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Numerical Simulation of Nearshore Tsunami
Using a Digital Wave Tank Simulation Technique
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ABSTRACT: A Digital Wave Tank simulation technique based on a finite-difference method and a modified marker-and-cell (MAC)
algorithm is applied to investigate the characteristics of nonlinear Tsunami propagations and their interactions with a 2D sloping beach and
Ohkushiri island, and to predict maximum wave run-up around the island. The Navier-Stokes (NS) and continuity equation are governed in
the computational domain and the boundary values updated at each time step by a finite-difference time-marching scheme in the frame of
rectangular coordinate system. The fully nonlinear kinematic free-surface condition is satisfied by the modified marker-density function
technique. The Nearshore Tsunami is assumed to be a solitary wave and generated from the numerical wavemaker in the developed Digital
Wave Tank. The simulation results are compared with the experiments and other numerical methods based on the shallow-water wave theory.
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Table 1. The major Tsunamis since 1900.
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year Name of the Tsunami Striken Area &%ﬁg
1902 EHl salvador earthquake|  Central America 185
1906 Chile offshore earthquake Chile 3,760
1922 Chile offshore earthquake Chile 1,000
1933 Showa sanriku earthquake Japan 3,064
1940 Peru offshore earthquake Peru 250
1944| Showa south Nankai earthquake Japan 1,223
1946 Showa nankai earthquake Japan 1,223
1946 Aleutian Islands(Alaska) Hilo(Hawaii) 173
. Chile/Hawaii
1960 Chile offshore earthquake /Japan 5,700
1964 Alaska earthquake Alaska 131
198 The Philippines earthquake|  The Phillippines 207
1974 Peru offshore earthquake Peru 78
1976 Mindanao Island|  The Phillippines 8000
1983| the middle of East Sea earthquake Japan 100
1991 Costa Rica earthquake|  Central America 75
1992 Flores Indonesia 1,713
1992 Nicaragua|  Central America 184
1993| Hokkaido south-west earthquake Japan 230
1998 Sissano| Papua New Guinea 2,300
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Fig. 1 The total of death by Tsunami since 1990.
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Fig. 2 Extrapolation of wave height; (a) case of a dried cell
and (b) case of a submerged cell.
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Fig. 3 Extrapolation of velocity onto free-surface.
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Fig. 4 Wave paddle trajectories for generation of solitary
wave (tsunami).
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Fig. 7 Schematic view of 2D wave flume and gauge
placements.
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Fig. 8 Wave paddle trajectories for 2D simulation of
tsunami runup (solid lines: experiments, long-dashed
lines: approximation).

Table 3. Approximate Equations of the WaveMaker Movements
and the Maximum Error between the Experiments.

Case Eem) = atanh{b(t— 258)—c}—— Mas. Error
a b C d
A 5.275 1.30 6.26 9.245 22%
B 12.85 2.93 942 1.63 21%
C 19.63 3.70 1041 0.67 42%
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Table 2. Experimental and numerical data of .

Case | Target ¢ Exp. € present €
A 0.05 0.04 0.04
B 0.30 0.26 0.27
0.70 0.70 0.49
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Table 3. Condition of Simulation.

Case | Az (em) | Ay (mm) | At (sec)
A 5 11 1/1500
B 4 2 1/3000
C 3 2 1/4000
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Fig. 9 Time history of 2D Tsunami Runup in the case of
€=0.05 (-~ the simulated results & ......: experiments).
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Fig. 10 Time history of 2D Tsunami Runup in the case of
€ =0.3 (---: the simulated results & ......: experiments).
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Fig. 12 Typical Wave profile and velocity vector of 2D Tsunami
Runup near vertical wall in the case of € =0.3(Case B).
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Fig. 13 3D View of Converted Grid by "ArcView GIS".
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Table 4. Maximum Runup at Major Locations.

Locations | Case-450 | Case-400 | Case-350 | Surveyed
Inaho 9.3 10.0 10.7 10.0
Minouta 6.9 73 79 5.0
Horonai 7.3 74 84 6.0
Kamuiwaki 7.4 8.1 87 6.0
Monai 11.8 12.0 12.2 21.0
KukiPoint 12.1 121 12.2 220
Aonae West 4.0 42 4.0 7.0
Horonai
Kamuiwaki Okushiri

Okushiri
Island

Monai

Kuki Point
Hamatsumae
Aonae

Fig. 15 Locations of Towns in Okushiri Island.
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Table 5. Arrival time of Tsunami (minute).
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Monai 0 0
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Fig. 14 Time sequences of Tsunami propagation attacking Ohkushiri island; left: 2D contour & right: 3D snapshot.
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