
Computational Particle Mechanics (2021) 8:1003–1004
https://doi.org/10.1007/s40571-021-00442-w

EDITORIAL

Fragmentation and abrasion in granular matter systems

Thomas Weinhart1 · Jeremy Lechman2 · Thorsten Pöschel3

Published online: 6 November 2021
© The Author(s) 2021

Fragmentation and abrasion are fundamental particle-level
processes that affect many macroscopic properties of gran-
ular media, from the particle size distribution to the stress–
strain relationship to the wear of process equipment. Study-
ing those processes is essential in many fields, including
the geotechnical engineering, mining, pharmaceutical, and
chemical industries.

Fragmentation and abrasion in granular systems can be
described on at least two complementary scales. On the
intra-particle scale, one needs to understand the fracture
behavior of a single particle. Such fractures are affected
by the material properties and the internal structure of the
particle. Pore structure, pre-cracks, material plasticity, and
the particles’ geometric shape affect the particles’ fracture
behavior. Modeling the intra-particle scale allows charac-
terizing the fragmentation behavior of granules, resulting in
fracture models for multi-particle simulations. As particle
properties vary within a granular bulk, usually those frac-
ture models rely on a statistical approach; thus, they describe
the average fracture behavior of a particle. Fracture mod-
els derived in this way can then be used to understand the
macroscopic behavior of the bulk material.

Various numerical approaches have been used to simulate
particle fragmentation and abrasion, such as peridynamics,
the discrete element method (DEM), and contact dynamics.
As with all numerical models, experimental calibration and
validation are essential to the development of practical and
predictive simulation methods.
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We have asked several experts in modeling fragmentation
and abrasion in granular systems to contribute to the present
issues. The topics of these contributions are vast, ranging
from intra-particle-scale simulations to calibration and val-
idation to the development of numerical methods to predict
bulk-scale behaviour. In the first paper, the authors present
new peridynamicsmodel formodelingmolecular crystal par-
ticles. The second paper discusses the effects of pre-cracks
in the internal structure of the particles on the fracture behav-
ior using peridynamics. In the third paper, the authors apply
a constrained DEM model to predict the effect of pore size
distribution on fracture behaviour. The fourth article shows
that a calibrated DEM bond model can be used to predict
stress-strain relationships and dust formation in a bulk sam-
ple. The authors of the fifth paper show how a DEM model
can be used to predict the abrasive wear of an impeller in
a tumbler. The sixth article analyzes experimental data of
gravel rock particles that can be used to calibrate fracture
models. Finally, in the last paper, the authors use a coupled
peridynamics-contact dynamics model to predict the particle
size and shape distribution in a granular sample.

The articles compiled in this topical issue highlight many
open challenges in this field: The breakage and abrasion
behavior of a granular material depend strongly on the
individual particles’ characteristics and structure. A careful
calibration and model selection are essential to obtain reli-
able predictions from numerical simulations. We hope that
the scientific articles presented in this issue will motivate
scientists working in this field.
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Open Access This article is licensed under a Creative Commons
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source, provide a link to the Creative Commons licence, and indi-
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in this article are included in the article’s Creative Commons licence,
unless indicated otherwise in a credit line to the material. If material
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permitted use, youwill need to obtain permission directly from the copy-
right holder. To view a copy of this licence, visit http://creativecomm
ons.org/licenses/by/4.0/.
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