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Homogeneous shear flow of rigid particles
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Local rheology
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Rheologies of amorphous materials 
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Rheology of dense granular suspensions

Boyer et al., PRL 107, 188301 (2011).

J =
⌘f �̇

P (Iv ⌘ J)



Transition from viscous to inertial regime

K = J + ↵I2
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Brownian particles
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Rheology
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Athermal analogue

Brito & Wyart EPL 76, 149 (2006).

Effective potential
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Phenomenological cut-off length
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Beyond the local rheology

Non-local effects

Spatial relaxation length

Non-local constitutive relations

Order parameter:  fluidity

Reddy et al., PRL 106, 

108301 (2011).
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DEM numerical simulations
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Non-Local flowing effects
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Numerical set-up



Can one create a solid/liquid interface?
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Relaxation length (2)
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Fluidity
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d2r2f

f

Order parameter:  fluidity
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Non-local rheology
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Relaxation length (3)
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Some other approaches

Phase field

Mechanically activated plastic events

Kinetic elasto-plastic
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Choice for fluidity

Continuity and boundary conditions

Assumptions and mechanisms



Non-linear non-local function

⌫ ' 8At linear order with�() = ⌫+O(2)



Rigid vs soft particles
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Rigid vs soft particles �̇/�̇
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