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Abstract

Theevauationof medanicd propeties of heterogeneousmateials presents multidisciplinary
taskwhere the contributon of microstrictural effeds isof majorimportant. Direct simulating of the
mateial strudures as heterogeneous continuumis inappopriae for several reasons because it re-
quires a large CPU time and did not improve the undestanding of the role of microstricture Re-
cently, multi-scale approach becane usdul simulating technique,where magosmpic medanicd
propeties of the heterogeneus solds are defined in terms ofgrain propeties and theirinteractions.

Among the numerica simulation methodsthe Discrete Element Method (DEM), introduced
by Cunddl and Strack [1] has becomethe mostuseful tool. Evaluation of the contad behaiour be-
tween particles is decisive in the DEM. Originall y, mostof the DEM applicaionsare aimed to sim-
ulatenoncohesive granular mateials with uniatera repulsive normel coniad.

Presented report addresses the normd contad between two elastic relatively stiff sphercad
paticlesinterading via weaker interfacemateial (Fig. 18). The problemis consdered andyticdly
and by applying the Finite ElementMethod (FEM). The 3D FE comprises two sphees bonded by
the three dimensioral cylinde. The above approac is aimed for devdopment of the DEM. Two
types of theinterfacematerial modelswere considered. The purdy elastic mateial was examined in
the fir st saies of sanples and comprishg wide range of various paameters. The analyticd modd
comprising combination of three sequential andparallel bondirg springs (Fig. 1b) was developed.

The viscodastic interfacemateial between two contading particles was examined in the se-
cond saies of samples. Viscoelastic properties of the solid obey of the Maxwell model (Fig. 1c),
while relaxation was desribed via Proly series[2].
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Fig. 1. Modified nomal conta¢ modd: a) geomety; b) bond mod! for eastic interface— springs
system c) bond modefor viscoelasticinterface— springs-dashpos system

a)

Variation of the linear bond stiffness parameters against relative easticity modulis
E* = Ej/Ey illustrating the weakening of the interfaceis givenin Fig. 2ain logarithmic scale. Here,
full interfacewith the daa value E* = 5 correspondsto the heterogeneous case of granite grains
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embedde into cementpaste,while the data value E* approximately equal to 10000correspondso
the heterogen@us case of granite grains embedde into asphalt Dashed horizontalline shows con-
tribution of the stiff ness ofparticles k; andk; which are indepeandent on interface The contribuion of
interface mateial expressed in terms of stiff nessof the interfacelayer k. and the parallel bondKppjj
exponentialy decay with decay of the interface propeaties The main obsevation is that resultant
stiff nessof the sequentially connested springs Kiic (thin line) and total stiffnessK,;; (bold line) con-
verges to the stiff nessof the interfacelayer k.. This modelas the FEM shaws, that deformability of
particles is negligibly small and could be negleded in the computtiond modelswith the relatively
weak interfacebonds Consegently, particles could be presented by rigid surface thereby, simpli-
fying computtiond model and educing the size of themodel.
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Fig. 2. lllustrdion of simulation resuts: @) variation of sepaate bond sffness paametrs with
weakening of the interface b) compaisoncdculation modds for weaker interface 1 — FE linear
mode| 2 — FE geometicdly nonlinear model

Comparson of employed elastic and visco-elastic modéds for the case of weak interfacerele-
vant to asphaltin terms of relative stiffnessk is illustrated by column-diagram given in Fig. 2b.
Here cdumnsl and 2 il lustrate FE results. Results showthatthis proposel modelfail s however for
the caserdatively wedker interfacebonds The above modelof contading particles with the paralel
bondis suitable for the evaluation of conta¢ with thick interface for the relatively strorg bonds
Therefore will be offered correctednormd conta¢ modelfor weaker interface bonds

It was foundthatfor weaker interfacethe FE nonlinea modelwith large deflection shoutl be
applied, becauseit gives higher acairacy of contad relative stiff ness compared with the modified
arglyticd cadculation cottad modd.

Obtanedresults by FE modelclearly demongrate influenae of the viscosty of interfacesolid.
For normd displacementof paticles equal to 6.6% of particle radius R, yields redudion of thein-
teradion force up to 56.% when compared to puely elastic poperties.
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