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Development of Numerical Simulation Method for the Ground Flow
Caused by Seismic Liquefaction

by Satoshi TAMATE*

Abstract: The ground flow induced by seismic liquefaction is known to cause significant damage to
lifeline networks and structures. The ground flow is not only caused by the dynamic forces induced
by seismic acceleration but also by the static gravity force induced by the topography of the ground.
Ground flow may sometimes continue after the seismic loading and finally the ground is significantly
deformed and fails. Although the ground surface may keep its shape after an earthquake, differential
movement inside tends to occur. However, this phenomenon has been researched only recently, and
its mechanism is not well understood. ‘

There have not been many reports of disasters induced by liquefaction in construction sites.
However, as the construction works in such a deep excavation generally take a long period, tempo-
rary structures in those sites may be affected by the ground flow induced by seismic liquefaction.
Therefore, both effects and safety against earthquake must be taken into account. A numerical sim-
ulation method which can predict the magnitude and direction of ground movement with reasonable
accuracy is needed to prevent disasters.

This paper investigates by finite element simulation the ground flow that could occur when soil
liquefaction continues for a sufficiently long period. It is considered that liquefied soil behaves like a
viscous liquid, and hence, ground flow is governed by the minimum energy principle. In the calcula-
tion, liquefied sand is assumed to be a viscous liquid that deforms in the undrained condition and
whose volume remains constant. To consider the geometric non-linearity due to the large deforma-
tions caused by ground flow, the updated Lagrangian method is used to calculate the equation of
motion. To calculate the time history of the ground motion, the Newmark method is used. Finally,
a simulation using this calculation method shows that the proposed method gives reasonable results
for the conditions indicated. ;

Keywords; Deformation, Earthquake, Liquefaction, Ground flow, Finite Element Analysis, Time-
history analysis, Geometric non-linearity
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