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Development of a submerged/floating flood shelter with a super-elastic-mooring
system
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We investigated hydraulic and motion performance of a submerged/floating
shelter with a super-elastic-mooring system as space to protect people from tsunami attack and
floating debris in experimental and numerical works. The results showed that the trapezoidal and
streamline tsunami shelter types can reduce fluid pressure and shelter motions such as surge, sway
and heave, especially in high Froude number cases. We found that the impact pressure acting on the
shelter caused by floating debris such as ship and house models can be reduced by an elastic mooring

system, leading to the resultant motions of the shelter being relatively smaller and quasi-steady
state. In addition, we developed a particle based model coupling with Smoothed Particle
Hydrodynamics (SPH), Discrete Element Method (DEM) and Extended DEM (EDEM) with some improvements to
compute fluid structure interaction among flood flow, floating debris and a flood shelter with an
elastic mooring.
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Fig.1 Overview of a proposed tsunami Shelter
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Fig.2 Shelter models and experimental set up
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Fig.3 Comparison of fluid force on shelters
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Fig.4 CFD
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Fig.4 Streamline around the streamline shélterr
caused by uniform flow.
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Fig.5 4-points and 6-points mooring system for a
proposed tsunami shelter.
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Fig. 6 Comparison of motions of tsunami shelter
supported by different number of mooring
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Fig.8 Snapshots of fluid structural interaction
between flow and floating debris colliding with a
flow shelter with a six-point elastic mooring in a
run-up flow. (Upper: House model case, Lower:
Ship model case)
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Fig.9 Comparison of impact pressures on shelters
caused by floating debris in fixed and moored
Cases.
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(b) Mooring case
Fig.10 Comparison of time history of impact
pressure caused by collision with house model.
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Fig.11 Overview of double hull structure
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