
An improved solid-liquid coupled material point method
for simulation of ground collapse with fluidization

Kenjiro Terada∗, Yuya Yamaguchi∗, Shuji Moriguchi∗ and Shinsuke Takase†

∗ Tohoku University
Sendai, Miyagi, Japan.

web page: http://www.cae.civil.tohoku.ac.jp/en/

†Hachinohe Institute of Technology
Hachinohe, Aomori, Japan.

ABSTRACT

An improved version of the solid-liquid coupled material point method (MPM) [1,2] is developed
with the aim to simulate ground collapse, which might be caused by heavy rainfall and involves a
transition process from a solidus to liquidus behavior of saturated soil, namely fluidization. The
governing equations are formulated based on the two-phase mixture theory and discretized with
two layers of Lagrangian material points, each of which possesses the information about the soil
and water separately. The material behavior of the solid phase is represented by elasto-plastic
model with the Drucker-Prager yield condition, whereas the water is assumed to be a Newtonean
fluid. In order to suppress the numerical instability caused by the so-called cell-crossing error
and improve the efficiency in computations, we add refinements of some existing discretization
schemes for the governing equations of the solid-liquid mixture. For the time discretization,
the fractional step projection method [3] is employed on the assumption of incompressibility
of liquids to realize high accuracy and low computational costs. For the spatial discretization,
we employ B-spline basis functions [4], which are supposed to suppress numerical oscillations
induced by material points crossing grid lines. During these refinements, the advantage of
MPM that is suitable for parallel computing need not be lost thanks to the standard domain
decomposition technique. The proposed method is applied to simulate a model experiment of
wave collision to sandpile to demonstrate the capability of the proposed method in dealing with
scouring and transportation of the soil caused by water flow.
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