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MOTIVATION
PARADOX OF SHEAR HEATING IN EARTHQUAKE PHYSICS

» This project originates from an
attempt to quantify shear heating
in earthquake fault gouges.

> ‘Paradox’ = anomaly of measured
real heat produced vs production
expected by Coulomb friction.
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THERMAL DEM
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TIMES & DIMENSIONLESS GROUPS

Shear time: t = }}_1

Inertial time: t, = \/m /(O,,d)

Collision time: [, = \/m /(Ed)

a 87; _ _ aks (T. (l‘) _ T) Thermal time:
Sy ot mc t 8 . me
I —
e Tl-(t)=Tj—(Tj-To)eXp(—a : ) " ak,
mc B
Inertial number: I = [ /fs
Deformation number: K = /7, /tl.

Thermal number: T = trh /l‘l.
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SIGNIFICANCE OF DRY GRANULAR CONVECTION

Earthquakes 103 0—10" 1-10°
Landslides 106 0—102 10-'—104
Present study 103 10-3—10"" 102—105
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SOURCE OF DRY GRANULAR CONVECTION

time

conductivity

diameter,
specific heat,
mean stress
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STADIUM SHEAR DEVICE

Motor & Gear Spring & Roller
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STADIUM SHEAR DEVICE
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STADIUM SHEAR DEVICE

mean velocities and strain rates

V. (em/s)
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STADIUM SHEAR DEVICE

circulation-based vortex detection
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STADIUM SHEAR DEVICE

vortex lifetime
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STADIUM SHEAR DEVICE

vortex size
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EDDY VISCOSITY

Bagnold’s scaling at steady flow suggests: 7 = pd’ f (¢)y’

which does not hold here since equilibrium requires 7 = constant.

Include eddy viscosity:

T= p(d2 +a*(H _‘y‘)2)f1(¢)y2

and solve for the shear strain rate

a Vbelt

YO = i @H T d)

Miller-Rognon-Metzger-Einav, PRL 2013
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GRANULAR BOUNDARY LAYER
DEM SIMULATIONS
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TRACER METHOD — MOLECULAR DIFFUSIVITY

turn into (T ) if crossing this boundary, -
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TRACER METHOD — ‘FIXED VORTICES’
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TRACER METHOD — ‘TRANSIENT VORTICES’
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TRACER METHOD — EFFECTIVE DIFFUSIVITY
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PROSPECT IN GEOPHYSICS = MAXIMUM TEMPERATURE

Fault Zone Structure .
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PROSPECT IN EXPERIMENTAL GEOMECHANICS
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CONCLUSIONS

1. Turbulence in granular media opens new
questions In geomechanics.

3. This has many implications, including in
earthquakes, which may affect predictions and
onset of activation processes

turbulence in geomechanics



