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Abstract[ ] In the present study, for fully-open rectangular harbors, sensitivity analyses are made for the major
parameters which are relevant to the practical application of a hybrid element model widely used for the
analysis of harbor oscillation. The results show that it is desirable to extend the finite element region to the
area in which depth change is not large and that it is appropriate to take the depth of the outer region for
analytic solution as the average along the boundary between the two regions. It is expected that the number of
Fourier components of the analytic solution may not be important for a constant-depth simple-shaped harbor
but its significance may increase for harbors of varying depth and complex geometry. It is found that the
effect of incident wave direction is not significant for the first resonance mode but its effect becomes important
as the bottom slope increases, especially for the higher resonance modes.
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Fig. 1. Definition sketch of a boundary value problem of
an arbitrary-shaped harbor.
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Fig. 2. A fully-open rectangular harbor of Ippen and Goda Fig. 3. Computed response curves by analytic method and
(1963). HEM for four different r,.
Table 1. Normalized amplification ratios at three resonant modes for four different radii, r,.
olution method Analytic Numerical results by HEM
Resonant mode solution r,=1.68b ra=3b r,=6b r,=9b
First 8.015 (1.325) 7.943 (1.325) 8.109 (1.325) 7.970 (1.325) 7.925 (1.325)
Second 2.797 (4.200) 2.777 (4.250) 2.738 (4.225) 2.774 (4.250) 2.836 (4.225)
Third 1.828 (7.175) 1.835 (7.350) 1.801 (7.250) 1.869 (7.250) 1.778 (7.225)

*Numerals in parenthesis denote normalized wave number, kL.
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Table 2. Normalized amplification ratios at three resonant modes for six different Fourier components (r,=1.68b).

Resonant

Fourier component, n

mode n=0 n=1 n=2

n=3 n=5 n=7

First | 20994 (1.775) | 7.957 (1.325)

7.944 (1.325)

7.944 (1.325) 7.943 (1.325) | 7.943 (1.325)

Second | 3.131 (4.575) | 2784 (4.250)

2.778 (4.250)

2.777 (4.250) 2.777 (4.250) | 2.777 (4.250)

Third 1.486 (7.100) | 1.842 (7.350)

1.835 (7.350)

1.835 (7.350) | 1.835 (7.350) | 1.835 (7.350)

*Numerals in parenthesis denote normalized wave number, L.
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depth in FEM region of r,=9b.

Fig. 12. Computed response curves for five different
harbor widths: constant depth in FEM region of
r,=9b.

Table 3. Normalized resonant modes calculated by analytic method and finite element model using five different values of

harbor width.
Resonant Calculation Results
mode Method b=0.05 m b=0.04 m b=0.03 m b=0.02 m b=0.01 m
Analytic Method 1.225 1.275 1.325 1.375 1.450
First FEM Model 1.250 1.275 1.325 1.375 1.450
Difference (%) (+2.04) (0.00) (0.00) (0.00) . (0.00)
Analytic Method 4.050 4.125 4.200 4.300 4.450
Second FEM Model 4.075 4.150 4.225 4.325 4475
Difference (%) (+0.62) (+0.61) (+0.60) (+0.58) (+0.56)
Analytic Method 7.000 7.075 7.200 7.325 7.500
Third FEM Model 7.075 7.150 7.200 7.350 7.550
Difference (%) (+1.07) (+1.06) (0.00) (+0.34) (+0.67)

Table 4. Normalized resonant modes calculated by analytic method and finite element model using five different values of

harbor width.
Resonant Calculation Results
mode Method b=0.05 m b=0.04 m b=0.03 m b=0.02 m b=0.01 m
Analytic Method 5.306 6.352 8.070 11.473 21.569
First FEM Model 5.245 6.287 7.992 11.265 20.862
Difference (%) (-1.15) (-1.02) (-0.97) (-1.81) (-3.28)
Analytic Method 1.921 2.256 2.813 3.923 7.251
Second FEM Model 1.924 2.255 2.806 3.908 7.208
Difference (%) (+0.02) (-0.04) (-0.25) (-0.38) (-0.59)
Analytic Method 1.332 1.517 1.837 2.491 4.459
Third FEM Model 1.357 1.527 1.834 2.445 4.306
Difference (%) (+1.88) (+0.66) (-0.16) (-1.85) (-3.43)
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