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R e Particle morphology extraction by X-ray micro-tomography
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Sphericity Convexity
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It is found that the 1-20 PCs are mainly for
general form (GF), 31-73 PCs for local
roundness (LR).
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The morphological gene mutation
that adds variance to particle
morphology at different length
scales can be readily implemented

Spherical harmonic analysis

r(0,90) = Xn—oXm=—nCn' Y7 (0,9), (1)
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rre,9) =[SO pcosgyemion, (2
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Any particle within the given sample can be
expressed as:

(5)
ug and E,% reflect the average particle surface

and the overall variation from the average one
for a given sample

(CP)T = ug + ogy,
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DEM modelling technique with morphological gene mutation (a) LR-GM y. = 0 (b) real volume
distribution (c) LR-GM y. = 1.5 (d) rigid servo-wall (e) membrane servo-wall



Concluding remarks:

In this study, the X-ray uCT, SH-PCA and DEM were incorporated to generate
morphological gene-mutated virtual samples at different length scales. The obtained 27 DEM
samples were categorized into three groups, and the effects of particle morphology at different
length scales on the stress-strain and energy storage/dissipation behaviours are carefully
investigated. The main contributions and findings of this study are summarized as follow:

(1) The comparison of the simulation results from RDPS and RLPS indicates that the
effects of particle morphology on the stress-strain, volumetric strain and energy
storage/dissipation responses are more pronounced for looser samples than for denser samples.
Among different length scales, the particle morphological features at LR-level outperforms
those at GF-level in dictating the initial stiffness, peak state stress ratio, volumetric strain and
frictional energy dissipation behaviours.

(2) The frictional energy dissipation curves are consistent with the corresponding stress
ratio curves for both RDPS and RLPS, reflecting the significant role of interparticle friction in
dissipating the input boundary work throughout the majority of the shearing process. Besides,
the peak incremental frictional energy dissipation is a result of the competition between
particle morphology and initial void ratio. It is found that the incremental frictional energy
dissipation increases with decreasing roundness while shows an increasing trend with
increasing initial void ratio at small initial void ratios but an opposite trend at larger initial
void ratios.
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