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Reducing Harbor Resonance by Dredging of Harbor Basin
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Abstract [J It is well known that when waves propagating on a shallow water suddenly encounter a much
deeper water they do not propagate further but are reflected. If we apply this phenomenon to a harbor by making
the harbor depth much grcater than outside, we could improve the harbor tranquillity by making the waves
impinging into the harbor be reflected at the harbor entrance. In the present paper, first we apply the numerical
models based” on the mild-slope equation and cxtended mild-slope equation to calculate the long wave
resonances in a rectangular harbor with a very large depth discontinuity at its entrance to find that the difference
between the models is almost negligible. By applying the numerical model to a realistic model harbor whose
inside is entirely dredged, it is found that the effect of dredging is insignificant when the inside depth is twice the
outside one but tripled inside depth significantly reduces the long waves of period of one to five minutes which
may exert a bad influence on ship motion. Moreover, even when only a portion of the harbor basin is dredged,
the effect of dredging in the dredged area is found to be comparable to that of entire dredging, showing that the
dredging of harbor basin can be a countermcasure for harbor resonance.

Keywords : Long-period waves, Harbor resonance, Harbor tranquility, Finite element model, Depth disconti-
nuity, Dredging
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Fig. 2. Comparison of response curves obtained by mild-slope
equation model and extended mild-slope equation
model at the innermost point P of a rectangular harbor
having steep slope at its mouth.
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Fig. 3. Finite element meshes and designated calculation points
for model harbor.
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Fig. 4. Computed nomalized amplification ratios at stations
I'l~P6 in a model harbor for wave periods of 24 to
1,800 seconds(incident angle = 300°).

Table 1. Characteristics of resonant peaks in a model harbor(incident angle = 300 °).

. Stations P P2 P3 P4 P5 P6
Seiches
iy Period(s) 1.080.0 1,076.0 1.076.0 1.076.0 1.080.0 1.080.0
Irs!
NAR. 573 6.97 7.05 721 5.69 5.85
Period(s) ; 466.0 466.0 466.0 4660 466.0
Second
NAR. } 10.25 10.96 12.44 11.93 13.09
i Period(s) 2290 2300 2300 220.0 2300 230.0
I ) * #
NAR. 308 0.88 120 235 142 3.18
- Period(s) 1560 - ; 155.0 ) 1550
NAKR. 130 - 3.08 ; 173
, Period(s) 610 610 61.0 ; 61.0 ;
Fifth r - = O
NAR. 0.62 164 1.98 } 165 ;
ot Period(s) - 522 522 72 522 522
" NAR. ) 137 "0.67 218 "1.38 054
Period(s) 507 507 - : 50.7 50.7
Seventh -
NAR. 756 0.89 3 _ 228 298
) Period(s) 375 - 375 - - -
Eighth C
NAR. 272 : 161 - . 3

N.A.R.: Normalized amplification ratio, *; A resonant peak of which N.AR. is less than 2.0.
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Fig. 5. Computed normalized amplification ratios at stations
P1~P6 in a model harbor for wave periods of 24 to
[,800 seconds(incident angle = 230°}.
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Table 2. Characteristics of resonant peaks in a model harbor(incident angle = 230 %)

. Stations  p) P2 P3 P4 Ps P6
Seiches
Eirs Period(s) 1,080.0 1,076.0 1,076.0 1,076.0 1,080.0 1,080.0
TS
NAR. 5.89 7.17 7.26 7.42 5.85 6.01
Period(s) - 466.0 466.0 466.0 466.0 466.0
Second
N.AR. - 10.78 11.52 13.08 12.53 14.70
Thind Period(s) 2290 230.0 230.0 2290 230.0 230.0
N.AR. 1.76 107 146 2.87 173 3.87
Period(s) 156.0 - - 155.0 - 155.0
Fourth
N.AR. 2.9 - - 5.00 - 2.80
] Period(s) 72.5 - - - - -
Fifth
N.AR. 425 - - - N -
] Period(s) 61.0 61.0 61.0 - 61.0 -
Sixth "
N.AR. 0.91 2.16 261 - 247 -
Period(s) - 56.7 56.7 - 56.7 -
Sevent
N.AR. - 3.74 373 - 245 -
_ Period(s) - 534 534, 534 534 -
Eighth : .
N.AR. - 1.56 1.74 1,59 231 -
Ninth Period(s) - 39.6 39.6 39.6 39.6 39.6
1
" NAR. ; 341 410 2.86 228 273
Period(s) 37.5 - 375 375 - 375
Tenth < T
NAR. 4.18 - 2.44 1.29 - 112
Period(s) 258 258 25.8 - 25.8 -
Eleventh
N.AR, 293 5.31 5.32 - 222 -

N.AR.: Normalized amplification ratio,
peaks at the periods of 80.5, 75.5, 50.7,
less importance.
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Fig. 6. Computed amplification ratio contours for wave periods of (a) 1,076.0 seconds, (b} 466.0 seconds, {c) 155.0 seconds, (d) 61.0
seconds, (€} 56.7 seconds, (f) 53.4 seconds, (g) 39.6 seconds, (h} 25.8 seconds in a model harbor.
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Fig. 6. Continued.
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. 7. Computed normalized amplification ratios at stations
P4 and P6 in three different bathymetry of the model
harbor for wave periods of 24 to 1,800 seconds(inci-
dent angle = 300°).
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Fig. 9. Computed normalized amplification ratios at stattons Fig. 10. Computed normalized amplification ratios at stations
P2 and P3 in three different bathymetry of the model P2 and P3 in three different bathymetry of the model
harbor for wave periods of 24 to 240 seconds(incident harbor for wave periods of 24 to 240 seconds(incident
angle = 360°). angle = 230°).

Fig. 11. Computed amplification ratio contours for wave periods of (a) 46.8 seconds, (b) 33.0 seconds in a model harbor.
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Fig. 12. Computed normalized amplification ratios at stations
P2 and P3 in three different locally dredged model
harbor for wave periods of 24 to 240 seconds{incident
angle = 300™.
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Fig. 14. Computed normalized amplification ratios at stations
Pl and P5 in three different locally dredged model
harbor for wave periods of 24 to 240 seconds(incident
angle = 3007).
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