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ABSTRACT 

Particle shape is a key factor which affects both the statics and dynamics of granular matter. 
Appreciating this, many methods have been proposed for simulating non-spherical particle shapes in 
discrete element method (DEM) simulations [1]. One of the most common, adopted in the popular 
commercial codes EDEM and PFC, is multi-sphere clumps. Although convenient because of its basis 
on simple spheres, a disadvantage of the multi-sphere approach is that many spheres may be required 
to approximate a real particle’s shape with reasonable fidelity [2] which can be computationally 
expensive. 

In this research, we introduce a hierarchy into the multi-sphere approach, with the aim of reducing 
the computational cost for simulating arbitrarily shaped particles at high resolution. The hierarchy 
consists of two levels. Firstly, large spheres are used to roughly approximate the particle’s shape. 
Secondly, each of these spheres contains a large number of points or small spheres, sufficient to give 
the required level of accuracy. The potential performance improvement comes from the fact that the 
detailed representation of the particle’s shape only becomes relevant at possible contact points.  

This hierarchical approach was implemented in LAMMPS [3] by adapting an existing body/nparticle 
pair style [4]. The efficiency of the implementation is compared with the multi-sphere approach 
without using the hierarchy for both dense cases with many, long-duration contacts and dilute cases 
with few, short-lived contacts. The optimal balance between the number of large spheres and the 
number of points within each large sphere is explored. Finally, the limitations of the current 
implementation are discussed and sources of performance improvement are suggested. 
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