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Tab. 2 Response frequency and theoretical resonance frequency of other types of resonances with changes of length of inner and

outer harbors

fr & JLPRIETS n BT [,/ Hz HRAA f,,/ He xR e=1f,~f, 1/f,%x100%
BETAT 1-2 (¢=5.7 m) 3 0.554 0.557 0.54
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Fig. 6 Amplitude distribution of other types of resonances with change of length of inner and outer harbors
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Tab. 3 Response frequency and theoretical resonance frequency of other types of resonances with change of connecting position

L HARIELS n RIS £,/ He BRI £, /Ha MR = 1f,~/,, 1/f,x100%
BETAT 1-2 (e=1.0 m) 3 0.351 0.358 1.99
BET 12 (e=0.5 m) 4 0. 450 0.451 0.22
BET 1-2 (e=0.5 m) 5 0.523 0.530 1.34
BETA 1-3 (e=3.0 m) 2 0.215 0.203 5.58
BE 1-3 (e=5.0 m) 2 0. 186 0. 180 3.23
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Tab. 4  Frequency of main resonant modes of a combined harbor in different wave directions Hz
NS S ¢=10.0 m ¢=16.0 m e=5.8m
FRECRID o | SRIRMES 5 2 SLIRMES 5 3 SUIRBUS 58 | SHIRILS 5 2 SUREUS O 3 SEIRBLE 1 MRS 5 2 SURES
45° 0.035 0. 107 0.176 0. 035 0. 104 0.172 0. 044 0.092
60° 0. 035 0.108 0.176 0. 035 0. 105 0.174 0. 043 0. 092
120° 0.035 0. 107 0.176 0.037 0. 104 0.172 0. 044 0.092
135° 0. 035 0. 107 0.176 0. 035 0. 105 0.174 0. 044 0. 093
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Tab.5 Comparison of resonant modes of combined harbor with inner pool length

¢=10. 0 m under different reflective boundary conditions

1 RIS 22 PRI 553 HIRBAS

SUE S IS — - — - - :
PR 1E/cm SR/ Hz PRIE/ cm FiR/Hz PR/ cm B /He
AT (AT 7% 0.4) 1.76 0. 035 0. 86 0. 108 0.28 0. 177
Evan) 1.79 0.035 0.88 0.107 0.28 0.176

R6 AERFAAFHTRBEE  =2.0 m WASEBBERESLR

Tab. 6  Comparison of resonant modes of the combined harbor with offset e=2. 0 m under different reflective boundary conditions

a1 A5 2
IR TS e 51 RIS 55 2 RIS 51 RIS 5 2 RIS
PRIF/ cm SR/ Hz, PRIE/ cm 5%/ Ha PRIF/cm i/ Ha PRIIE/ em 2/ He
BSOS (T R KL 0. 4) 1.48 0.037 1. 15 0.107 1.09 0. 037 0.97 0. 107

ESVRin 1.57 0.038 1.12 0. 111 1.14 0.038 0.95 0.111
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Fig. 12 Significant wave height difference between total reflection and partial reflective boundary(unit: cm)
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Fig. 13 Schematic diagram of measuring points in harbor
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Fig. 14 Response frequency and amplitude of resonance modes at each measurement point under changes in width of harbor
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Fig. 16 Amplitude distribution of transverse resonance in harbors with different widths
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Numerical study on resonance response of
a combined harbor to a solitary wave

ZHAO Songying' >, HAO Jialing" *, YANG Fan’, DONG Honghan" >, WANG Qiang’
(1. Key Laboratory of Coastal Disaster and Defence ( Hohai University) , Minisiry of Education, Nanjing 210098,
China; 2. College of Harbor, Coastal and Offshore Engineering, Hohai University, Nanjing 210098, China;
3. Nawjing Hydraulic Research Institute, Nanjing 210029, China)

Abstract; The muti-modal resonant response will be excited in the harbor during the solitary wave affection. A
further research is carried out to study the response characteristics and resonance laws. Firstly, harbors in plan
layouts are established with different inner and outer harbor lengths and connecting positions. Then, MIKE 21-BW,
a wave numerical model based on Boussinesq equation, is applied to simulate the resonance response of the harbor
under solitary waves action. Finally, as compared with the existing theoretical values, the numerical simulation
results, especially the amplitude distribution, are analyzed by spectrum method. The results show that the main
response frequency of a combined harbor excited by the normal incident solitary wave is close to the theoretical
natural frequency of the slender harbor with the same length. Meanwhile, the amplitudes of the main resonance
modes are closely related to the length of the inner and outer harbors as well as the distances between two entrances.
On the other hand, the directional change of the incident wave and the reflection condition of the boundary within
the harbor have little effect on the shaping of each resonance mode in a narrow and long combined harbor.
However, with the increasing of the harbor width, transverse resonance becomes obvious at docking zone. Based on
the above, a layout plan is proposed to decrease harbor resonance, which would provide guidance for practical

engineering design.

Key words: solitary wave; harbor resonance; combined harbor; MIKE21-BW; natural frequency



