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Packing fraction

Confinement pressure Pp(z) = P0 + ∫ (ρp - ρf)g⟨Φ⟩(z)dz 
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τ
Pp Pp

Unified rheology: 
(Boyer et al, PRL, 20114)

Viscous number  Iv ≡ 
ηfγ

 μ(Iv) = μs +                + Iv +     ΦcIv
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Dense dry granular 
flow rheology

(GDR MiDi, 2004)

Dilute suspension
flow rheology 

(Einstein, 1905)
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ηeff = 

Iv  

μ    
Effective friction
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Treating soil creep as complex fluid? A dense suspension/submerged granular flow cooled to glassy material? 
Wet

Soil creep
Just like for glassy materials, soil creeping means the system exhibits a slow time evolution/aging/rejuvanation.    Natural sediment is composed of a wide range of particle size, shape and 

compositition and is constantly deformed under shear by gravity and fluid 
flow. As a result, sediment transport presents a large panel of complex 
material behaviors. Understanding the continuity between these different 
regimes is a key for tackling long term term dynamics, made of slow 
continuous creep flow and fast granular flow events1.   
   Soils present 2 major characteristics: 1) they mostly creep, and some 
time avalanche, and 2) they are importantly composed of fine particles, 
which make them cohesive.
Moreover, soils are frequently traversed by porous flows, whose vertical 
component are known for having dramatical impact on soil destabilization. 
However, the effect of horizontal component of porous flow on soil creep 
is very much unknown.
In novel microfluidics experiments, I explore in quasi-2D channels the 
impact of the slope θ (0<θ<θc), the particle sizes d (400→20μm), and 
the - gentle - porous flow intensity Qin and fluid viscosity ηf on the creep 
and avalanche triggering dynamics.

Introduction
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Shear stress
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Experimental investigation of soil creep dynamics under porous flow condition

All images are rotated back to horizontal, and filtered with a particle size 
gaussian window.
Particles' positions are then tracked over 0.5 to several hours via images 
analysis[5], and deformations per elevation are computed locally[3], over 
time. 

In a microfluidics channel made of silicon (PDMS) is filled up with a silicon oil (viscosity ηf = 
4.5 mPa.s) and buoyant plastic particles of diameter d = 400μm.
The channel width is only 600μm (1.5d), to ensure the system to be very quasi-2D. 
After a flat sediment layer is set in the horizontal channel, it is tilted to a slope θ<θc, with θc  
the critical angle of avalanche in dry condition. In our 2D experiments, we observe θc =45o.

For each slope θ, a range of 
vertical porous flow is applied. 
The total fluid flow flux , Qf is 
fixed with a micro-fluidic syringe 
pump, during the whole 
experiment, which lasts 0.5 to 
4h, and range from 0<Qf<Qf,c ; 
Qf,c being the critical total liquid 
flux for fluidisation of the 
granular bed.  

For θ = 25o, and Qf = 7.5μL/min. 

For θ = 25o, and Qf = 2.5μL/min. For θ = 25o, and Qf = 7.5μL/min. 

Discussion - comparison with other studies
Triaxal compression experiment on soil made of silt,over days to a month (Vyalov, 1986).  

Dry granular creep experiment, under controlled small stress fluctuations, Pons et al., PRE, 2015 [6].

Effect of vibration intensity on dry avalanche dynamics and cessation, Gaudel et al., PRE, 2016 [7].


