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The fracture evolution of heterogeneous brittle materi-
als is involved in several industrial processes, such as
communituion and drilling in mining applications. The
mechanical response of heterogeneous brittle materials
is not only dependent on the mechanical properties of
their constituent minerals or materials, but discontinu-
ities within the material affect the response as well. In
rocks, for example, these discontinuities may consist of
microcracks, pores and grain boundaries. Further, the
grains may exhibit geometrical heterogeneities due to
grain shape, orientation and size, as well as mechani-
cal heterogeneities due to varying strengths and elastic
properties. The micromechanical heterogeneities also
affect the initiation, propagation, branching and coales-
cence of cracks, well known to be governing factors of
fracture processes in brittle materials.

The Bonded Discrete Element Method (BDEM) is
a popular numerical method for modelling brittle het-
erogeneous materials such as cement and rock [1,2].
Here, a continuum is represented by a set of spherical
particles connected by linear elastic springs, or bonds.
A bond breaks once its stress state exceeds the pre-
described strength value. In this way, the initiation and
propagation of cracks are described naturally on a mi-
croscopic level with this method.

In this work, a new statistical modelling approach for
brittle heterogeneous materials is presented [3]. This
model is based on the BDEM but heterogeneity is in-
troduced in two new ways. Firstly, ellipsoidal subsets
of random size and shape are used to represent the dif-
ferent mineral grains in a rock material. Secondly, the
micromechanical BDEM parameters within these sub-
sets are given by the Weibull distribution. The model is
evaluated by simulating fracture in two common rock
laboratory experiments - the Uniaxial Compression Test
(UCT) and the Brazilian Disc Test (BDT) - as well as
fracture and tool wear in a comminution process.

The results from the UCT and BDT show that the
stochastic model is able to reproduce the unpredictable
nature commonly seen in laboratory rock experiments.
This is true both with regards to fracture behaviour
and predicted compressive and tensile strength. The
results from the comminution simulations demonstrate
the wide applicability of the model, where the varying
mechanical properties, sizes and shapes of the rocks af-
fect the crushing process and tool wear.
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Figure 1: Results from the simulations: crack propagation in
the Brazilian disc (a) and the uniaxial compression
test (b) as well as crushing in the comminution pro-
cess (c).
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