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A NEW MODEL FOR RECIPROCATING PHASE TRANSITION IN LIQUEFIED
GROUND CONSIDERING FLOATING SOIL PARTICLES

Jun KURIMA, Yoshikazu SHINGAKI, Hiroyuki GOTO and Sumio SAWADA

Soil liquefaction driving large displacements, such as lateral spreading, has been observed in the past
earthquakes and has caused severe damage to buildings and infrastructure facilities. In this study, a phase
transition model between solid and fluid to represent the fluid-like behavior during the liquefaction is pro-
posed on the bases of the three-phase model for saturated soil. The model is formulated by the change in
porosity of the soil skeleton as a function of excess pore pressure, in which increased porosity means a
phase transition to fluid, and a decrease in porosity means a phase transition to solid. A stiffness degradation
due to the phase transition is introduced into the existing elasto-plastic model instead of using the accumu-
lated strains. Numerical simulations of cyclic loading tests show that the proposed model can reproduce
well the stress path, the stress-strain relationship, and evolutions of strain and excess pore pressure. Espe-
cially, the cyclic mobility during the soil liquefaction is naturally explained by the phase transition model.
Simulations of the hypothetical simple ground response show that the proposed model can analyze both the
solid and fluid behaviors and represent their phase transition process. A simulation of the centrifuge test
shows that the proposed model well explains the excess pore pressure and acceleration records. Decrease
in acceleration amplitude observed in the experiments is well reproduced in the simulations. This is because
the phase transition represents the stiffness degradation during the cyclic loading. This suggests that the
phase transition is an important physical process to simulate the liquefaction process.



