strain response, but in the case of 
materials with non-linear responses - especially 
fabricated structures such as geosyntheties, the 
native polymer modulus can never be obtained and 
must be abandoned in favour of an effective 
modulus. Since, the engineer is interested in the 
utilisable forces conferred by the effective modulus, 
it can be called the Performance Modulus - Ep. 

Nearly all fabricated geosynthetics exhibit a non
linear Performance Modulus, which describes the 
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vanatlOn in strain of the fabricated product 10 
increasing stress. This is usually plotted on a 
simple graph labelled stress-v-strain as shown in 
Fig.I. 

There are two interesting factors to be noted in 
connection with this commonly-used graph type. 
Firstly, graphs are usually constructed with the 
variable input factor along the x-axis and the 
resulting respondent factor on the y-axis. In the 
case of this diagram, the stress (as applied to the 
specimen by a machine) is shown on the y-axis and 
the specimen's responding strain (as measured) is 
shown on the x-axis. Despite this inversion, it is 
convenient to leave the graph in this form because of 
the ultimate use to wh ich it will be put by the design 
engineer. Secondly, in the ease of geosynthetic 
testing, the stress is rarely (if ever) measured in the 
true sense of force/unit area, and so is not true 
stress. If a study of the pure polymer was being 
made, then the cross-sectional area of the test 
specimen would have to be measured to calculate the 
stress (force/unit area). However, in the case of 
geosynthetics, the engineer' sinterest is more 
pragmatic. There is the need to compare one 
geosynthelic with another in the form in whieh they 
are produced. So the graph is adjusted to have a 
vertical y-axis labelled as force/metre width - usually 
kN/M, which we ean call the 'width stress' or O"w. 
This is the second reason why 'E' should be 
substituted by the meaningful and more scientifically 
accurate term "Performance Modulus" - Ep. 
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Fig.1 Typical non-linear tensile stress/strain curve for textile. 
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Fig.2. Explanation of different shapes of Ep curve for the 
three main types of geosynthetic. 

2 COMPONENTS OF TIIE PERFORMANCE 
MODULUS CURVE 

The eurve components of a typical woven textile, a 
pre-stretehed geogrid and a needlepunehed 
nonwoven ean be generalised as shoWD in Fig.2. 
The Itlodulus eurve of a lypical reinforeing grid is 
usually eonvex as shown, sinee the polymer has 
been pre-strained in the mnnufacturing proeess. As 
soon as stress is applied, therefore, dIe grid (which 
has no loose fibres to defonn) picks IIp dIe :-;tress in 
the polymer and describes a sliff eurve in the first 
instance. When strain levels inerease, the effect of 
the original pre-straining becomes less marked and 
the eurve tends to flatten. In the ease of a 
nonwoven needleplUlched, hardly any of the stress 
is carricd jn the polymer directly, sinee the fibre mat 
consist.ently Ylelds, disenlangling and thus 
producing a very flal stress/strain eurve. In 
praetiee, the ultimate level of strain of these fabries 
is eornmonly between 40 and 100%. The Ep 
modulus eurve of the woven fabrie is a eombination 
of the previous two. At first fibre re-orientation 
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Fig.3. Illustration of different Ep moduli derivable from a 
typical curve - both at relativcly small strain levels. 

provides a flat modulus, but rapidly the woven 
fabrie straightens out and the stress is imposed on 
the polymer, leading to a rapidly steepening eurve. 

Two consideration are of importanee in preparing 
any given design. Can ule earthworks strueture be 
designed so as to use the fu.lJ range of availab!e 
strain or mus! imposed stresses on the geosynthetic 
be kepl sufficiently low as 10 keep dIe fabrie within 
it creep-stable mnge (a faetor dependent upon the 
polymer type)? Seeondly, sinee the graph is non
linear, how ean one defUle Ep for design purposes? 
The apparent Perfonnanee Modulus varies 
continuously depending upon the amount of width 
stress (crw) being applied and the eonsequent 
varying strain being developed. 

Fig.3. shows two 'apparent' values of Ep taken at 
random along the eurve. 

If, on the lower eurve, point A were taken to 
calculate the fabrie's Ep then lOkN Im produces 3% 
strain, so linear extrapolation would give a 
Perfonnance Modulus (Ep) of 10 x 33 = 330kN/m. 
Taking point B would give Ep = 24 x 20 = 480 
kN/m. This produet is 'less stiff' at low strain 
levels. It is intrinsieally safe since unexpected 
inereases in imposed stress result in inereasing 
modulus being generated. However, eonservatism 
in the design assumptions leads to a su bstantially 
inereased cost, sinee a relatively low Ep modulus 
will have to be used to generate desirable low strains 
in the strueture. In simple tenns, the assumptions 
will tend to be safe but expensive. 

The implieations on design, of the upper eurve, on 
the other hand are a) the given produet is 'stiffer' 
i.e. has 11 higher Ep at low strain levels, and b) the 
given fabrie will absorb more stress only at the 
expense of .inereasingly great induecd strain. So, 
utilising the fabrie at higher stress levels means that 
errors (unexpeeted variations) in imposed stress will 



havc larger ttnin consequences chan ac lower strain 
levels. 11li must be considered when specifying 
partial safety factors. For example, if a safety factor 
of 1.1 (partial factor 0.1) is applied 10 the factors 
leading 10 imposed stress, then the effect of utilising 
that partial S. F. will be di.fferent al different width 
stress levels. T his leads to fhe coneept of the width 
stre.~s-relaled partial safety factor S pt' where • fr' 
can mean sfress or strain. In pracrlcal terms. this 
means (hat when stress-related partial safety faetors 
are applied, [hey should only be specified at a given 
stress level for a given geosynthetic fabric. 11li 
must be Slated at the time of specifieation into the 
design and mUSl be re-examincd in the event of a 
change of geosynthetie bcing proposed. 

lt is eommon for geosynthetic eommercial 
literature to state only the ultimate WidtJl Slress 
fni lure and U1timate Srrain levels of producLS. Even 
from the elemenuuy considerations above it i5 
apparent tJlat this infonnation is .insufficient for 
responsible design purposes. Further, sinee nO-Olle 
is going LO design for a faHure condition, why 
supply the fabrie's failure infoJmation SO 
emphatieally? 

3. TYPES OF Ep CURVE FOUND IN 
PRACTICE. 

Fig.4 shows a typical multi-phase stress-v-straiJl 
curve produced by woven geotextiles. It ean be 
seen that at the start, the curve is flat, with a large 
strain for a small stress increase. Subsequently, the 
eurve steepens. 
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FigA Explanation of the different sections of a typical 
slress/slrain curve from a woven reinforcing fabric. 
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A increasillg tensi,le force is applied to a test 
specimen of gcotextile, therc are two elements 
which ean lead LO lhe production of the early flac 
eurve. Pirstly, movement of the textile in the grips 
of the maehine. This is only apparent if strain is 
being measured by measuring tlle clamp separation. 
[t is removed as an anomaly if sO'ain measurements 
are laken opticalJy directly onto tlle fabrie being 
tested. However. having removed this element of 
distortion. there is a second eause of initial high 
strain. nlis is Ihe re-orientation and srraightening of 
the eonstituent fibres as the early stress is applied. 
In the ease of woven fabries or grids, where fibres 
are already parallel with the il11posed stress, this re
orientaLion qukkly eeases and tress is passed into 
the polymer fibres which start to stretch . nlcrefore, 
as in lhe lower eurve of Fig.3, the slope steepens 
and the stresslstrain perf0n11anCe reflects more that 
of tJle textile polymer. In the ease of nonwoven 
fabries such as needlepunehed and heat bonded 
textiles. the re-orientation l'fOcesS cOnlinuously 
dominates the defonnatioll of the test spec il11en, SO 
that indueed strains are very high and a smaller 
proportion of the srress is canied in the polymer. 
So ultimately, it is harder for a nonwoven 10 reaeh 
the sarne ultimate stress levels as a woven or grld o.f 
the sarne polymer weight. Furlher. wilh a 
nonwoven, it is di(ficult to define a rrue strain 
failure point a tJle fibres just keep sepnrating snd 
re-orienlating snd a clean test break is hard 10 
produee. 

The first eonsequence of thi to engineering 
design is fuat the width srress!strain curve is rarely 
linear and therefore n linear interpolation of the 
ultimate failure figure back to the orjgin would be 
dangerous since it wOltld give an over-optimistic 
expeclation of tl1e resistive fo rce avaiJable from the 
textile. nIe second eonsequence is tllat design 
engineers should attempt to minimise the Initial 
stretching of geosyntheties in reinforcemenl 
applications by ITelching the fabric prior to 
eovering wherevcr possible. Even light hand 
tensioning is beuer tllan nothing in th is regard. To 
understand tlle behaviour of any given textile in this 
eon tex t, it is neeessary 10 ha ve the fuU stress!strain 
eurve avaiJabJe for study. Design cngineers who 
design wilhout Ihis.curve available are not designing 
at all - they a.re likeLy 10 be optimistically guessing. 
De ign engineer ' should therefore not design using 
any fabrie whose fuH stress!strain curve is not 
available. 

This statement is all the more important in the ease 
of the frequently available composite fabries where 
lwO separate stress/strnin eurves are superimposed 
and where consequently two fail llre peaks resull, as 
shown in Fig.5. This shows a typieal curve from 
the tensile tesung of a composite nonwoven feit with 
a woven serim needled on. 
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Fig.5. Ep Perfonnance Modulus curve of a composite 
woven/nonwoven geotextile. 

Thi type of product can certainly not be speeified 
by its 'failure point', sinee it has two. The design 
implication of this is that only the perfonnanee 
figure of the woven scrim ean be used unless the 
strueture is to pass through a traumatie stress path. 
The strain path shown in the figure is that derived 
from a test maehine, whieh pennits the stress level 
to fall away to a balance point with the underlying 
nonwoven, after the woven element has failed. 
However, in reality, if the stress level does not fall 
away, as might weIl be the ease in areal soil 
strueture, then the eonsequenee of rupture of the 
woven element would be instantaneous failure - if 
stress absorption was being used as part of the 
design eriteria. The high strain capacity of the 
nonwoven element eannot be utilised in a design 
without passing through the high-stress rupture of 
the woven element. 

4. PERFORMANCE MODULUS IN RELATION 
TO TEMPORARY ACCESS ROADS. 

It ean easily be overlooked that the perfonnanee 
modulus being utilised in the design and funetioning 
of temporary aeeess roads is that in the weft (or 
eross-maehine) direetion of a geotextile or grid. 
Often, the perfonnanee eharaeteristies in the weft 
direetion are decidedly inferior to those in the warp 
direction. The prime eonsequenee of this is that 
engineers should remember to specify the weft 
perfonnanee as the required design parameters and 
seeondly, the full weft direction stress-v-strain 
eurve should be available before design is exeeuted. 
Using this eurve, the designer ean assess the true 
working modulus of (he weft fibres at the required 
strain levels of say. 4% or 8%. Exeessively high 
strains can lead LO the very rapid on set of ereep 
failure in (he textile polymer. 

Although the use of the modulus of the fabrie is 
fundamental to the calculation of the perfonnance of 
the geosynthetic, a simple parametric study can 
show that for any given textile, variation from a 
linearly interpolated assumptioll as 10 the value of 
the Perfonnanee Modulus has little effect on the 
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outeome. A typical ealeulation showed that for a 12 
tonne laden vehicle making 1000 standard axle 
passes over a 10 kN/m shear strength soil, 
variations of +-2kN/m (20%) in the modulus point, 
generated less than 3mrn differenee in road 
thiekness. 

The outcome of this is that whilst optimum 
eeonomy of design will be obtained from the use of 
the aetual stress strain test eurve, nonetheless, the 
use of a linearly interpolated value from the ultimate 
stress/strain failure point would be a realistie method 
to adopt. 

5. DRAINAGE APPLICA TIONS AND 
PERFORMANCE MODULUS. 

In drainage applieations, the strength of the fabrie 
per se is not being utilised. However, the 
stress/strain behaviour iso In partieular, the ability 
of a geosynthetie fIlter fabrie to extend is often one 
of its most valuable features. It is rare that 
ealeulations are eondueted on this matter and the 
behavioural shape of the stress/strain eurve is not of 
any eonsequenee in general applieations. It is valid 
to use the ultimate stress/strain failure point as an 
indieation of the overall extensibility of the fabrie. 

6. IMPLICA TIONS OF THE SHAPE OF THE Ep 
CURVE ON REINFORCED SOlL SYSTEMS. 

It is in this aspect of design that the knowledge of 
the shape of the stresslstrain eurve is most 
irnportant, beeause it is in this applieation that long 
tenn forees are irnposed on the geosynthetie. Any 
eITors in (he assumption of the shape of the Ep curve 
will be muJtiplied through aseries of demanding 
partial safety faelOrs Lo lead 10 signiflcanL detrimental 
econornie impact on the projeet. A typieal 
ealculation ean demonstrate this. 

Reinforeement Fabrie ... woven geotextile 
Ultimate failure stress ... 100 kN/m width. 
Ultimate failure strain ... 10% 
Constituent polymer ... polyester 
Creep Faetor 2.00 
Struetural fiIl ... angular gravel 
Density of fill ... 20 kN/m3 ... 

Faetor 1.02 
Peak angle of friction (phi) .. . 
Percentage damage expeeted .. . 

Faetor 1.25 
Grip efficieney of textile ... 
Environmental degradation ... 

Faetor 1.02 

+2% 

40 degrees 
20% 

80% 
2% 

Required Iife ... 60 yrs Degradation 50% 
Faetor2.00 

These parameters are fairly simple for the 
purpose, and so may suitably serve for this 



illustration. Take, within this strueture, a textile at a 
depth of 5 metres below the surfaee. The vertical 
stress on the textile will be 100 kN/m2. Say that the 
outward force is 0.4 of the vertieal (40 kN/m2), 
then if the textile spacing is every 0.5m, there will 
be a need for a textile with a working strength of 20 
kN/m width. 

In the ease of the textile above, assuming that the 
required working strain is 2.5%, then the assumed 
working load, on a linear interpolation basis, wiU be 
25 kN/m. As illustratedin the Figs. above, it wouJd 
take only a small tail effeet caused by the re
orientation of the fibres to modify the 'straight line 
assumption' and produee an actual performance 
stress level of much less. For example 15 kN/m. 

The various paltial safety multipliers must now be 
applied, for sile damage. for friction loss between 
textile and gravel, ror environmental deteriorati.on 
nnd for ageing over the life of the structllre. TI,e 
partial safety faelors that affeci the caleulntion of 
working streSs in the first instance are:-

a) the deterioration with time, whieh in this 
case assurnes that the geosynthetic will have 
lost half its original strength over 60 years 
through polymer degradation 

b) possible slight local inerease in fill density 
c) percentage of damage expected during 

placement 
d) environmentally induced deterioration, 

which in this case is assumed to be nominal. 

To allow for these faetors, the nominal strength of 
20 kN/m will have to be multiplied by 1.02 x 1.25 x 
1.02 x 2.00 to produce a required working strength 
of 52.02 kN/m. If the eurve is non-linear and (as is 
commonly the ease in reinforcing geotextiles) it is 
below a linear interpolation, then the real available 
working stress may only be 15 kN/m. When 
multiplied by the partial faetors, this comes to only 
39.01 kN/m. TIle 5 kN/m assumption error is 
multiplied into a 13 kN/m specifieation defieit. 

As a result, strain would be increased by over one 
third to something in the order of 3.75%. A design 
requirement of 2.5% would be translated into 
3.75% as a result of the assllmption of a linear 
interpolation of the Ep curve. In practice, the 
linearly interpolated design would underestimate the 
required amount of geosynthetic by 39:52 i.e. 25%. 

Given a more critical scenario, where the required 
strain level was apparently easier at say 4%, the 
overestimation of the modulus curve could result in 
the textile being stressed above its creep resistant 
level, thus leading to premature failure of the 
structure. 

For example, if the required strain level had been 
4.5%, then the experienced strain could have 
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exeeeded 5.5% and probably 100 to premature 
failure after several years. It is more dangerous that 
thi rniscalculation will be unlikely 10 lead to 
immediate or .rapid failure of the structure. The 
further implication of these observations is that 
design train levels in reinforced soil elements 
should be kept to substantially below the percentage 
level at which creep is induced for each type of 
polymer. if Ule test curve is lInavaiLable. Far better 
to have available the actual test clU"Ve and make an 
accurate design. On a reliable eurve, strain will 
have been measured directly on the fabrie, not 
between the jaws of the testing rnaehine. 

7. IMPLICA TIONS OF THE SHAPE OF THE Ep 
CURVE ON EMBANKMENT SUPPORT 
DESIGNS. 

It is most common for embankment support designs 
to stress fabric for a relatively short period of time. 
Calcu)auons are usually based upon total stress 
analysis for the lemporary support of the 
embankmcm, whilsl the long tenn unsupported 
SUlbil'iry is assessed Erom effective analysis. If 
embankments are 10 be supported in the long term, 
then the comments made in Seetion 6 apply. For 
short tenn analysis, most of the comments apply in 
lhe same way. Factoring for age is not usually as 
severe on an emballkment design, but since this is 
not one of the immediate partial faetors used in the 
eonsiderations, it has no direct effect on the 
undere timauon likely to ari e from the lack of a !eSt 
cllrve. 11 is a conmlonly observed feature that the 
sJope of stress-strain curves are Ilnaffected by 
ageing; ralher their 1I1timale failure point reduoes 
down !he existing curve slope. TIlerefore age will 
not eause an interpolation error. 

In the ease of basal reinforcement of 
embankments, there are other design implieations 
than for reinforeed soil walls. In particular, when 
an embankment is to be constructed over a soft 
subsoil, the stiffness of the geotextile reinforcing 
layer is of critical consequenee to the outcome of the 
sueeess of the design. One of the main objectives of 
the textile is to reduce shear stresses in the 
underlying soft soil, thus keeping (he bearing 
capacity as high as possible. If induced strains are 
underestimated by 25%, !hen the oulcome can be a 
substantial reduction in the aClual global safcty 
faetor of the strueture. It is possible that this could 
lead to failure through foundation movement or 
ereep of the geosynthetie. In the first case, 
foundation failure can result if the bearing capacity 
is exceeded. In the second ease, for total stress 
analysis imposed stresses and strains can be very 
high on c.mbankment support textiles. This is 
pcnniucd in the des ign for hort periods whilst Ihe 
pore wafer pressures in Ihe foundation soil 
dissipate. It is weil known Umt small inereases in 
sn-ess above the creep onset point result in 



disproportionalely quickening failure. Polyester 
will fail over years St 60%, months nt 70%, weeks 
at 80% and hours at 90% of uldmate load. This is 
intended 10 illuslrate the increased danger of induced 
creep failure in the case of embanl.'1I1ents, owing to 
the higher level of proportional stress thnt is 
accepted in total stress design. 

8. IMPLICA TIONS OF THE SHAPE OF THE Ep 
CURVE ON BONDED COMPOSITE 
PRODUCTS. 

In the case of bi-component bonded products, the 
sriffer of the two will c1early carry the majority of 
the stress unde( lensile loading conditions in n test 
machine. However. il is interesting 10 consider in 
more detail the mechanisms whereby stress can be 
imposed onlO a composite fabrie under real sile 
conditions. 

Where a two-component bonded product is 
ubject 10 stress. it can be subjecI 10 shear forces 

either from the lower modulus or the upper modulus 
side of the product. Similarly, there may or may not 
be resislance to thaI shear on the other surface. Two 
examples are given below in Fig.6. 

Take Case A in Fig.6. This is typical of a 
composite product laid on a slope with an overlying 
layer of granular material. In this instance, if the 
upper .Iayer is the lower modulus, as shown, then 
this layer will defon" extensively lrying to impart 
shear forces LO the stiCfer layer below. (Gravity 
loading is discounted since it is assumed that 111e 
overlying stress is considerably greater than self
weight induced stresses). As the stress increases on 
it. the upper sunace will try toexrend, but lhe lower 
interface will be held back by the higher modulllS 
lower material. At this interface. high differential 
shear stresses will be generated whieh mean that 111\! 
hear strength of the upper layer wiII bc the l.imiling 

faelor in the abil.ily of the composite 10 absorb 
stress. 11le lower layer will never be stressed in 
shear 10 its ultimate capacity and the design will be 

High modulus 
component 

I Low modulus 

... ~om""nenl 
. . .. .. ... . 

'- -: :::::::. clr-wulghl '-':1.1 . . . . . . . . horu' force 
DownslOpe . .. .... . 
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G~~~rid· ::. 
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Fig.6. Behaviour of bi-component bonded structures under 
shear, with or without resistance. 
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built around the properties of the upper lower
modulus layer. 

If the scenario in Case A is reversed and the 
higher modulus material is above, the stress 
limitation is the same, insomuch as the stiffer 
material will transfer the applied load downwards 
into the softer material below, which will attempt to 
deform, but be restrained at the material interface. 
In effect, the lower modulus material again 
dominates the design eonsiderations. 

The abiUty of the composite pair 10 rench peak 
shear levels will depend upon the lower layer's 
friotion angle with the underlying soil USllally, this 
will be eonsiderable Jower Ihan the inter-Iayer 
cOhesion, so the product will tend 10 slide before 
failure occurs at the bonded interface or else the 
lower layer will be disrupted by shear. 

ease B, on the ollleI" hand represents a different 
ease. This is Ihe situation where a eompo ite 
membrane is .Iaid on a loping surfaee and is left 
exposed, so its shear force is generated by gravity 
loading from its own weight 11lis is more complex 
and there is a difference here. 1lle material above, if 
of a lower modulus will only exert ils own intemal 
weight stress onto the underlyillg fabrie. 11le 
underlyillg material i stiffer and is generaüng its 
own body weight. Clearly, ill this case, tho 
overlying Cabric is higbly unlikely 10 cause its OWIl 
elf rupture, since eaeh square unit will be able to 

transmit its own weight downwards into the stiffer 
layer below. Shear deformation will be limited to 
slightly above that of the underlying material. 

The llnderlying material will now act as a single 
componenl unit with a smaU imposed downwards 
shear load. The modulu of this material is the 
dominating factor in !lle design reqllirement in terms 
of il own internaJ slability against its own plus the 
imposed dead-weight. Ils angle of friction with the 
ground is also a faetor which will be taken into 
account in consideration of the llitimate force which 
can be imposed on itself. At a certain angle, the 
material will ei!her slip or be damaged, thus limiling 
the force eapable of being generated intemally to 
cause shear rupture. 

9. IMPLICA TIONS OF THE SHAPE OF THE Ep 
CURVE ON MULTI-LA YER CONTAINER 
DESIGNS WITH SLOPING EDGES. 

Frequently, mlllti-Iayer non-bonded structures are 
constructed where. for exarnple, geomembranes are 
both underlain and overla'in by geotextiles for 
protecrion purposes. 1llese scenarios are very 
similar 10 tho e discussed in Section 8, with the 
exception that there are often three or more layers 
and the inter-layer forces are not exerted by chemieal 
bonding, but by friction. 



In this case, shear forces are transmitted internally 
within the composite via inter-Iayer friction. So the 
first principle for consideration in the design 
considerations is the relative values of the 
coefficients of friction between the various layers. 
The weakest inter-Iayer friction value will provide 
the lower-bound limit on shear stresses which can 
be genera ted within each polymer layer. Total 
forces capable of being imparted downwards are 
limited by frietion considerntions. 

10. IMPLICA TIONS OF THE CONCEPT OF 
PERFORMANCE MODULUS ON DATA INPUT 
TO FINITE ELEMENT MESH AND SIMILAR 
COMPUTER PROGRAMS. 

Bearing all of the above in mind, it is interesting to 
look at the method and validity of input data and 
methods used in the construction of FEM programs 
for design purposes. 

The fIrst thing necessary to say is um FEM 
program users should be particularly c~reful to 
avoid believing 111at they have accurately slmlllated 
the real site condi6ons. No matter how good Ule 
algorithms and the data, the output is just a 
simulation and must always be treated with caution. 
It is common to see FEM reports using defInitive 
language. This tendency must be resisted. 

For example, an FEM package ~i!l require the 
input of Üle Young's Modulus E mto ilie mesh, 
when a geosynl11etic is 10 be emUlated. How can 
this be done? We actllally prodllce a Performance 
Modulus Ep from our test procedures. So with a 
2mm thick grid, for example, should we assume 
that the input Iayer is a 2 mm thick uniform layer of 
a reduced modulus as tested, or a very thin layer of 
an enhanced modllius which reflects the pure 
polymer's performance. 

Perhaps a useful way is to calculate ilie actual 
cross sectional area of the grid per metre width and 
apply ilie Ep stress fIgure to that, to get a real 
Modulus. Then, reduce the thickness of the inserted 
layer to match the measured cross sectional area 
over the one metre width of the model. 

The upper of the two curves in Fig.7 mighl be laken 
as representing a Iypical commercial 6S kN/m widtll 
tectilinear geogrid stress/. train plot. To calculate the 
grid's Ep (perfonnance Modutus) then 30kN Im 
produces 2% strain, so linear extrapolation would 
give a Performance Modulus (Ep) of 30 x 50 = 1500 
kN/m width. But to assess a Yonng's Modulus, we 
need to know the cross sectional area over which the 
force of 1500 kN will be applied. We can either (A) 
assurne a nominal 2 mm thickness, or (B) we can 
look at ilie actual cross sectional area of the polymer 
being stressed in the grid. 
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Fig.7. Typical WidthSlress vs Slrain curves for pre-stretched 
rectilinear geogrids with ultimate rupture levels of 50 - 65 
kN/m width. 

In the fIrst instance, we would come up with a 
cross-sectional area of 1 metre x 0.002 metres = 
0.002 m2 or else we can look al the cross section 
of the actual polymer being distorted, which is 
probably 20 grid tendons of ~ross section 10 ~l1m2 
ulong the '1 metre length. leadlOg to a cross-secuonal 
area of 200 mm2 = 0.0002m2. 

(Note tl1at it is !lQ! the rib junctions ll~at ~o (he 
work, it is the pre-stressed tendons at tl1elr thlOnest 
point at the central point of the recrangle edge. not at 
the corners of the rectangle.) 

So a force of 1500 kN is needed to create 100% 
extension over either a cross sectional area of 
0.002m2 or 0.0002 m2 

In case A, this is 1500/0.002 kN/m2 
750,000 kN/m2 

In case B, this is 1500/0.0002 kN/m2 
7,500,000 kN/m2 

Since 1 N/m2 = 1 Pa, lkN/m2 = lkPa and 1 
MN/m2 = IMPa. 

Therefore, the Young's Modulus in case A would 
be 0.75MPa and in ease B 7.5MPa. 

The Ca se B interpretation is possibly the most 
usefuI, and it is interesting to note tl1at tl1ese 
calculations produce sirnilar levels of modulus to 
those of typical soft soils. The reason why grids 
and textiles work is that they do provide a tensile 
element within what is essentially a non-tensile 
granular medium. They perform weIl because they 
have similar moduli to tl1e soil and thus in many 
applications, permit the soil to mobilise its own 
internal shear strengths before relying upon (or at 
tl1e same tin1e as relying upon) the tensile strength of 
the synthetic geogrids or geotextiles within it 


