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ABSTRACT

In the work at hand, we present a new approach, based on continuum mechanical considerations, to
directly predict the properties of bonds in a discrete element simulation.

The bonded-particle method (BPM) has been developed as an extension of the discrete element method
(DEM) for modeling of granular materials. In the BPM (or bonded DEM) the material is represented as
a set of discrete primary particles connected by solid or liquid bonds. In recent years, the method has
been widely applied to model different types of materials [1, 2]. Generally, the BPM consists of three
main subparts: First, the structural model to represent the internal structure of the material, second, the
functional model to describe interparticle interactions as well as to describe forces and moments acting
in bonds, and third, sets of adjustable model parameters.

The structural model in the BPM can be generated based on experimentally obtained data about the
internal structure or the shape of the sample [1, 3]. In contrast, the mechanical properties of the bonds
must be calibrated to represent the macroscopic behavior of the agglomerate. This is mostly done by
simulating uni-axial compression tests in a ”trial and error” scheme. Especially in the case of complex
structured models with different bonds, the calibration is a costly process.

To simplify the time-consuming step, we combine methods and models from continuum mechanics and
granular material mechanics to directly estimate the macroscopic impact of the bonds. The approach is
based on classical stiffness matrices for the bonds and the Love-Webber formula for local stresses. By
these means, we can accurately predict the behavior of the bonds in an agglomerate with a fraction of the
computational efforts compared to a DEM simulation. This approach was successfully tested and used
for materials like concrete, aerogels, and wood pellets.

REFERENCES

[1] S. Kozhar, M. Dosta, S. Antonyuk, S. Heinrich, L. Gilson, U. Brckel, DEM simulations of amor-
phous irregular shaped micrometer-sized titania agglomerates at compression, Adv. Powder Techn,
Vol. 26, pp. 77–777, (2015).

[2] M. Dosta, S. Dale, S. Antonyuk, C.R. Wassgren, S. Heinrich, J.D. Litster, Numerical and experi-
mental analysis of influence of granule microstructure on its compression breakage, Powder Tech-
nology, Vol. 299, pp. 87–97, (2016).

[3] A. Spettl, S. Bachstein, M. Dosta, M. Goslinska, S. Heinrich, V. Schmidt, Bonded-particle extrac-
tion and stochastic modeling of internal agglomerate structures, Adv. Powder Techn, Vol. 27, pp.
1761–1774, (2016).


