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1. Abstract

Modeling of granularmaterialsis an importantresearchareaespeciallyin civil engineering.
Granularmaterialsarestronglypresentn nature,andareinvolvedin mary industrialprocessessuch
asthe ballastusedundertherailwaysof a high-speedrains. Usingonly a discreteapproacto sim-
ulate a large mediumthat emplo/s an enormousnumberof grainsof ballastseemsvery difficult in
termsof calculationsand implementation. Moreover, a homogeneouapproachconsideredike a
continuumapproachdoesnot give the exactresponseén a zonewhereparticularandlocalizedphe-
nomenacan occur The purposeof this paperis to presenta formulationfor couplingbetweena
discreteapproachat the microscopicscaleanda homogenizegpproachdeducedrom the discrete
approachat the macroscopiscale.Numericalmethodshatareenableto treatsuchsituationswhere
the domaincanbe decomposeth subdomainsdescribedby approachesn variousscalesare pro-
posed.lt is at the sametime a questionof clarifying the baseof theseapproacheandof proposing
numericaltoolsadaptedo thiskind of situations.

Keywords: DiscreteapproachHomogenizedapproachgrainsof ballast,staticequilibrium, deflec-
tion.

2. Intr oduction

A primary objective of modernmaterialsmodeling,is to predictthe materialsresponseand
failure governedby deformationmechanisms.Modeling the ballastall alonga line at high speed
(TGV) by usinga DiscreteElementsMethod (DEM) seemsvery difficult in 3D. This difficulty is
dueto thelongtime of simulationandwhich carriesout at a high cost. However, by usingcontinuum
mechanicsor zonesvheresingularphenomenaccur we cannotobtainexactbehaior of thestudied
material. It is clearthat somecoupledmethodologymustbe establishedo combinethe strengths
of both discreteand continuummodeling. Although this field hasacquireda substantiahistory; it
remainsanactive areaof researcil], [2], [3].

The majority of methodsof couplingbetweenthe discreteand continuummodelingconsider
firstly a microscopicapproachon fine scale,and deducethe coarseapproachon macroscopiccale
from the microscopicapproach.

In the objective of basinga clearideaon the behaior of the ballastundertherails of aTGV in
2D or 3D, we proposea 1D modelcomposedf a beamrestingon springs,andon which we applya
load F.

In thiswork, the deflectionof the beam(aswell asall nodeparametersjhatminimizesthe en-
emgy of the systemis calculatedusingtwo approachegjiscreteapproachandhomogenizeé@pproach
deducedrom thediscreteapproachA comparisorbetweertheresponsef the sytemobtainedusing
theseapproachewill bealwaysmadein orderto illustratethecasesvherethehomogenize@pproach
cannotreplacethediscreteapproachThis differencewill bring usto applythe coupledapproach.

3. Discreteand HomogenizedApproach

We notethatthe beamrespresentarail, underwhich thetracktie andthe grainsof ballastare
modelledby springswith elasticbehaior. The appliedloadis supposedix, sowe areinterestedo
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thestaticproblem.The staticequilibriumequationof the discreteapproachs written:
N

(1) EIu™(z) + Z hku(z)d (x — z;) = Fé(x — D)
i=1

D, h andk; meangespectiely thedistancebetweertheendof thebeamandthe pointof application
of the appliedload, the spacingbetweenconsecutie track tiesandthe stiffnessof springs. NV is the
numberof tracktiesandz; is thenodeposition.

Forthehomogenizedpproactwe proceecby thehomogenizatiowf thebeamcomparedo the
stiffnesse®f the springs.The philosophyof this approachreturnsto thefact, thatin the microscopic
scalewe startedfrom anenormousiegreeof freedom(do f), whereaghe homogenisatioiis usedto
replacethe zonesthathave homogeneoudof by only onedof, which will have like consequenct
reducethe nedeeccomputingtime.

After anumericalimplementatiorof theseapproachesseveraltestwereelaboratedWe tested
mary caseswvherewe have heterogeneousndhomogeneoustiffness.In the caseof heterogeneities
underthe rail way; it wasclearthatthe two approacheteadto differentresults,especiallywhenthe
ratio betweerthe numberof the elementof two approachescreasesThis differenceis illustrated
moreparticularlyin the zonespresentingheterogeneitiesBecauseof this difference,a coupledap-
proachbetweerthe homogenizednddiscreteapproaheshatis enableto producea similar behaior
of ballastlik e thatproducecdby the discreteapproachis proposed.

4. Coupled Approach

Thefirst stagein the numericalsolutionof the coupledapproachs a homogenizedpproach
wherethe ratio betweenthe size of a homogenizedktlementand anotherdiscreteelementis very
high. Firstly the mechanicaparametersn thefirst nodearecalculatedandthe criteria of couplingis
applied. This criterion canbe summarizedasfollows: If the deflectionandrotationerrorscalculated
by two approachess lower than10%, the scaleof computatioris notchangedelsethediscretization
is refinedthat it meansa decreasingn the size of the homogenizedlement. This procedureof
refinements usedaslongasit is necessaryn orderto be placedonthescaleof thediscreteslements.

5. Conclusion

After applying the coupledapproachin the caseswhere the homogenizedand discreteap-
proachesdo not give an identical behaior of the ballast,we could shav the efficiengy of this ap-
proachandit canbe summarizedn two points. Firstly, the good agreemenbetweenthe discrete
andthe coupledbehaior andsecondlythe reductionof the numberof discretenodesthatimpliesa
reductionin the computatiortime comparedo thediscreteapproach.
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