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Analytical Study on the Variation of Wave Force Acting on a Seawall Due to the Increase of Overall
Fluid Density of Tsunami
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The “black tsunami” phenomenon was observed during the 2011 Tohoku tsunami, which was caused by a normal
tsunami carrying silt or sand around the seabed. When the tsunami mixes with the sand or silt, its density increases.
This phenomenon raises concerns that such kind a tsunami may exert a larger force on the structure like seawall or
breakwaters compared to a normal tsunami impact. However, based on previous experimental research, the results
vary. In this study, we employed numerical simulation to establish a relationship between the density increment and
force increment. Firstly, we validated the analytical model by comparing its results with experiment data.
Subsequently, we discovered that the force increment generally ranges from 0.85 to 1.25 times the density increment
of the tsunami.
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