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Table 1 Conditions of periodic waves

Prototype Numerical simulations

Wave periods| Wave periods Wave heights [cm]
T [s] T [s] H/L=0.02 H/L=0.04
8.0 1.44 5.08 10.2
9.0 1.62 591 11.8
10.0 1.81 6.71 13.4
11.0 1.99 7.50 15.0
12.0 2.17 8.28 16.6

Wave gauges | 2.0m 2.0m
HlQ Qﬂz

Wave

=
Flap-gate model

(a) Model experiment

Wave incident

Numerical flap-gate

(b) Numerical simulation

Fig.9 Experimental and numerical setup
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Table 2 Conditions of bore type tsunamis

Numerical simulations
Water volumes
V [m’/m]
casel|case2|case3|cased|caseS|caseb|case|cased
5 16.3 (059 ]0.78 1098 | 1.17 | 1.37 | 1.56 | 1.76 | 1.96
7 22.8 044 ]0.66 1088 |[1.10 ] 1.31 |1.53|1.75]1.97
9 29.3 [0.21 ]0.42 |0.63 |0.84 | 1.06 | 1.27 | 1.48 | 1.69
11 35.9 [0.16 ] 0.32 10.48 [ 0.65]0.81 |0.97 | 1.13 | 1.29
13 42.4 10.10 [ 0.20 | 0.31 | 0.41 | 0.51 [ 0.61 | 0.71 | 0.81
15 48.9 10.09 |0.18 | 0.26 1 0.35 | 0.44 | 0.53 | 0.62 | 0.70
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Depth | Depth

h [m] |h [cm]
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Fig.14 Numerical setup
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Table 3 Tsunami heights by numerical simulations

Prototype Numerical simulations
Depth Depth Tsunami | Maximum Cih Numerical
°P P heights | amplitude conditions
h [m] h [em] { [m] H  [m]
0.045 0.060 0.27. casel
0.059 0.078 0.364 case2
0.072 0.097 0.443 case3
0.087 0.112 0.531 case4
3 16.3 0.099 0.115 0.609 case5
0.116 0.117 0.711 case6
0.128 0.130 0.783 case’
0.139 0.142 0.850 case8
0.041 0.058 0.182 casel
0.061 0.089 0.269 case2
0.080 0.120 0.349 case3
0.100 0.143 0.440 cased
7 228 0.12 0.135 0.530 case5
0.13 0.153 0.606 case6
0.15. 0.166 0.693 case’
0.177 0.181 0.775 case8
0.028 0.037 0.096 casel
0.053 0.077 0.182 case2
0.077 0.120 0.264 case3
0.102 0.163 0.349 cased
9 29.3 0.131 0.153 0.446 cased
0.154 0.172 0.526 case6
0.180 0.193 0.613 case7
0.204 0.215 0.698 case8
0.026 0.034 0.071 casel
0.049 0.070 0.135 case2
0.071 0.108 0.197 case3
0.095 0.149 0.264 case4
1 359 0.116 0.191 0.323 case5
0.143 0.200 0.399 case6
0.167 0.201 0.464 case?7
0.191 0.231 0.532 case8
0.018 0.024 0.042 casel
0.042 0.057 0.099 case2
0.060 0.086 0.141 case3
0.078 0.117 0.183 case4
13 424 0.096 0.148 0.226 caseS
0.114 0.181 0.268 case6
0.130 0.213 0.307 case’
0.147 0.246 0.34 case8
0.023 0.033 0.04 casel
0.042 0.066 0.0 case2
0.065 0.100 0.134 case3
0.085 0.136 0.174 cased
15 48.9 0.107 0.174 0.21 caseS
0.125 0.213 0.255 case6
0.145 0.251 0.297 case’
0.165 0.293 0.338 case8
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Fig.15 Vertical distributionsof pressure on flap-gate
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Fig.16 Vertical distributionsof pressure on wall
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Numerical Analysis of Flap-gate Breakwater against Tsunami and Waves by Overset Grid Method

Yuichiro KIMURA¥*, Hirotoshi YANAGI**, Nobuhito MORI, Tomohiro YASUDA and Hajime MASE

* Kyoto University, Graduate School of Engineering

** Hitachizosen Corporation, Japan

Synopsis

A flap-gate breakwater is a new type structure for coastal disaster reduction caused by tsunamis and

storm surges. The flap-gate usually lies down on the bottom of sea and rises up as a seawall with its

buoyancy when tsunamis or storm surges occur. In our previous experimental studies, blocking capabilities

of the flap-gate against tsunamis were confirmed, and the characteristics of the gate motion and wave

pressure have been clarified. Present study develops a numerical simulation model considering

fluid-structure interactions for the flap-gate and validation of the numerical model is conducted. It is shown

that the present developed model gives accurate predictions of flap-gate motions and wave pressures against

hydraulic model experiments.

Keywords: flap-gate, numerical analysis, overset grid method, level set method, tsunami, wave
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