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== SYDNEY

PROPOSED PHILOSOPHY

» Energy considerations at micro-scale
- energy scaling (e.g. with grain sizes)
- rate of dissipation via redistribution of strain energy
» Statistical homogenisation
- use of grainsize distribution for averaging strain energy
- simplified grainsize distribution via scalar Breakage

» Use thermodynamics to derive macro-scale
constitutive laws
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equivalence hypothesis
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energy scaling
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Force chains in compacted granular assemblies using DEM:

(left) bi-modal distribution (d,,,,.=10.d;,,), and (right) uniform distribution (by size).
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energy scaling
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Force chains in compacted granular assemblies using DEM:
(left) bi-modal distribution (d,,,,.=10.d.,), and (right) uniform distribution (by size).
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and residual breakage energy
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area linked with Eg*

80 - area reduction linked with dEg*
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connection to established theory
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(a) fracture propagation in tensioned
brittle solids (left: before, right: after)
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(b) fracture propagation in compressed
brittle granular-agglomerates (left: before, right: after) U = normalised surface area

E_= critical breakage energy constant
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compression

Active: dissipation by freeing surface energy

(a) D =E,0B

Passive: redistribution of locked-in strain energy

(b)  Passive: Configurational dissipation (volumetric plastic dissipation) Dv

distortion
Active: plastic dissipation (Coulomb/distortional D, = Mp|é‘f| >0 )

Passive: breakage/abrasion — D, = E,0B
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dissipation, yield, flow, and critical state (15t go)
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effect on crushing strength

Per [MPa]

N .
Ef(l) ~1
i=1

p(D) = pi’ (D)1= B) + pi (D)BY)

30
Q
25 1
)
20
[
= ——theory CPR=16
10 T expCPR=16
] — theory CPR = 45
5 a expCPR=45
Fay
U S T T T T T
0 0.2 0.4 0.6 0.8

Quartz mass-fraction, Fq

yielding pressure against the
(strong) quartz mass fraction

Breakage (calc vs qrtz)

0.8 r

0.6

04 r

02 r

N
W= Yy @) fO1-9"BY)
i=1

N
®, = fYE)5B" =0

i=1

—— Theory- calcaraous
—— Theory- quartz

B Experiments- calcaraous
B Experiments- quartz

£=0.7

0 5 10 15 20 25 30

p'/pe(test) and p'/p.(theory)

breakage evolution in the weak (calcareous) and
strong (quartz) phases , against pressure

12/24



THE UNIVERSITY OF

SYDNEY

Bi-mixture of grains (breakage) and cement (damage)
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Bi-mixture of grains (breakage) and cement (damage)

Parameters® Adamswiller Bentheim Calcarenite
Gg and G, 3200 MPa 7588 MPa 75,500 kPa
K, and K, 20,000 42,000 3470
M 15 17 1.62
Egc 2.6 MPa 3.85 MPa 15 kPa
Epc 1.6 MPa 3.0 MPa 18 kPa
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Bi-mixture of grains (mechanics) and partial saturation (hydro)
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The problem (phenomenologically)

000 |- initial void ratio, e( 16 grain crushing il Breakage at critical state
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[1] Finno-Rechenmacher (2003) [2] Bandini-Coop (2012) [3] Lade-Yamamuru (1996)

The reason (micromechanically)

breakage
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Before (I)
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dissipation, yield, flow, and critical state (2"9 go)
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‘non-unique’ critical state
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‘non-unique’ critical state
Tests by Bandini-Coop (2012):
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» Micro to Macro via energy scaling and redistribution,
and statistical homogenisation

» Breakage mechanics used to get GSD in space and
time

» Porosity is internal variable (not total plastic strain!)
» Clearer link of porosity rate to strain rate
» Introducing relative porosity dependent on GSD

» Predicting critical state, preconsolidation pressure,
yield surface and wetting collapse rather than
Imposing them
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