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Granular solid-fluid phase transition in depth-averaged framework
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Use shallow water avalanche model … 



Pouliquen & Forterre (2002)



Travelling-wave solutions in the absence of viscosity





The µ(I)-rheology for liquid-like granular flows



10

The Bagnold solution 
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The depth-averaged µ(I)-rheology for  granular flows
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Well-posed and ill-posed behaviour of the  µ(I)-rheology 
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Application to granular roll-waves
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Measurements of the spatial growth rate of granular roll-waves

Inviscid theory



Exact travelling wave solutions for roll waves



Exact travelling wave solutions for erosion-deposition  waves



Exact travelling wave solutions for erosion-deposition  waves
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Complex coarsening dynamics is qualitatively reproduced



The depth-averaged µ(I)-rheology also plays critical role in fingering instabilities 
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Schematic diagram for the levee formation process
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Inviscid avalanche model for segregation-mobility induced fingers
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Numerical solutions are grid dependent …!
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A two-dimensional fully coupled model including rheology
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Important for geophysical mass flows which 

often form levees which enhance run-out! 


