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Particle breakage and energy evolution of calcareous sands
during shearing process
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Abstract: Particle breakage affects the macro-mechanical properties of calcareous sand and also
changes the mechanism of energy dissipation at the micro-scale. To explore the relationship between
particle breakage and energy evolution of calcareous sand during shearing, PFC*® simulations of shearing
tests of calcareous sand were performed considering particle breakage. The results show that: 1) Parti-
cles continually break during the entire shearing process. With the progress of shearing, the same crushing
requires more input work and the particle crushing makes the shear band disperse. 2) The friction
energy dissipation plays an important role in the whole shearing process. Particle breakage not only
affects the accumulation of strain energy but also influences the distribution of friction energy consump-
tion. 3) The friction energy of calcareous sand with a low crushing rate is mainly produced by particle
rearrangement in the shear band, while the friction dissipation of calcareous sand with a high crushing
rate is more attributed to the movement of sub-particles produced by the breakage. 4) The change of
energy also corresponds to the macroscopic development of stress and strain. With the increase of

breakage dissipation, the strain energy decreases, and the energy of particle transition also decreases,
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which finally leads to the shear response of dense sand changing to that of loose sand.

Key words: calcareous sand; DEM; energy dissipation; particle breakage; shear band
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Fig. 1 Basic schematic diagram of the discrete element model
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by DEM simulations
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