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ABSTRACT

The Discrete Element Method (DEM) [1], also known as Distinct Element Method (DEM), is extensively
used to study divided media such as granular materials. When brittle failure occurs in continuum such
as concrete or ceramics, the considered media can be viewed as divided. In such cases, DEM offers
an interesting way to study and simulate complex fracture phenomena such as crack branching, crack
extension, crack deviation under coupled mode or crack lip closure with friction.

The fundamental difficulty with DEM is the inability of the method to deal directly with the constitutive
equations of continuum mechanics. DEM uses force-displacement interaction laws between particles
instead of stress-strain relationships. Generally, this difficulty is bypassed by using inverse methods, also
known as calibration processes, able to translate macroscopic stress-strain relationships into local force-
displacement interaction laws compatible within DEM frameworks. However, this calibration process
may be fastidious and really hard to manage.

The presented work proposes to improve the Distinct Lattice Spring Model (DLSM) in order to deal
with non-regular domains, by using Voronoi cells, which allows to completely fill a volume space with
polyhedral discrete elements. With this new approach, the rotational effects are included in the contact
formulation, which enables the management of large rigid body rotations. This work also introduces a
simple method to manage brittle fracture. Using non-regular domains avoids the cracks paths condition-
ing.

This approach is validated through many test cases. First, a smooth rolling ball was dropped on an
inclined planar ground in order to validate qualitatively the model (see next figure). Then, quasi-static
and dynamic tests were carried out in order to ensure quantitative results regarding the theory. Finally,
the last validation step involves indirect failure tests also known as Brazilian test which is very popular in
the rock mechanics and ceramic mechanics communities. The given simulations show good accordance
between results and material strength theory without any calibration of input parameters.
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