
ABSTRACT 
 
 
 
The discrete element method is a numerical technique which models solids as a collection of particles in 
shapes such as discs, spheres, polygons, etc. Particles can deform and displace independently from one 
another and interact through contacts or interfaces between them. Unlike the traditional numerical 
methods based on continuum theories (finite element or finite difference methods) which are limited in 
dealing with the two failure modes at the same time, discrete element method has the obvious advantage 
of modelling damage and brittle fracture simultaneously, which occur as a generic consequence of 
particle separation and sliding at a micro-scale. 
 
In general, the discrete element method specifies properties for both particles and the contacts between 
them at a micro-scale (for example: contact stiffness, bond strengths, friction coefficient, etc). 
Meanwhile, at the macro-scale, a material is described by its elastic constants, strengths, etc. Since there 
is no complete theory to predict the macro-scale material properties from the micro-scale or vice-versa, 
establishing the relationship between material properties at the micro and macro-scale then becomes a 
prerequisite for any applications of the discrete element method to model any engineering problem. 
 
The primary target of this investigation work  is determinate the relationship between micro and 
macrostructural parameters in the discrete element method (MED) to be able to simulate the behavior of a 
great diversity of materials. 
 
The main assumption of the material model is that the material can be represented as a collection of rigid 
spheres interacting among themselves. In two-dimensional models discs are used instead of spheres. 
Appropriate contact laws allow us to obtain desired macroscopic material properties. Material 
deformation is assumed to be concentrated at the contact points. The contact law can be seen as the 
formulation of the material model on the microscopic level. Special constitutive model of contact 
interface taking into account cohesion forces allows us to model fracture and decohesion of materials. 
 
The constituent model of the material is established in the contact zones  between particles and is 
characterized by several mechanical elements like: wharves, pistons and friction elements. The wharves 
elements describe the elastic behavior in the contact zone between particles. This elastic behavior is 
described by two different wharves: one in normal direction and one in tangential direction. Both 
elements are the descomposition of the contact force used in the MED. The friction elements describe 
descohesion and the fault of the material in the contact zone between particles. On the other hand the 
pistons are elements that take into account viscosity and are regulation energy elements. In the established 
formulation several models of contact can be used indifferently and that can be delimited in models of 
viscous and nonviscous contact 
 
The caracterization of the microstructural parameters and the relationship between them and 
macrostructural parameters is made by the realization of virtual compression and traction tests. First steep 
is to introduce the microstructural parameters in the numerical method. Second steep realize the virtual 
compression or traction test. And finally analize the macrostructural parameters obtained. 
 
 
 


