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1. Introduction

The intention of this pgper is to compare the cdculation of shea locdization in granular
materia by a discrete (DEM [1, 2]) and acontinuumapproad on hebasis of the FEM and a micro-
polar hypopbstic law [3].

The discrete element method [1, 2] treds a granular material as a system of particles which
may be (or not) in many contads. In this study, we used a so-cdled soft sphae approad with
paticles virtudly overlapping when a contad occurs (Fig.1a). The contad force beween two
paticlesis demmpod into its nomal and tangentia pat. The nomal part takes into acount an
expresson for the repulsive force The tangentia force involves disspaion due to different
mechanisms of friction, i.e. from static friction throughsliding to rolling friction. If al forces ading
on a seleded particle are known, the problem is reduceal to the integration of the Newton's
equaions of motion for both trandationd and rotationd degrees of freedom To simulate grain
roughress the modd takes into acountacontad moment [2].

The DEM-cdculations were caried out in co-opaation with University of Grenoble, where
thefirst author took pat in theimplementation of the Yade-Open DEM software [2].
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Figure 1: DEM: &) interadion béween Pheicd discrete dements (U — ovelap, hown bigger for
clarity); b) dastic interadion béween nomal and shea springs (kn, ks - pring giffness [1]

In turn, the micro-polar conditutive law takes into acount the effed of densty, presaire,
diredion of deformation rate, mean grain size and grain roughnas on the material behaviour [2].
Due to the presence of a charaderistic length in the form of a mean grain diameter, the law can
describetheformation of shea zones: ther thicknessand gadng, and therelated sze effed.

The comparative cdculationsof shea locdizaion in granular bodies between DEM and FEM
were performed for sheaing in a dired shea tester [3], [4]. This tester is very popukbr in soil
mechanics, used to determine important propeties of granular and cohesive materials such as:
drained grength envelope, angle of internd friction, wall friction angle and cohesion.

2. Discrete model DEM

The DEM method uses an explicit numericad scheme in which the interadion of paticlesis
monitored ‘contad by contad’ with states of equilibrium. The resultant forces on any spheae are
determined exclusvely by its interadion with the spheres with which it is in contad. It is possble
to follow a nondinea interadion of a large number of particles without excessve memory
requirements or the need for an iterative procedure. The interadion force vedor F beween two
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sphees may be decmmposed into anomal and ashea vedor F" and AF *respedively, which may
be clasdcaly linked to relative displacenents through nomal and tangential stiffness k" and k®
(Fig.1b). The noma contad force between two particles is govaned by the nomal contad overlap
(Fig.19), and thetangential contad forceis related to the tangential displacement:

(1) F"=K"n,, AF°=4¢Au®,

where U" is therelative nomal displacement between two elements, n. is thenomal contad vedor

and Au°® denotes the incremental tangential displacement. The shea force F°is obtained by

sumning the AF *- increments. The elastic moment M is creaed by therolling part in alocd set of
axesL as (K - rolling stiffness:

(2) Mt=Ket

where 0" is the angular vedor of the rolling part. The tangential contaa displacenent dependson
both thetrandationsand rotationsof contading particles. A Mohr-Coulomb friction law determines
the maximum vaue of thetangential contad force and the maximum tendl e strength tha a cohesive
link can sugtain [1].

Fig.2 shows the force distribution between spheicd elements during a dired shea test under
verticd presaure of 100 kPa The granular spedmen 20x100 mnv induded 10000 sphaicd
elements with en averageradius of 2 mm(theinter-particle friction mefficient was 0.5).
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Fig. 2: DEM-results of dired sheaing: a) ratio beaween shea and namal force versus nomali zed
horizontal displacanent, b) force distribution béween pheicd eements duiing sheaing
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