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We introduce the state-of-the-art technique of parallel computing for particle simulation method with short-range
interactions. This technique can be useful for high performance computing of both particle methods of SPH and DEM.
To take advantage of the computational performance, our multi-phase (soil-water—structure) flow simulation method
has been developed by using the SPH and DEM. The SPH-DEM coupled simulation can be applied to many scientific
and engineering problems for the soil dynamics with the transition between continua and discontinua associated with a
free-surface fluid flow. Here, some tsunami disaster problems are solved by the large-scale SPH-DEM coupled
simulation using our parallel computing method, which are including a ground liquefaction, soil erosion, tsunami

sediment transport, and breakwater collapse.
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Fig. 1 Large-scale DEM simulation using 2.4 billion particles
for accretionary prism formation.
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Fig. 2 Domain decomposition on 2-d slice grid method.
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Fig. 3 Soil erosion and breakwater collapse by tsunami flow.
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Table 1. Computer performance

K-computer (K) Earth Simulator (ES)
Peak performance 128 GFLOPS 256 GFLOPS
Memory size 16 GB 64 GB
Memory bandwidth 64 GB/s 256 GB/s
Interconnect 5GB/sx2 4GB/sx2
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Fig. 4 Strong-scaling performance in arithmetic part.
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Fig. 5 Strong-scaling performance in communication part.
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Fig. 6 Dambreak system to validate the wave force acting on the
structure in numerical method.
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Fig. 7 Water pressure acting on each point on the surface of
structure obtained by the simulation and experiment.
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Fig. 8 Cross section of the permeability test model for the
SPH-DEM simulation.
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Fig. 9 Relationship between the water flow velocity and
water-level difference.
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Fig. 10 SPH-DEM simulation for tsunami sediment transport.
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Fig. 11 SPH-DEM simulation for boiling phenomena in coast.
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