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Resonant Characteristics in Rectangular Harbor with Narrow Entrance
(2. Effects of Entrance Energy Loss)
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Abstract [ ] A Galerkin finite element model for the analysis of harbor oscillation has been developed based on
the extended mild-slope equation. Infinite elements are used to accomodate the radiation condition at infinity and
joint elements to treat the matching conditions at the harbor entrance which include the energy loss due to flow
separation. The numerical tests for rectangular harbors with fully or partially open entrances show that the energy
loss at the harbor entrance considerably reduces the the amplification ratios at the innermost parts of the harbors
and that the amplification ratios decrease considerably with increasing incident wave heights and jet lengths at
the harbor entrance. Application of the model to the Gamcheon harbor show that when the incident wave
amplitude is small the amplification ratios rather increase when the entrance energy loss is included than when
ignored because of the shift of the resonance periods. Even though the entrance energy loss was insignificant for
the measured long-period incident waves, it would be of great importance if the incident waves were large as in
the attack of tsunamis. The resonance period of the Helmholtz mode at the Gamcheon Harbor was calculated to
be 31 minutes, which agrees well with the measured one between 27 and 33.3 minutes. The measured resonance
periods between 9.4 and 12.1 minutes and 5.2 and 6.2 minutes were also calculated by the numerical model as
10.4 minutes and 6.6 or 5.6 minutes, indicating good performance of the model. On the other hand, it was shown
that a variety of oscillation modes exists in the Gamcheon Harbor and lateral resonances of considerable
amplification ratios also exist at the periods of 3.6 and 1.6 minutes as in the Young-11 Bay.

Keywords : Galerkin finite element model, infinite and joint element, entrance energy loss, jet length,
incident long-period wave height, tsunami
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computed absolute amplification ratios for tide level
of LW.O.S.T. at St. P4 in Gamcheon Harbor.
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Table 1. Absolute amplification ratios calculated for wave
period of 33.3 minutes with various amplitudes
of incident waves with and without entrance
energy losses in Gamcheon Harbor.

i ) With entrance energy
Incident wave  Without entrance

litudl loss
amplitude (m) energy loss =0 m =866 m
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1.00 2973 2.990
2.00 2212 2218
4.00 1.620 1.622
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Fig. 12. Computed wave amplification ratios for wave periods
of 50 to 3,000 seconds at stations C6~CI10 in
Gamcheon Harbor.
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Fig. 13. Computed amplification ratio contours for wave
period of 31.0 minutes in Gamcheon Harbor,

Fig. 14. Computed amplification ratio contours for wave
period of 10.4 minutes in Gamcheon Harbor.
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period of 6.6 minutes in Gamcheon Harbor. period of 4.0 minutes in Gamcheon Harbor.

Fig. 16. Computed amplification ratio contours for wave Fig. 18. Computed amplification ratio contours for wave
period of 5.6 minutes in Gamcheon Harbor. period of 3.6 minutes in Gamcheon Harbor.
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Fig. 19. Computed amplification ratio contours for wave
period of 3.1 minutes in Gamcheon Harbor.
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