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Experimental chute setup and coordinate system
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Derivation of the depth-averaged equations
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Upslope propagating granular bores
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Proposed defence for the Schneefernerhaus, Zugspitze
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Weak, strong and detached oblique shocks



Weak Oblique Shock



Strong Oblique Shock



Detached Oblique Shock
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Granular jets and hydraulic jumps on an inclined plane
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Erosion-deposition waves







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



Lagree, Staron & Popinet 2011



Staron, Lagree & Popinet 2011
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The Bagnold solution 
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The depth-averaged µ(I)-rheology for  granular flows
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Application of depth-averaged theory 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



Theory has the  potential to explain other situations …



… and for segregation-induced fingering instabilities 
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Schematic diagram for the levee formation process
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USGS debris flow flume experiments summer 2009
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Measure velocity and levee emplacement time with 2cm cubes
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Surface velocity in stationary and front centred frames
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A simple kinematic model for 3D velocity field in the moving frame
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Reconstruction of the 3D velocity field 
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Formation of coarse grained lateral levees and finer grained interior
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Large particle tracer stone heights
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4-5 metres from flume mouth
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At the flow front


