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A COLLAPSE SIMULATION BASED ON SPH-DEM COUPLING METHOD
FOR THE HYAKKEN MASONRY STONE WALL IN THE KUMAMOTO CASTLE
DAMEGED DURING THE 2016 KUMAMOTO EARTHQUAKE

Masaya SHINOZAKI, Rikuto KUWAHARA, Ryuichi IBUKI, Daichi ISHIKAWA,
Yusuke ONO, Hisakazu SAKAI, Iwao SUETOMI,
Yasuhiro FUKUSHIMA and Takao HASHIMOTO

Althoght, stone masonry retaining walls are vulnerable structures damaged frequently during severe
earthquakes, the estimations of the seismic stability and the large deformation have not been estab-
lished yet as well as the those of their reinforced structures.

In this study, we conducted large deformation simulation for the Hyakken stone wall severe damaged
during the 2016 Kumamoto earthquake. The earthquake response simulation is based on the SPH-
DEM coupling method: soils are modeled by the SPH and masonry stones by the DEM particles. The
imaginary particle methodology proposed by Ibuki was introduced into the program code in order to
calculate adequately the friction between DEM elements. The stable method with artificial viscus
damping was also implimented and the modified effective radius was used for obtaining the adquate
numerical solutions.

As the results, the numerical simulation coinsident well to the pracitical damage, regarding with the
time and quarity of the deformation as follows:

The stone masonry wall was bulged out at the middle height of the wall during the foreshock and col-
lapsed during the mainshock. In spite that the number of the uncollapsed stone were understimated,
the residual deformation of the wall was good agreement with the practical damaged one.



