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Development of a Numerical Modeling of Nearshore Tsunami
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A finite-difference scheme using a modified marker-and-cell method is applied to investigate the
characteristics of non-linear tsunami wave motions and their interactions with a two-dimensional sloping beach inside
a numerical wave tank. The Navier-Stokes equation is solved for two fluid layers and the boundary values are
updated at each time step by a finite difference time marching scheme in the framework of rectangular co-ordinate
system. For the vertical direction, the variable mesh system is employed. The viscous stress and surface tension are
neglected in the dynamic free-surface condition, and the fully non-linear kinematic free-surface condition is satisfied
by the marker-density function method developed for two layers. The incident Tsunami is generated from the inflow
boundary by prescribing a velocity profile resembling the paddle movement of the wave maker. In the present paper,
one of the benchmark problems ‘two-dimensional Tsunami runup on a vertical wall with beach dop’ is simulated.
The numerical results are compared with the experiments and other numerical results mentioned in “International

workshop on Long-wave runup models’ (H. Yeh et al., 1995).
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Fig.1. A part of Grid System
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Table.1. Displacements of the wave gages.
(For all gagesY=0. 0)

Gage No. X (m) H (cm)
GagedA 12.64 21.8 For CaseA
Gage4B 14.06 21.8 For CaseB
GageaC 14.40 21.8 For CaseC
Gageb 15.04 218 Toe of 1:53 dope
Gageb 17.22 17.7 Midway of 1:53
Gage7 19.40 13.6 Toe of 1:150 sope
Gage8 20.86 12.6 Midway of 1:150
Gage9 22.33 11.6 Toe of 1:13 dope
Gagel0 22.80 8.0 Midway of 1:13
23.23m i
1:53 1:150 1:1
15.04m ! 436m | 2.93m !O?‘
Gauge 4 5 6 7 8 910

7
/— WaveMaker

Fig.2.Schematic view of 2D Wave flume and Gage Placement.
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Table.4. Numerical Convergence Tests.
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Runup (m)

0.005

o 7 o (L=23.23,H0=0.218x 0.05)
G { Dx (m) Dz (m) Dt (sec)
o 0 a aseB
< 5 / / Base Case L/200 Ho/8 1/1000
S 0 . . . Dx Series
9 559 260 26 262 2 3/364-—%5
S 1 / / A . Test Casel L/300 Ho/8 1/1000
@ ~ CdSEA
S s . Test Case2 | L/400 Ho/8 1/1000
3 -0 Test Case3 L/500 Ho/8 1/1000
-2 Time (se<) Dy Series
Ime (Ssec,
Fig.3. Wave Paddle Trajectories Test Cased L/200 Ho/10 1/1000
(---Experiment ,[0 Approximate Equations) Test Case5 L/200 Ho/12 1/1000
Test Caseb L/200 Ho/16 1/1000
Table.2. Approximate Equations of the WaveM aker Dt Series
Movements and the MaxError between the two. Test Case7 L/500 Ho/10 1/800
Case Approximate Equations MaxError Test Case8 L/500 Ho/10 1/1000
A 5.275tanh(1.3(t-258)-6.26)-9.245 2.2% Test Case9 L/500 Ho/10 1/1250
B 12.85tanh(2.93(t-258)-6.26)-1.63 2.1% Test Casel0 L/500 Ho/10 1/1500
C 19.63tanh(3.7(t-258)-6.26)-0.67 7.6%
Table.3. Experiment and Numerical dataof € Dx Series | On the Wall
i 0.02
Case Target € Actua € Numerical € Base Case.. Black
A 0.05 0.039 0.040 Test Casel...Red ‘
Test Case2...Green 10
B 0.30 0.264 0.267 0.015
Test Case3...Blue
C 0.70 0.696 0.486
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Fig.4. Dx series Numerical Convergence test
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Fig.5. Dz series Numerical Convergence test
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Fig.6. Dt series Numerical Convergence test
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Fig.7. Time history of 2D Tsunami Runup in caseA. (—; the
simulated result & « ¢ ; experiments).
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Fig.8. Time history of 2D Tsunami Runup in caseB. (—; the
simulated result & e « ¢; experiments).
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Fig.9. Time history of 2D Tsunami Runup in caseC. (—; the
simulated result &  « *; experiments).
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Fig.10. Typica Wave profile and velocity vector of 2D Tsunami
Runup in CaseB.
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Table.5. Maximum Vertical Runup on the Wall

Experimental Data Numerical Data
Case | Runup cm Runup / d Runup cm Runup / d
A 2.74 0.13 2.37 0.109
B 45.27 2.10 20.88 0.957
C 27.43 1.26 19.67 0.903
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