
 

Comparing open-source DEM frameworks for simulations of common 

bulk processes 

M. Dosta*1, D. Andre2, V. Angelidakis3, R. Caulk4, M.A. Celigueta5, B. Chareyre4, J.-F. 

Dietiker6,7, J. Girardot8, N. Govender9, C. Hubert10, R. Kobyłka11, A.F. Moura12, V. Skorych1, 

D.K. Weatherley13 and T. Weinhart14 

1
Hamburg University of Technology, 21073 Hamburg, Germany 

*e-mail: dosta@tuhh.de  
2University of Limoges, IRCER, UMR CNRS 7315, 87000 Limoges, France 

3Newcastle University, NE1 7RU, Newcastle Upon Tyne, UK 
4Univ. Grenoble Alpes, CNRS, 3SR lab., 38000 Grenoble, France  

5CIMNE, Campus Nord UPC, Edificio C1, 08034 Barcelona, Spain 
6National Energy Technology Laboratory, Pittsburgh, PA 15236, USA  

7Leidos Research Support Team, Pittsburgh, PA 15236-0940, USA 
8University of Bordeaux, CNRS, INRAE, I2M Bordeaux, Talence F-33400, France 

9University of Johannesburg, South Africa 
10Univ. Polytechnique Hauts-de-France, LAMIH, CNRS, UMR 8201, F-59313 Valenciennes, France 

11Institute of Agrophysics, Polish Academy of Sciences, 20-290 Lublin, Poland 
12DCS Computing GmbH, Linz, Austria 

13The University of Queensland, St. Lucia, Queensland, 4072, Australia 
14University of Twente, Drienerlolaan 5 7522 NB Enschede, Netherlands 

 

ABSTRACT 

Various discrete element method (DEM) based softwares exist for modelling granular materials. All 

of them employ the same principles of explicit time integration, where three main steps, namely contact 

detection, the calculation of interactions and the integration of motion are iteratively executed. Despite 

these similarities, there exist significant methodological differences, such as the numerous domain 

decomposition techniques used for efficient contact detection, the various particle-wall contact models, 

and the different shear force collection and application methods. Moreover, significant differences can 

be observed in the practical implementation of these systems including data management structures, 

parallelization techniques, user interaction, and documented resources.  

Choosing the right software to simulate a particular process can be challenging. This work aims to 

address this issue by comparing and benchmarking nine widely-used simulation frameworks: Blaze-

DEMGPU, ESyS-Particle, GranOO, Kratos Multiphysics, LIGGGHTS, MercuryDPM, MFiX, 

MUSEN and YADE. Only open-source software packages were considered, since these are freely 

available and their underlying algorithms can be reviewed and tested. The benchmark consists of three 

common bulk processes: emptying of a silo, mixing in a rotating drum and impact of a particle on a 

particle bed. In all three cases, the standard formulation of the visco-elastic Hertz-Mindlin model for 

dry contacts was used and only spherical particles were modelled. The main goal of the performed 

study was to compare the different software systems and algorithms. This study did not aim to validate 

the DEM approach or to test the correctness of the contact model implementations. Thus, in addition 

to analysing the simulation results, we compared the performance of the DEM softwares: All three 

cases were run on a personal computer equipped with one CPU and one GPU. The obtained results 

should help new users to identify which software is most suitable for them and to increase overall 

confidence in open-source packages. 

   

Fig. 1. Case studies investigated in the DEM benchmark. 


