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1. General

Thediscrete (sometimes referred to asdistinct) element method (DEM) introducel by Cundal
and Stradk [1] started with its first applicaion to simulate the dynamic behaviour of granular
material. Contrary to the methods based on the continuum approac, DEM is based on the
Langrangian approadh, meaning tha particles of granular material are treaed as contading bodies,
while dynamicd parameters (postion, velodty, orientation, etc.) of ead body are traded during
thesmulation.

Gengadly, the DEM concept permits numericd simulation of a wide variety of problems
ranging in different scdes. It comprises fundamental ideas of moleaular and multi-body dynamics.
On the othe hand, DEM may be conddered as one of the numericd methods describing the
behaviour of continuumin terms of a finite number of discrete parameters. Recently, the DEM has
bemme a powerful tool for solving many scientific and engineging problems.

2. Concept and methodology

Thegranular material consdered in this pgper presents a spacefill ed with deformable bodies,
termed here as discrete elements. The simple and most populr particle shapes in threedimensons
are the sphere and the dllipsoid. When moving, the particles as contading bodies impad and
deform ead other.

Individud bodies change thar postion dueto freerigid body motion or interadionswith the
neighbouing bodies or walls. The trandation and rotation of eat bodyin time t are described by
the seand Newton’s law and expressed in terms of resulting forces ading at the centre of gravity.
The mog popubr inter-paticle contad modd of frictiond visco-elastic body condders a
combinaion of dasticity, damping and friction force eff eds.

3. Computational apeds

Computationd aspeds of DEM involve [2-3] basicdly problem formulation, contad
seaching, computation of forces and time integration of equaionsof motion. Problem formulation
involves a spedfic technique to set up the initial and boundry conditions The explicit time
integration techniqueprevailsin the DEM computations

Themain disadvantages of the DEM technique in comparison with the well-known nunericd
methodsbased on continuum approad, are related to computationd capabiliti es limited by a huge
number of particles and a relatively small time step used in time integration, therefore, much
attention is also pad to software implementation. Improvement of computationd efficiency by
usng padle implementation is aredistic dternative.

4. Application to granular materials

Severa applicaion examples of DEM to dry noncohesive granular material problems are
consdered and selecded moddli ng results are presented. Simulation of filli ng and ungealy/steady
discharge processs in threedimensond hoppes of different geometry is ill usrated in detail s [4].



36th Solid Mechanics Conference, Gak, Sept. 9—12, 2008 137

The microscopic parameters of granular material composed of spheicd particles are analysed in
terms of ther contribution to maaoscopic parameters, such as time-dependent evolution of the
system kinetic energy, parosty fields discharge rates as well aswall and neterial stresses.

Alongwith spheicd particles, the multi-sphae (MS) approximation approad [5] of the 3D
axi-symmetric €li psoidd paticle is aso illugrated. Peformance of the MS approad is examined
by solving a piling problem. The deviation of a multi-sphae shgpe from dlli psoid at the particle
level is evaluaed.

5. Moddlling of solids

DEM is aso extensvely applied to the simulation of solids mainly concening dynamic
deformation bénaviour and fracdure problems. Devel opment of the continuumcongstent lattice-type
DE modd for 2D solids is consdered. The proposd DEM approat asuumes tha de€formation
behaviour of solid is described by trandationd motion of particles, while inter-particle forces are
expressed in terms of axid forces of the axially deformed connedion dement.

The FEM tedhnique was applied to the development of the DEM modd. By applying a
standad condant strain triangle finite element it was shown tha Cartesian elastic inter-particle
forces may be expressed in terms of stiffnessmatrices of thetrianges incorporated. The developed
combined DEM/BEM approad is based on the andogy between the structural and continuum
variablesin atriange. Theresultant nomal dastic force presents the sum of individud edgeforces
of adjacent triangles. Additiondly, eat of the edge forces is composd of two componeits
involving influences of the axia and shea stiffness For isotropic solid, two stiffness parameters
may be diredly extraded from the stiffnessmatrix of thetriangle.

The suggested approad is independent on the Poisn’s ratio and the shape of the triange
lattice From the physicd point of view, conventiond mutud interadion of particles is modified by
the collaborative interadion of the locd paticle asembly. Consequently, modificaion of the
algoiithm and the DEM codeis required. Multi-fracure with randonly distributed tendle strength
propeties of the materia is conddered for ill ugtration.
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