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Granular / Multiphase Flow Observed in Civil Engineering Fields
(with an Emphasis on Solid/Fluid Phase Transition)

BoE B &
MATSUSHIMA Takashi

Abstract

The present article overviews some granular/multiphase flows observed in civil

engineering fields and discusses their grain-scale mechanics. In particular, solid/fluid phase
transition behaviors are highlighted to characterize the mechanics of granular materials. In
liquefaction phenomena, uni-directional shear causes solidification of the system, while cyclic
shear leads to liquefaction. This behavior can be understood as an induced anisotropy of granular
packing structure. In rapid flows, kinetic stress increases with increasing shear rate, which may
result in drastic reduction of shear resistance of the flow. Emphasis is also put on the significance
of the analysis of long-term geological formation whose micro-mechanism is governed by the
grain/fluid interaction during erosion, transformation and sedimentation process.
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Fig.1

Bearing capacity of footing under

plane-strain condition (whole field) [25].
B
Fig.2 Typical slip-line field in bearing capacity

Fig. 3

of footing.

P AN L D R R

Bearing capacity of footing under
plane-strain condition (close-up) [25].

Fig. 4
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2-D Discrete Element simulation of
simple shear test. Red lines indicate
inter-granular forces.
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Fig.5 A house tilted due to liquefaction of the
supporting ground (Jiji earthquake,
Taiwan, 1999).
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Fig.6 Small-scale experiment of
liquefaction-induced flow (top: before
shake. bottom: after shake).
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Fig.7 Debris flow in Dozo river (Iwate-Miyagi

carthquake, 2008).
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Fig.8 Granular flow simulation. Slope angle is
45 degrees. Periodic boundary is adopted

in both sides.[43]
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