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(the role of disorder, friction, adhesion, ...)
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Applications

Surface

- Seismology

- Oil exploration

Soil investigations
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Force-chains
experiments - simulations
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Codalike Multiple Scattering of ElasticWaves in
Dense Granular Media
X. Jia, PRL, 2004
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Self-demodulation acoustic signatures for nonlinear
propagation in glass beads
V. Tournat et a/, C.R.Mecanique, 2002
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Discrete particle model
- Equations of motion
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Bi-axial box geometry

compression

Simulation results (closer look)
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i-axial box (stress chains)
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i-axial box (kinetic energy)




Bi-axial box (rotations)

Bi-axial compression with p,=const.
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Modulus and yield stress cohesion
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. Cohesion — no friction
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Bi-axial: p,=200 — varying friction
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Friction — no cohesion
k,=0and u=0.5

Internal friction angle ¢ =27

Total friction angle ¢ =31




Micro-macro for friction
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3D Yield Contour in the Deviatoric Plane
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Comparison:
Collapse contour for
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Sound

Compressive (P) and Shear (S) waves
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P-wave animation

Compressive (P)-wave
Influence of “"micro” properties
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How relevant is the damping coefficient in our model ?




Wave speed from the stiffness tensor
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Modes Micro-Parameters Structure
e P-waves » Damping » Mono-disperse
» S-waves  Friction (Rotations) « Poly-disperse
» R-waves » Adhesion » Disordered

Contact laws ...




Velocities
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Weak polydispersity

6 =a/1000

"“ Aa = 8/2, 6 and 28

- The system is practically unchanged at the structure level

- Wide distribution of weak and strong contacts
and most important opening of contacts




P-wave animation

P-wave animation




Velocities
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Signal Analysis

time-FFT
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Dispersion relations
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Frequency analysis
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Frequency in kHz

Larger system
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Shear wave
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60

P-wave with friction
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Hertz Law
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Dispersion relations /

from eigenvalue calc.
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Eigenmodes
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Question

How does sound propagation depend on
- structure?
Lattice+tiny disorder => enormous effect

Question

How does sound propagation depend on
- structure?

Lattice+tiny disorder => enormous effect
- adhesion?

- friction?




