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Granular materials are very common in nature and
they are the second most used material in industry, only
surpassed by water. It has been estimated that the han-
dling and processing of granular materials consumes
about 10 % of the energy produced globally [1]. The
industrial processes often involve more than process
stage, and in each there are different length scales and
physics to be considered. One example is particle size
reduction by comminution, where both a granular and
a fluid phase might exist simultaneously. Another ex-
ample is handling and transportation of blasted ore and
rock, where the particle sizes may vary between very
small grains to large boulders. Despite their substantial
importance, granular materials remains challenging to
predict due to the fact that the same base material can
show three different states of matter, gas, liquid, and
solid, depending on how it is mechanically loaded.

With traditional mesh-based continuum methods,
such as the finite element method (FEM), very large de-
formation, free surfaces and moving boundaries are dif-
ficult problems to model. These phenomena are com-
mon when dealing with granular materials. To circum-
vent the issue of e.g. severe mesh distortion caused by
very large deformation, particle-based numerical meth-
ods, where particles are used as discretization unit have
gained a lot of attention in the last decades. Among
these, there are two main approaches, continuum and
discrete. In a continuum approach, a constitutive law is
used for describing the mechanical behavior. Here, the
granular mass is assumed to be continuously distributed
over its volume and contacts between individual grains
are not explicitly modeled. In a continuum particle-
based method, the particles represent the discretiza-
tion unit. The smoothed particle hydrodynamics (SPH)
method [2, 3] and the particle finite element method
(PFEM) [4] are examples of continuum particle-based
methods. In a discrete approach, each single particle
is explicitly modeled and the contact behavior between
the particles governs the mechanical behavior. Thus,
the particle represent both the physical unit in the gran-
ular media and the discretization unit in the numerical
method. The discrete element method (DEM), devel-
oped by Cundall and Strack [5], is the most widely used
discrete approach for modeling granular media.

All particle-based methods have advantages and
drawbacks. For instance, a very large system of par-
ticles is often not feasible to model using DEM due to
the connection between number of particles in the sys-
tem and computational time required to run the simu-

lation. On the other hand, a continuum approach will
face difficulties in regions where the material behavior
is of a discrete nature, i.e. governed mainly by inter-
actions between a few particles. Thus, to model indus-
trial applications, a combination of different particle-
based methods might be required. One example is the
wet stirred media mill, where the mill structure can be
modeled by FEM, the grinding media by DEM and the
slurry with PFEM. A stirred media mill can simulated
by coupled FEM-DEM-PFEM models. Another exam-
ple is bulk material handling in mines where the mining
equipment as well as the larger rock fragments are mod-
eled by FEM while smaller rock fragments are modeled
by DEM. Coupled FEM-DEM models are then used to
simulate e.g. the loading of blasted rock onto the truck
bed.

There are many more examples and it is concluded
that particle-based methods are useful for modeling
granular materials. If combined, they can be used to
simulate a large variety of industrial processes involv-
ing granular materials. This talk aims to provide an
overview of common particle-based methods and their
applications.
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