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Multiphysics - A new name to an old
concept.  physics
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Plasticity Theory: ConS|stency VS
Overstress
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Even if the function f is not known, If it is sufficiently
smooth we can expand it around the right limit of the yield

surface in a Taylor series:
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Consistency Plasticity
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Overstress Plasticity
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Equations  overstress plasticity: Towards a
unified THMC approach

I Fluid-saturated rock

I Coaxial Elasto-visco-plasticity,
deviatoric and volumetric
components
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I Fluid-saturated rock

I Coaxial Elasto-visco-plasticity,
deviatoric and volumetric

components

I Mechanical (Shear) heating

I Endothermic fluid release

reaction producing excess pore

pressure
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I Porosity and permeability linked
with Kozeny-Carman law
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System of equations 0 Redback
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Triaxial experiments in soft rocks
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Diagenesis  (pore collapse) in sandstone

Isotropic consolidation of saturated
Bleurwiller—=~""sandsione oo
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Drained consolidation of diatomaceous
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Matching the experiments
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Analysis
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Equations and assumptions in

multiphysics plasticity q
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Equations and assumptions in
multiphysics plasticity Required, but
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Bifurcation analysis

Bifurcation analysis aims on answering the following 3
guestions:

1. What is the orientation of localized band(s)?

2. When does localization begin?

3. Where does localization begin?

- Shear bands in perlite, Milos island Greece
~ Photo courtesy of I. Vardoulakis




Bifurcation in Thermo-mechanical systems
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Thermo - mechanics: Equations
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Thermo - mechanics: Steady state analysis
(fixed points)
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Normalising the equations is essential!!




Thermo - mechanics: Steady state analysis
(fixed points)
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Momentum balance: 1=0
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Orientation of the potential
localisation patterns
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Thermo - mechanics:  Bifurcation analysis
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Thermo - mechanics:

Plastic Strain Rate

Bifurcation analysis
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Spatial representation of localisation
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Classical approach 0 different material
properties required

classical linear stability studies ... have some drawbacks!

e.g. Smith (1977): “solid mechanical” (plastic) materials

boudinage folding n = stress exponent

m: matrix, L: layer
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Folding and

attractor!

(a)

boudinage

(b)

0.09 T
0.08

0.07 -i‘
oos (i)

0.05 -

0.04

bulk strain

0.03 +

0.02 -

0.01

0.00 1

e foldng  (b)
® boudinage ()

100 150 200 250 300
Gruntfest number

as the same energy




(b)

600 | I I I I | | I 600 T T T T T T T T

—
Q)
~—

critical Gruntfest number Gr.

critical Gruntfest number Gr.

500

400

300

100 ~ 100 2

o o9 80— 8
R e e i }

0 1 | 1 1 1 | 1 1 0 1 1 1 1 1 1 | 1
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
e folding
stress exponent n ® boudinage stress exponent n
Figure y Parametric study of the influence of thermo-mechanical properties and the stress exponent n on the modified

Gruntfest number Gr. For all studies, the matrix obeys a linear rheology. (a) Evolution of Gr for changing ratios of Young’s moduli
E; constant Ar = 8. (b) Evolution of Gr for varying ratios of the Arrhenius number Ar; constant E,,qtriz/ Eiayer = 0.8. For (a)
and (b) we find that Gr follows a folded instability curve. The value of Gr. is almost identical for any non-linear rheology of the
central layer. The energy bifurcation threshold is therefore a fixed value for any non-linear layer rheology. For thermo-mechanical

parameters refer to Table 1la.



Bifurcation in THMC systems:
A Homoclinic bifurcation




Remember the constitutive law
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Retrieving information for the rheology Vi’ = —= {1 -

Deviatoric stress (MPa)
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Modelling Physics + Chemistry

of active faults <

Part 1. Analytical Solution
-Multiple Steady States
-Asymptotic Solutions

Part 2. Transient Solutions
Spectral FE code SUCCoMBE

Part 3. Transition to Chaos
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Journal of Geophysical Research: Solid Earth

RESEARCHARTICLE  Thermo-poro-mechanics of chemically active creeping faults:
10-1002/2014J50T1004 3. The role of serpentinite in episodic tremor and slip
This is a companion paper sequences, and transition to chaos

to Alevizos et al. [2014],
doi:10.1002/2013J8010070, T. Poulet’, E. Veveakis'2, K. Regenauer-Lieb'3, and D. A. Yuen*>




Ingredients of the model

YA -V Basic physical mechanisms

e B A. Creeping shear post
< Solid skeleton :
| failure

® (Occluded porosity
@ Connected porosity

L " B. Shear Heating in creepin
chemical process zone

C.Chemical reaction/

decomposition of the
skeleton (excess pore
pressure and chemical
softening/hardening)

D. Reverse chemical reactio




The mathematical system

A Normalised and reduced system of equations

t=t,(t), s'=s'(t)
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The mathematical system

A Normalised and reduced system of equations
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Systemos stability

A Stable creep

creep
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Phase diagrams

Pore pressure

Core temperature

. Stable creep
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Spatial distributions

A Directly observable in the field
A Mechanical localisation: activation energy
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Part Ill: Applications

Fault Mechanics
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A carbonate decomposition o
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The Glarus Thrust, Switzerland
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The Glarus thrust 0 cyclicity
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A Glarus pattern

Strain rate (£/€)
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ACalcite as a cause (inverting activation enthalpy from thickness)
ASource of fluid explained (in-situ carbonate decomposition)




Large scale modelling

Cascadia earthquake sources

"

e Deep
Sul -, earthquakes
earthquakes (1700) (1948, 1965,
2001)

Source Affected area  Max. Size Recurrence
Subduction Zone W.WA, OR, CA M9 500-600 yr
Deep Juan de Fuca plate W.WA, OR, M 7+ 30-50 yr

Crustal faults WA, OR, CA M 7+ Hundreds of yr?
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