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Numerical Simulation on Control of Tsunami by Resonator (II)
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Abstract : In the previous research, the effectiveness of resonator was confirmed through the numerical analysis
on two cases with the use of existing resonator at the Mukho and Imwon ports located in the eastern coast of
South Korea by discussing the reduction rates of 1983 Central East Sea tsunami, and 1993 Hokkaido Southwest
off tsunami, respectively. In this study, the reduction rates of tsunami height with three different resonators, Type
I, 1I-1, and 1I-2, at the Samcheok port were examined respectively through the numerical analysis using COMCOT
model under the same condition as the previous study. It was discussed the spatial distribution of maximum height
of tsunami, change of water level, and effectiveness of resonator with the presence of new types of resonator, and
change of their sizes. As a result, the effectiveness of resonator was verified through the application of new types
of resonator reducing about maximum 40% of tsunami height. In order to design the optimal resonator for the
variety of site condition, it is necessary to research about the various cases applying different shape, arrangement,
and size of resonator as further study.

Keywords : new typed-resonator, real sea, tsunami, reduction rate of tsunami height, Samcheok port, numerical
analysis
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tsunami

(a) Resonator I
Fig. 1. New typed resonator (Latt and Nakamura, 2011a, 2011b).
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Table 1. Computation conditions
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Fig. 2. Size and shape of the existing and extended breakwaters in
Samcheok port.
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Number of area Number of grids Grid size (m) Coord. system SWE type
Area No.1 1333 x 1629 1215
Area No.2 687 x 1182 405
Area No.3 888 x 1311 135 . Linear
Area No.4 180 x 216 45 Cartesian
Area No.5 171 x 189 15
Area No.6 342 x 240 5 Nonlinear

SWE: Shallow Water Equation

Table 2. Fault parameters for 1993 Hokkaido southwest off earthquake (Takahashi et al., 1994)

Faults

Latitude Longitude Depth Strike angle

Dip angle Slip angle Length Width Dislocation

(N) (E) (km) Q) Q) @) (km) (km) (km)
Fault 1 42.10 13930 5 163 60 105 245 25 12
Fault 2 4234 139.25 5 175 60 105 30 25 2.5
Fault 3 43.13 139.40 10 188 35 80 90 25 5.71
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Fig. 4. Spatial distribution of water depth and terrain elevation
around Samcheok port.
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Fig. 5. Size and shape of new typed resonator I installed to the
existing breakwater of Samcheok port.
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Fig. 6. Size and shape of new typed resonator Il installed to the existing breakwater of Samcheok port.
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Fig. 7. Maximum tsunami water level at Samcheok port whether the resonator I is installed or not.
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Fig. 8. Comparison of maximum tsunami water level with the change of length L of resonator I at Samcheok port.
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Fig. 9. Time history of tsunami water level at the inside of Samcheok port whether the resonator I is installed or not.
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Fig. 10. Time history of tsunami water level with the change of the length L of resonator I at Samcheok port.
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Fig. 12. Comparison of maximum tsunami water level with the change of the length /, of resonator II-2 for /, =170 m at Samcheok port.
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Fig. 13. Time history of tsunami water level with the change of the length /, of resonator II-1 at Samcheok port.

Samcheok port-Location 7

Water Surface Elevation(m)

105 110 115 120 125 135 140 145 150 155
Time(min)

(@) Location 7

Samcheok port-Location 9
1, =170m, I, =50m
......... 1, =170m, 1, =70m

o T

Water Surface Elevation(m)

105 110 115 120

130 135 140 145 150 155 160 165 170 175 180
Time(min)

(b) Location 9

Fig. 14. Time history of tsunami water level with the change of the length /, of resonator 1I-2 at Samcheok port.

503



504 olE - AE -

Samcheok port-Location 7
Present state

Resonator H-type I, £, =175m| __
Resonator H-type 11, 7, =90m

Water Surface Elevation(m)

115 120 125 130 135

140 145 150 155 160 165 170 175 180

Time(min)

Present state

1.2 v
Samcheok port-Location 9 H
75m

e e o

........

......

........

Water Surface Elevation(m)

(a) Locaton 7

...............

......

.............

........

Fig. 15. Time variation of tsunami water level in cases of present state, resonator II-1 (/,=

cheok port.

-7 Ay W AR 112004 1, =90 mS] 73%(3
= 9pd)yell Al are] AlhEsE Hlﬁ}i ATt 17

2h v 7R S0 oF 149 minoll AR 11- 154 1I-
20] A7} A A9HT} 036 m 7é 7 A7
a1, o= AEE] 9 0.9 mellA 40% RS AES Ur
ERATE 525, oW Q1| oA AP 2] 1-12 11-22] 73

7} @Al e) A2} oF 150 minell 0.19m, 2F 163 mmoﬂ
0.27 me] 17k 22 A=, ddEle] 91 0.9 m, 1.0m
oA 20%~30% H = A7E AuE Yepdnh AapEow,
2 APt A st A8 38 19] H9(30%2] AHE
< vEpE T A1 a31A] 119] 497 ARl D ake] Ao

of Rt} g¥Holeh= RS & 4 Ut

3.4

ru

2 Aol AR AR d a7 F Sk AslelM Xl
| ute] Aojo] st AFHFHAA 1, 11-1 2 1129

e 5_'].?_-%1.- EZ—]__E E].D‘r Jo] gﬂ O‘JZEJ COMCOT =4
(Liu et al., 1998)= %o}oq Zaj|ore] A alo ] A&
2] 137} 12 F-2Fol ) 2133 717%82] Yjel|lA] Zol <] wste]]
k- ﬂﬂlﬂﬁﬁﬁ%&iﬂ SAREES} 919 AR gl gzl
A9 §-87 58 =agitt. o714, 288 AAle) X2

105 110 115 120 125 130 135
Time(min)

(b) Locaton 9

140 145 150 155 160 165 170 175 180

170 m) and resonator 11-2 (/,= 150 m) at Sam-

SRSt 1595l RSl o2
Q3 AFEE ¥ Q0] AR O ols}e] /)&,
ol AEAE g Al 19T

] I—% 2 A S o e dars Hol 30%

%o
o
i

(2) AH ol AFTEA) 19] HolE Wshral 4
ARte] )19 el -2 o2 AR A9 el 0.1 m~
0.15m LR AN 5= 9o, AEEE 15%~22%C]
Ak, ARk 0 = Zo) o) misle] uh gkl wsh} =4 edrt
() AFZZGA 11014 =2 A o)wl= o)t Ao
AR 9 Welld ARsdart EolsaL, i Sl
HHAOE 0.1 m-0.15m F5&= *0}742]‘4 ARHES A4 o
Ok A 3EA] 12004 12 g2l dor) A= 49

e

A5} FdolM AL 17} v)2s) g A6t o
Al AES Z )
4) AFFAZA] 11-1 W 112004 AR efd 2] g7t

S5 UEbd ZF dolel thgh 792k A EellA ddeie] 7
= Bluskd sHA 0w AEle] -1t Hdl 036 m
,°1L 40% =2 AHEE vEpRdTt
73R ER= A3 1-13% 11-
Qs o] Aojol Hr} aut#el Aoz
Q1 1o Aka, A 9 AA A

2} %‘%‘—Z—iﬁ A

A, 2w



off thall sl
nd Nakamura(2011b)
kel vkl

Q= AL 7t

A 137} 110l = dol7F 488 Zlow &
ebA], @ o9t X]ﬁéﬂ Aute] Sl FE=
17&?] 1 8] A3k flaixs 2812 94,
71el B5t Bk g2 A9-9] ol gk HEVF
L7 ek

ga
};L

P
T

References

Latt, N.Z. and Nakamura, T. (2011a). Performance of wave reso-
nators located at a harbor entrance for reducing very long
waves. Annual Journal of Civil Engineering in the Ocean, 67,

g AR A FHRel dhal) 505
892-896 (in Japanese).

Latt, N.Z. and Nakamura, T. (2011b). Effectiveness of a newly
developed resonator against tsunamis. Journal of Japan Society
of Civil Engineers, Ser. B3, 67, 637-642 (in Japanese).

Lee, K.H., Jeon, J.H., Kim, D.S. and Lee, Y.D. (2020). Numerical
simulation on control of tsunami by resonator (I). Journal of
Korean Society of Coastal and Ocean Engineers (in review).

Liu, P.L.-F., Woo, S.B. and Cho, Y.S. (1998). Computer programs
for tsunami propagation and inundation. Technical report, Cor-
nell University.

Nakamura, T., Mochizuki, H. and Morita, S. (1985). Performance
of a resonator designed by the wave filter theory-applicability to
a harbor. Proc. Coastal Eng., JSCE, 25, 1280-1292 (in Japa-
nese).

Takahashi, T., Shuto, N., Imammura, F. and Ortis, M. (1994). Fault
model to describe Hokkaido Nansei offshore earthquake for tsu-
nami. JSCE, 41, 251-255 (in Japanese).

Received 20 November, 2020
Revised 8 December, 2020
Accepted 10 December, 2020



