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Crushing-Induced Compaction and Settlement
Depletion-Induced Subsidence
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Delayed Crushing and Moisture Effects
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Delayed Crushing and Moisture Effects

Black-Box Modeling Microstr;\:c;ur;g-Inspired
odeling
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6rain Breakage in Partially Saturated Granular Systems
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Missing Elements: Grain Size Effects and Fluid Adsorption
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6rain Size and Crushing: From Micro to Macro
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6rain Size and Crushing: From Micro to Macro

Contact Models F A Epc
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6rain Size and Crushing: From Micro to Macro

Contact Models F A Epc
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6rain Size and Crushing: From Micro to Macro

Failure Models
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6rain Size and Crushing: From Micro to Macro

Failure Models
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6rain Size and Crushing: From Micro to Macro

Grain Scale
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Time Dependent Grain Fracture
Subcritical Crack Growth
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Time Dependent Grain Fracture

Thermodynamics of Crack Growth
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Time Dependent Grain Fracture

Thermodynamics of Crack Growth
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Time Dependent Grain Fracture
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Continuum Description of Crushing-Induced Creep

p(MPa)
0 1 2 3 4 5 6
0.00 T — T 1 — T I B
(a) B=1e-2 (1/s
0.05 |
\\ \

: , W
Strain-Rate | \ n—';\
Dependence ‘ \ \

£,0.0002/s \ '\ \
0-20 _ _ ;00025 \\\y ’
L . \
oo & 0,02/ \ ‘\
0.25L : A i

0.05

~ 010}

(_

015+

0.20

o

N

(8]
T

- (c) B=1e-2 (1/s)
0251

0.15

B=1

(d) n

e-2 (1/s)

B =1e-5(1/s)

NORTHWESTERN
UNIVERSITY



Conclusions

The incorporation of measurable micro-scale features and basic physical
arguments can augment HM continuum models for granular soils/rocks.

Energy scalings inspired by an analogy between grain fracture and sample
comminution can inspire relations between yielding pressure and fracture
properties (6;.=2y) and particle size.

comminution suggests a non-homogeneous dissipation form useful to model
creep, relaxation and rate-dependent breakage.

Concepts from the physics of fluid adsorption into solids can be inserted
info continuum models to explain the dependence of the crushing strength

l Thermodynamic analogies between subcritical crack growth in grains and
I of particulate continua on the reactivity of the environment.
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