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Particle Size vs. Particle Stress

Triaxial compression
4100 particles

Size range 0.5 – 1.4

Particle size

O
c
ta

h
e
d
ra

l
st

re
ss

,
τ
/p

o

1.210.80.6

3

2

1

0

Coefficient of correlation
Stress ⇔ Size

}

= −0.21



Size Effects in Granular Media

Background

Simulations: Particle size & stress

Particle Size vs. Particle Stress

Triaxial compression
4100 particles

Size range 0.5 – 1.4
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Simulations: Particle size & stress

Individual Particle Stresses

Stresses in 4 individual particles
&

Average of 4096 particles

Compressive strain
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Crushable Particle Tests

Uniaxial compression of an embedded agglomerate
1MPa normal pressure

Size ratio ≈ 10 Size ratio ≈ 3.5
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Experiment description

DEM Tests

DEM tests with a single “submerged” inclusion

80,000 spheres with a narrow size range
+

1 submerged particle of a given size: 4, 6, 8, 10, 12.5, 16
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Mean Stress – Submerged Particle

Submerged Particle Size vs. Its Mean Stress

Size, submerged particle
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Deviator Stress – Submerged Particle

Submerged Particle Size vs. Its Deviator Stress

q = σ11 − σ33

qsubmerged
qmatrix

Size, submerged particle
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Summary

Particle stress decreases with particle size.

In smaller particles, stress varies greatly during loading.

With large submerged particles, the mean stress and
shearing stress decrease with size.

A characteristic length is associated with stress in
submerged particles.



Size Effects in Granular Media

Appendix

Further Reading

Further Reading I
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