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ABSTRACT 

This work exposes some new capabilities and improvements of the novel coupled formulation called 

FEM-DEM [1,2] that combines the widely known Finite Element Method (FEM) with the Discrete 

Element Method (DEM). The FEM-DEM formulation initially behaves as a damage model. These 

models consider that the non-linear behavior of a cohesive-frictional material is directly related to the 

creation and propagation of micro-fractures inside the continuum. Once a finite element surpasses a 

certain level of damage, the FEM-DEM formulation removes that finite element and the discrete 

elements are generated at the nodes of the damaged element. It is for this reason that the formulation 

is named FEM-DEM. The model defines the initial geometry with finite elements (FE) which are going 

to be loaded and, according to their stress level, removed and substituted with discrete elements (DE). 

These DE’s ensure the mass conservation of the geometry and avoid the indentation between the FE 

of the crack lips due to the contact forces that appear between the DE located at the nodes of the crack 

(see Fig. 1). These contact forces of the DE are transferred to the FE as an equivalent nodal force at 

each time step. 

 

 

 

Fig. 1. Damaged geometries of different aplications of the FEM-DEM method 

This methodology has been enhanced with the inclusion of an adaptive remeshing technique that 

creates smaller elements in the vicinity of the crack path and larger in the non-interesting zones of the 

domain (see Fig. 2). This means that the remeshing algorithm is going to create a finer mesh in the 



 

zones with higher stress gradient but, since the rest of the domain is remeshed with bigger elements, 

the calculation time remains delimited or even reduced in some cases. The different methodologies 

available in terms of metric calculation, nodal/gauss point variables, isotropic/anisotropic remeshing, 

etc. will be presented. 

  

Fig. 2. FE meshes with or without the remeshing technique 
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