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Geomaterial-Fluid Interactions

A Soil/Paste Flow
i Bowman : Dry avalanche
i Patel : Paste flow
i Wilson : Wall Slip, Fractures in paste
i Sukumaran : Hopper flow

A Multiphase problem, Capillary pressure
i Lu: Unsaturated soils
i Sharma: Unsaturated soils
i Jiang : Unsaturated soils
i Klar : Methane Hydrate Extraction
A Slow Fluid Flow
I Hueckel: Chemo-Mechanical Coupling
i Santamarina: Transport in AC flow
A Fast Fluid Flow, High Fluid Pressure
I Zeghal : Liquefaction
i Ng : Fluid Induced Landslides 1
i Bolton : Fluid Induced Landslides 2
i Valdes : Clogging
I Soga : Fast fluid injection



Dry Soil Flow

A What are the important parameters that
govern the movement of flowing soils?

| Particle gradation
| Particle size

I Flowing density

I Particle shape
|

|

|

I Particle fragmentation
I Abllity to segregate
I Confinement
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Capillary Effect
A Macroscopic stress state variables (s T p,), (P4~ Py);
A Bi s h opatametersé s pf) + c(p,- py)

A Can micro-modelling people comment on the choice of
state variables for unsaturated soils? What are the
microscopic assumptions that will lead to these state
variables used for unsaturated soils?

A Are we happy incorporating particle level contact forces
INto macroscopic stress state variables by
homogenisation/averaging process?

A How can Molecular Dynamics help understand
unsaturated soils better.
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Macroscopic

velocity of flow

2

4

Hydraulic gradient

1. No flow zone i The particle surface forces counter-balance the pressure
gradient of the flow.

2. Non-Darcy prelinear laminar zone (Pre-Darcy flow)

- The interaction of the strong negative charge on surface of clay particles
with the dipolar nature of water molecules.

- The non-Newtonian behaviour of fluid and the fact that the streaming
potential generated by the flow can produce small counter-currents along
the pore walls in a direction opposite to that of the main flow.



Slow Flow

A How does the fluid move microscopically
In fine grained soils?
I Outside and inside peds
I Permeability
I Chemical transport
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Fast Fluid Injection

Kenichi Soga



Truly Darcian

Macroscopic v=Ki

velocity of flow

Hydraulic gradient

4. Non-Darcy post-linear laminar zone (Forchheimer flow) i The
increasing inertial force due to the convective accelerations and
decelerations of the fluid particles in passing through the pore spaces
contributes to the occurrence of the non-Darcy flow. The mode of flow is still
laminar according to the definition of classical fluid dynamics.

5. Non-Darcy post-linear turbulent zone (Turbulent flow) T Large amount
of applied hydraulic gradient is used to overcome the inertial force, and
hence the velocity of flow is believed to approach an asymptote value.



High fluid velocity or pressure will
move soll particles

A Clogging

A Fracture

A Grout Injection
A Sand boils

A Erosion

A Slope Failure



Fluid Injection

Water Injection Laponite injection (Slightly more
viscous than water)

Normally consolidated clay



Normally consolidated clay
Epoxy

Vertical fractures

Side view



