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A Note on the Proper Size of a Finite Element
for Analysis of Harbor Resonance Problems
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Abstract [ In this study, numerical experiments were performed to decide the proper size of a finite element
for the analysis of harbor resonance problems. Various sizes of finite elements were considered from 1/3 to 1/60
of wavelength to model a fully opened rectangular harbor. Through the numerical results, the proper number of
finite elements per wavelength were revealed to be nine within two percents errors allowed in resonant period
and amplification ratio, while twelve within one percent error. It was found that error rates of resonant periods
decrease linearly, while those of amplification ratio decrease with oscillating form as the size of an element
decreases. The error of amplification ratio increases more rapidly than that of resonant period in case of element
numbers below nine.
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Fig. 1. Finite element mesh for a fully open rectangular harbor
(/=750m, b=300m).
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Fig. 2. Computed response curves calculated for wave periods

from 12 to 1,200 seconds at stations P1~P3; (a) normal
incidence, (b) 45° oblique incidence.
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Fig. 3. Wave amplification ratio contours computed for normal incident waves in a fully open rectangular harbor.
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Fig. 4. Wave amplification ratio contours computed for 45° obliquely incident waves in a fully open rectangular harbor.
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Fig. §. Comparison of response curves calculated for normal incident waves of periods from 10 to 30 seconds at station P3 using

various finite element sizes.
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Fig. 6. Comparison of response curves calculated for 45° obliquely incident waves of periods from 10 to 40 seconds at station P3

using various finite element sizes.
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Table 1. Differences between resonance characteristics in station P3 obtained by thirteen different finite element meshes

0, La 60 3 4 5 6 7 8 9 10 11 12 14 16
I(s) 21859 - 19.852 20724 20944 21.171 21.386 21481 21.521 21553 21.646 21.702 21.720
A 2330 - 1.930 2409 2313 2240 2375 2300 2309 2310 2313 2319 2313
90° AT - -2.007 -1.135 -0915 -0.688 -0473 -0378 -0338 -0306 -0.213 -0.157 -0.139
AA - -0400 0079 -0.017 -0.090 0.045 -0030 -0.021 -0.020 -0.017 -0.011 -0.017
er(%) - -9.182 5192 -4.186 -3.147 -2.164 -1.729 -1.546 -1400 -0974 -0.718 -0.636
ea(%) - 17.167 3391 -0.730 -3.863 1931 -1.28% -0.901 -0.858 -0.730 -0.472 -0.730
T(s) 23.803 21910 22202 22980 23.080 23.281 23.486 23.576 23.590 23.611 23.681 23.765 23.765
A 9.644 10715 10522 8972 9.788 9.155 8988 9468 9800 9462 9.697 9.677 9.647
45° AT -1.983 -1.691 -0913 -0.813 -0.612 -0407 -0317 -0303 -0.282 -0212 -0.128 -0.128
AA 1.071 0878 -0.672 0.144 -0489 -0.656 -0.176 0.156 -0.182 0.053 0.033 0.003
er(%) -8300 -7.077 -3.821 -3403 -2561 -1703 -1327 -1.268 -1.180 -0.887 -0.536 -0.536
ea(%) 11.105 9.104 -6968 1493 -5071 -6.802 -1.825 1.618 -1.887 0550 0342 0031
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