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APPLICATION OF THE MULTISCALE FEM
TO THE MODELING OF COMPOSITE MATERIALS

S.llic and K. Hackl
Instituteof Mechanics,Ruhr UniversityBochum,Germany

The multiscaleFEM is a numeical method based othe theoy of homogenizationwith the
specificprinciple thatreal matefal propeties have to bereplaced byeffective onesobtained bythe
examination ofa RVE [6]. Theteminology "'macro” relatesto the exkamined bodywhile "micro”
relatesto the RVE descibing the mateial structure thereby the macioquantitiesare defined using
the concepbf the volume aerage andhe coupling ofthe scalesrequiresHill’ s maciohomogeneity
conditionto besatisfied.Transfomation ofthelatterconditionleadsto thedefinition ofthebounday
conditionsat microscale andn thatway to the closedormulation ofthe bounday value problem
relatedto this level. The contibution examinesmaterals with peliodic andrandom micostiucture,
explainingthree kamplesin detail.

The first examplesimulatesthe behaior of microporousnonlinearmateral. Here, a tensiontestof
aplateis consideed at macioscale while asquae RVE with anelliptical pore is chosernto descibe
the materal propeties. Givenarandom micostiucture, the RVE is assumedo have adifferentori-

entationin eachGauss’point. The materal investigationis illustrated bythree groupsof testswith

different lengthsf the semi-majoraxis of the pore. Eachtime, ellipticity is changedn aninterval

[0, 1] where the lower limit correspondgo poreswith zero thicknessandthe upperlimit to circular
ones. Theresults shar that in the momentwhen poesappearevenif their thicknesscan bene-
glected,the materal parametes decease abnce;furthemore, with pore growth, Young’s and bulk
modulusundego amonotonousleceasewnhile PoissonsratioincreasesCalculationsalsoshow that
voidswith elongatedshapehave amore significant influencen materal wealeningthan voidsvhose
shapds closeto the circularone.

The secondexamplelooks at modelingsolution-pecipitationcreep,which is a diffusional process
occuring in polycrystalsif pressue andtempeature aein thespecificrange[3, 4, 5]. For this prob-

lem, firstly a continuum-mechanicahodel isproposedwhetre the deformationis decomposedhto

anelastic andaninelasticpart andthetotal power is written asa supeposition oftotal elasticpower

and dissipationThe elastic engyy is chosenin the standad form, dependenbn the Helmholtzfree
enegy, while thedissipatedenegy is formulated paiculary for the processf solution-pecipitation
creep. It dependson the nomal velocity of the ciystal bounday dueto precipitation orsolution
of materal and onthe velocity of mateial transpot within the cistal intefaces. One of the main

propeties of this model isthat thedifferencebetweenthe nomal componenbf the Eshelbystress
tensorandits smoothappoximation becomethe driving force of the process.Such beheior is al-

readyendosed bythe expeiiments shwing thatunderhomogeneoupressue acting on oneide of

arectangularcrystal, solution-pecipitationcreep occus only in edge zonesf the sample.Another
adwantageof the proposedmodel isthat incontrast to otheprocedues, continuity of stressin triple

pointsis not required. Preliminarty resultsfor the behaior of polycrystalsare obtained usinghe

Taylor modelandshaw thatsolution-pecipitationcreepleadsto the elongtion ofthe ciystalshape.
FEM-basedmethodsare usedfor more realistic simulationsandto estimatethe changen effective

mateial pamametes over time. Here the most impotant simulationsare those concering mateials

with completelyrandomstructure andmaterals with regular structure consisting ohexagonalcrys-

tals.

Themotivation behind deelopingthe modelfor the RVE of cancellousone whichis thelastexam-
ple presentedn this contibution, is to investicatethe processof osteopoosis,whosemainindicatos
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are the decrease and p#el disappeaanceof the solid phasd1, 2]. The important featue of the
model isthat thepresenceof the fluid phasenecessitatedynamicinterrogation andanalysisin the
complex domain. According to the geomety of the microstucture it is assumedhat theRVE hasa
cubicform andthat it consistof the solid frame and ofiscousblood marmow filling the coe of the
frame. The effectve elasticitytensorandthe pammetes of materals with different microstructure
are calculatedasthefinal resultsat microscale.Compaison ofthe real patts of materal patrametes

with the expeiimentalresults shars goodagreement.The calculationst macolevel are illustrated
by simulatingthe ultrasonictestwhere the attenuatiowoeficient iscalculatedasa final result,using
theratio of amplitudesof patticle oscillations.The obtained numecal valuesare muchsmallerthan
the expeiimentalones sdhatanimprovementof the modelof the RVE is envisagedTwo mainideas
for overcomingthe problemconsistof assuminga new geomety of the solid phaseof the RVE, and
introducingwave scatteing ontheinterfaceof the phases.

From the previous overview it can beseerthat,althoughlimited by the requirmentsconcening the
sizeof the RVE, the multiscaleFEM canstill be appliedo modelingcompositematerals with very

diverse microstiuctures. The examplespresented her confim in paticular that themethodcan be
appliedefficiently in modeling nonlineamaterals with a regular structure anda randomstructure,

which mostly exceedshe abilitiesof analyticalsolutionsand othemumeical methods.
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