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In the last two or three decades, there has been consecutive interest in numerical simulation of damage
caused by slope disaster such as landslides and mudslides triggered by earthquakes. It is, however, difficult
to represent the collapse and subsequent sediment flow that are transitioned from the elasto-plastic and/or
damage behavior of soil. To predict such a transitional behavior between solid and fluid states of soil, a
single constitutive model for either solid or fluid is inappropriate and multiple models representing individual
states should be properly combined. To tackle this issue, we explore the novel constitutive model capable
of representing the transition between solid and fluid states and discuss its applicability to the analysis
of sediment flow induced by earthquakes using an elaborate terrain model. The model is formulated by
the combined use of the Jaumann velocity-based hypoelastic-plasitc constitutive law of Dunatunga et al.
which is equipped with the u — I rheological model for granular flow proposed by Jop et al, and the standard
Newtonean viscous model, and is implemented into the material point method (MPM). The resulting analysis
tool has a capability to simulate collapse of soil structures and a sediment flow stemming from and ceasing
at sedimented states. After the basic performance of the proposed constitutive model is validated, several
numerical examples are presented to demonstrate the capability in reproducing the transitional behavior
from/to the sedimented state to/from the sediment flow. Also, to clarify the mechanism of sediment flow
under the influence of seismic force and predict the subsequent sedimented state, we conduct a simulation
of the landslide in the grounds of the Ebisu Circuit, which was caused by the Fukushima earthquake on
February 13, 2021 using an actual terrain model with the detailed 0.5 meter topography data.

Key Words : MPM, Elasto-plasticity, Sediment flow, Landslide, Transition between solid and fluid,
Actual terrain model
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2. MPM(Material Point Method)
(1) MPM D%

MPM(Material Point Method) (%, Sulsky & [1]iZ X -
TRES N EREGRET O D DR FIETDH 5.
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E(MPa) v ps(kg/m?®)  ¢,(°) &:(°) c(kPa) Iy ua ne(Pa-s)

modell(Base layer) 1.00 0.30 1890 57.3 534 2805 0.01 075 20 100
modell(Weak layer) 5.69 0.30 1767 39.5  36.3 1.45 0.10  0.96 20 100
modell (Surface layer) 8.35 0.30 3000 0.0 28.4 1073 0.01 0.75 20 100
model2(Base layer) 100 0.30 3000 534 534 300 0.10 0.75 100 100
model2(Clay layer) 4.00 0.40 2738 3.0 25.0 50.0 0.279 0.75 100 100

Accumulated plastic strain
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