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ABSTRACT
In orderto incorporatethe heterogeneousiicro- or mesostructuref materials the multiscalemod-
elling techniqueseemdo be anadequatanalysistool. Here,the multiscaleframeis analysedasa
macro-mesatraightforwardroutine. The questionof the sizeof the meso-leel is analysedn the
basisof therepresentatie volumeelement{RVE) concept.For this purposea procedurdor theRVE
sizedeterminatiorwasproposed.Thetwo issuesof the RVE sizedeterminatiorandthe multiscale
routinehave beenanalysedn thelinearelasticandsofteningregimes.

1 INTRODUCTION

For thesolutionof mechanicaproblemghemultiscaletechniqudFishetall [1], Feyel [2], Kouznet-
sovaetal. [3], [4], Gitmanetal. [5], [6] etc.) is usedto transferdatabetweerdifferentscales.One
wayto performamultiscaleanalysidss asfollows: theproblemis solvedonthehighestmacro)level,
whereat eachmacro-level integrationpoint a meso-leel analysiss performed.Next, the resultsof
the meso-l@el investigationareaveragedhroughhomogenisatiotechniquesaindthe resultsof the
macro-level analysisarecorrectedIn otherwords,atwo-scaleschemes introducedo describethe
structureon macro-level taking into accountinformationfrom the meso-leel. The materialon the
macro-level is considerecashomogeneouwhile atthe meso-leel the materialis heterogeneous.

In a multiscaletechnique an apparenguestionis whatthe dimensionsshouldbe of the meso-
level samplethatis considered.The sizeof the meso-leel sampleis definedby meansof a repre-
sentatve volumeelementRVE).

Theaimsof this paperaretwofold. Firstly, a procedureof RVE sizedeterminatioris presented
andanalysedor the casef linear elasticityandsoftening. Secondly a multiscaleanalysisusing
theresultsof anRVE studyis performed.

2 RVE SIZEDETERMINATION

The problemof the RVE size determinationis a key issue in the multiscaleroutine and needs
a detailedinvestigation. The Representate Volume Element(RVE) is widely usedin nowadays
mechanicgAudin etal. [7], AshihminandPovysher [8], Behrensetal. [9], FraldiandGuarracino
[1Q]). Severalattemptshave beenmadein literatureto develop a procedureo determinethe rep-
resentatie size. DruganandWillis [11] proposedhe quantitatie estimatef minimum RVE size
for elasticcompositesandalsoBorbelyetal. [12], Bulsaraetal. [13], AshihminandPovysher [8]
suggest way to definethe sizeof the RVE. An objective methodto determinehe sizeof the RVE
wasproposedn Gitmanetal. [5]. A shortoverview of this methodis presentedn the following
section.
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Figurel: a) tensiontestb) Chi-squareanalysisc) RVE-sizedependencen aggreyatedensity

2.1 Method description

The methodis basedon the statisticalanalysisof the numericalexperimentsperformedon several
differentsamples.The heterogeneousiaterialis assumedo consistof matrix, aggreyatesandin-
terfacial transitionzone. Threedifferentaggreyatesdensities(volumeratio) were consideredfor
eachof themfour differentsamplesizeswere analysedwith the help of five differentrealisations
(redistritution, repositioningof theaggreyates)thus60 numericaltestshave beenperformed.Then,
theresultswereanalysedvith the help of the Chi-squarecriterion:
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whereo; beingthe parametenpf interest,representinghe averagevalueof the stressn the current
unit cell, < o > istheaverageof ¢;, andn is the numberof realisationdor the currentsize.

2.2 Results

Tensiontests(figure1-a)wereperformednthesamplesandtwo casewverestudied:alinearelastic
materialanda softeningmaterial. Softeningmaterialbehaiour was describedisingthe elasticity
basedgradientdamagemodel(Lemaitre[14], Peerlinggd15], Simone[16]):

0= (1—-w)De (2

wherec ande are stressesand strainsrespectiely, D is the matrix of elasticstiffness(different
for eachcomponenbf the material)andw is historically dependenstrainbasedsofteningdamage
evolution law.

Linear elasticity Resultscorrespondingdo the linearelasticcaseare presentedn figure (1-b,c).
In figure (1-b), Chi-squarevaluesfor differentaggregatedensitiesanddifferentsizesarepresented,
togetherwith the table value, which was found accordingto the prescribedaccurag (95 %) and
the numberof numericaltestsperformed(five realisationfor eachaggreyatedensityandeachsize).
Figure (1-c), derived from figure (1-b), shavs the dependencef the RVE sizefrom the aggreyate
density It shouldbe noted,thatthe rangeof aggreatessizeswasthe samefor the completeseries.

Softening Resultscorrespondingdo the softeningcaseare presentedn figure (2-a). The stress-
straindiagramdor thedifferentsizesareplottedtogethetin orderto give anoverview of thematerial
behaiour dependingon the size of the sample. It canbe obsenedthatin the post-peakegime a
biggersamplesizeresultsin a morebrittle responsésteepeslope).
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Figure 2: a) stressstrain diagramsfor different samplesizes; statisticalanalysis: mathematical
expectationandstandardieviation for b) elasticstiffness(linear elasticregime) c) tangentstiffness
(softening)

In orderto be moreprecisefigure (2) is shaving the statisticalanalysis(mathematicaéxpecta-
tion andstandarddeviation) of the slopesin two points: thefirst in thelinear- elasticpartandthe
secondn the softeningpart. It is obsenedthatin spite of a good corverging patternwith the size
valuesof the standardieviation, the mathematicaéxpectationin the softeningcasegrows with in-
creasingsize.In thelinearelasticcasebothmathematicaéxpectatiorandstandardieviationremain
practicallyconstaniith increasingsize.

In the caseof softeningit is not possibleto find a size, which is representatie. In contrast,
with increasingsamplesize the materialbeharesmoreandmorebrittle. Meshsizedependencen
this scaleis excludedby using a higherordercontinuumdamageformulation. This supportsthe
conclusionthatin caseof softeningmaterialbehaiour, arepresentatie volumecannotbe found.

3 MULTISCALE PROCEDURE.RESULTS

On the macrolevel in the multiscalecomputation(figure 3), the materialis consideredo be
homogeneousvith an imperfectionin the middle of the macro-structurg10 % reductionin the
cross-section)Insteadof a constitutize relationon the macro-level, anaveragedesponsdrom the
meso-leel hasbeenused. On the meso-leel, materialis consideredo be heterogeneousmnatrix
with inclusions,surroundedvith aninterfacial transitionzone. Eachof thesecomponentsasit’s
own mechanicaproperties.

Theseaesults(in thesameway asit hasbeendonefor the RVE sizedeterminationjvereanalysed
in two regimes: linearelasticity and softening. In both of thoseregimesthe issuesof meso-size
dependenceasstudied.
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Figure3: multiscaletest
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Figure4: multiscaletestresults:meso-leel sizedependence

As it wasmentionedabove, two differentsizesof themeso-l&el have beenusedin themultiscale
routine. The differencebetweenthe responsef the macro-level on changingthe size of the meso-
levelin thelinearelasticcasds practicallyzero.Differencestartin thehardeningegime. However,
thesearesignificantlysmallerthanin the softeningregime. In otherwords,in the softeningregime
the macro-level responseés extremelysensitve towardsmeso-leel sizechangesTheseresultsare
shavn in figure (4). Macro-level meshdependencis atopic of furtherstudy

4 CONCLUSIONS

In this papertwo issuesare analysed:the problemof representatie volumesanda multiscale
modellingtechniquepothfor linearelasticandsofteningmaterialbehaiour. Following the proce-
dure,basednthe statisticalanalysisof numericalexperimentsijt hasbeenshavn thattherepresen-
tative volumecanbefoundwith relatively high accurag in the caseof linearelasticity However, in
caseof softeningarepresentatie volumecannotbefound. Furthermoreamultiscaleprocedurénas
beenperformed.On the basisof the dependencef the macro-lerel responsevith respecto meso-
level sizea conclusionis madeaboutthe applicability of the multiscaleframefor linearelasticand
softeningmaterialbehaiour. This conclusionis presentedn table(1).

Furthermorea multiscaleprocedureéhasbeenperformed.On the basisof the dependencef the
macro-level responsevith respectto meso-leel size a conclusioncan be derived for the applica-
bility of the multiscaleframefor linearelasticandsofteningmaterialbehaiour. This conclusionis
presentedh table(1).

Tablel: Multiscaleoverview.

| Results | LinearElasticity | Softening]
mesosizedependence - +
multiscale OK NOT OK

In thelinear-elasticcasejn whichtherewasno meso-leel sizedependencundthe multiscale
framecanbeappliedandit givesrealisticandaccurateesults.Onthecontraryfor softeningmaterial
behaviour, one can expect meso-le@el size dependencewhich questionsthe applicability of the
multiscalemethod.
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