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Resonant Characteristics in Rectangular Harbor with Narrow Entrance
(1. Field Measurements and Data Analyses)
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Abstract [ ] Field measurements were made for long- and short-period waves and current velocities at the
harbor mouth using pressure-type wave gauges and a current meter, respectively, at the Gamcheon Harbor which
has a rectangular shape with a narrow entrance. The measured pressure data were subjected to spectral analyses
after removing tidal effects by applying trend removal and high-pass filtering. For the band averaging of the raw
spectra, in order to obtain good resolution over the entire frequency, instead of a constant band width, variable
band widths were used, which gradually increase as marching from the lowest frequency towards higher
frequencies. The Helmholtz resonance mode at the Gamcheon Harbor shows the relative amplification ratio of
9.2 at the wave period of 31.7 minutes, which is quite large compared with those at the harbors located on the
east coast of Korea. The second and the third resonance period was 10.3 and 5.4 minute, respectively. On the
other hand, the analysis of every 24 hours data shows that during storms the spectral densities are very large
compared to those during calm seas and also the second and third resonances are predominant.

Keywords : smoothing method by increasing degree of freedom, relative amplification ratio, calm sea, storm
sea, incident long-period wave height, current velocity at harbor mouth
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Fig. 1. Location map of field measurement stations.
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Table 1. Measuring period and location of measurement stations around Gamcheon Harbor in 1997.

Data sampling

Location of measurement Water depth

Station Measuring period interval(s) Longitude Latitade m)
P1 Nov. 27~Dec. 13 5.0 129°00'00.0"E 34°58'43.2"N 24.0
P2 Nov. 27~Dec. 10 1.0 129°00'45.3"E 35°02'43.6"N 17.0
P3 Nov. 27~Dec. 10 1.0 129°00'35.2"E 35°02'51.7"N 16.2
P4 Nov. 27~Dec. 13 5.0 129°00'01.2"E 35°04'03.1"N 10.4
C Dec. 10~Dec. 13 60.0 129°00'40.3"E 35°02'47.7"N 16.5
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Fig. 2. Transfer function of the Butterworth high-pass filter
with cut-off period of 60 minutes.
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Time series of pressure data at St. P4, Nov. 28 1-6H, 1997, Gamcheon Harbor
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Fig. 3. Time series of pressure data measured at St. P4 for five
hours in five seconds interval; (a) raw pressure data, (b)
detrended pressure data, (c) high-pass filtered pressure
data, (d) detrended and high-pass filtered pressure data.
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Fig. 4. Results of spectral analysis by fixing degree of freedom
as 32 for pressure data measured at Sts. P1~P4 for 364.1
hours from Nov. 27 16:00, 1997; (a) power spectral
densities, (b) relative amplification ratios.
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Table 2. Resonant periods and relative amplification ratios of first, second and third modes in Gamcheon Harbor by various method
of smoothing.

First mode Second mode Third mode
Method of smoothing
Period(min) RAR Period(min) RAR Period(min) RAR

Method of DOF=8 26.0~30.7 13.8~15.9 8.7~12.6 2.6~3.6 5.6~6.7 2.1~28
CDOF DOF=16 24.2~33.7 103~12.6 9.0~11.3 2.6~3.5 5.9~6.3 24~25
DOF=32 28.1 10.5 9.0~12.1 2.7~29 5.7~6.5 2.0~2.2

DOF=64 42,0 6.1 8.5 2.5 6.1 25

Moving 9 27.3~31.8 14.1~15.9 12.2 43 57 37

average 17 273 15.5 11.2 35 5.7 2.8

33 235 123 10.5 33 6.0 2.0
65 17.5~20.7 8.3~9.4 9.7~10.3 3.0~3.1 55~64 - 20~22
Method of IDOF 27.0~33.3 11.0~13.2 9.4~12.1 3.0~33 5.6~6.2 22-24

DOF = Degree of Freedom RAR =Relative Amplification Ratio CDOF = Constant Degree of Freedom IDOF = Increasing
Degree of Freedom
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Table 3. Results of seiche data analyses based on measured data at Sts. P1~P4 around Gamcheon Harbor in 1997.

Data Resonant period in min. (relative amplification ratio)
no. St. P2 St. P3 St. P4
1 33.3(34), 12.1(2.8) 33.3(4.9), 10.6~12.1(3.0, 2.9), 6.8(2.3), 27.0~33.3(10.0, 10.2),
5.22.7) 9.4~12.1(4.0~3.4), 5.2 6.2(2.0 2.5)
2 33.3(2.8), 10.6~12.1(2.7), 8.4(2.3), 27.0 33.3(3.2, 3.9), 10.6(3.6), 5.6(2.8) 27.0(11.3), 10.6(4.2), 5.6(2.9)
5.6(2.5)
3 33.3(2.7), 10.6~12.1(2.8, 2.3), 8.4(2.8), 27.0 33.3(5.1, 4.1), 10.6(4.0), 6.8(2.1), 27.0(14.9), 10.6(5.0), 5.2~5.6(3.1, 3.0)
6.8(2.1), 52~5.6(24, 2.5), 2.72.6 5.2~5.6(3.0, 2.9)
4 33.3(3.7), 10.6~12.1(2.2), 5.6(2.4) 33.3(5.4), 10.6(3.0), 5.6(3.5) 27.0~33.3(13.4, 11.3), 10.6(3.7),
5.6(3.9)
5 33.3(2.5), 12.1(2.4), 8.4(2.0), 5.6(2.5) 27.0~33.3(3.4, 3.6), 10.6(3.1), 5.6(2.9) 27.0(11.4), 10.6(3.8), 5.6~6.2(3.2, 2.8)
6 33.3(3.0, 12.1(2.4), 84(2.0), 5.6(2.0), 27.0~33.3(4.0,4.7), 10.6~12.1(24, 2.7),  27.0~33.3(11.2, 9.9), 9.4~12.1(3.1
0.7(2.0) 5.6(2.0), 1.4(2.0) 34), 5.6~6.2(2.2, 2.4)
7 33.3(3.2), 12.12.0), 8.4(2.3), 5.6(2.1)  33.3(4.4), 10.6(2.7), 5.2~5.6(2.0, 2.3) 27.0~33.3(10.1, 9.0), 10.6(3.4),
5.6~6.2(2.3, 2.0)
8 33.3(27), 5.6~6.2(2.3, 2.1), 4.0(2.0),  27.0~33.3(3.8), 10.6(2.3), 5.2~5.6(2.1~2.4) 27.0(12.9), 10.6(3.1), 6.2(3.0)
3.5(2.0), 2.7(2.0)
9 33.3(3.8), 10.6~12.1(2.3, 2.6), 6.8(2.3), 33.3(6.8), 10.6(3.8), 6.8(2.3), 5.6(3.0), 33.3(13.6), 10.6(4.7), 5.6(2.8)
1.5~3.02.0~2.1) 1.0~3.0(2.0~3.3)
10 33.3(3.2), 12.1(2.4), 8.4(2.5), 5.6(3.0), 27.0~33.3(4.2, 4.8), 10.6~12.1(2.3, 2.7),  27.0~33.3(10.1, 9.8),
3.0~4.0(2.0~2.5), 0.6~1.5(2.0~2.3) 5.6(4.2), 4.0(2.2), 3.0(2.4) 9.4~12.1(2.5~3.2), 5.6(4.3), 0.6(2.0)
11 33.3(3.4), 12.1(2.7), 84(2.1), 5.6(2.5) 27.0~33.3(4.2, 5.5), 10.6(3.3), 5.6(3.2) 27.0~33.3(12.0, 10.8), 10.6(4.1),
5.6(3.1)
12 33.3(3.9), 12.1(3.7), 5.6(2.5), 4.7(2.8), 27.0~33.3(4.6, 5.8),10.6~12.1(3.0), 5.2(3.5) 27.0~33.3(13.1, 12.8), 9.4 12.1(3.5
3.5(2.2), 0.7(2.5) 3.7), 52 6.2(3.0)
13 33.3(3.7), 10.6(2.6), 5.6(3.3), 3.5(2.2), 27.0~33.3(5.1, 7.3), 10.6(3.5), 5.6(3.7), 27.0~33.3(13.0, 12.1), 10.6(4.2),

0.7(2.4)

3.02.0)

5.6(3.1)

neo] AYREZHE 4Ry p3o 2% 9 HE Fo
1 AEE A3t § MEoA 33389 IFEu7} %
ol vlg] P4} Aeell= 8 ME FolM 7 AIEZL 27.0
o) 2Eu7) o AM Aed W8-S Bk S5k
S

Hlxl3
(SR

A

=
RN

::‘4

e 1 FAoZ BAEAE 94-~12. 1!%9] 23
FoE= 3T 9l&e] A poldT tiRE 2.0~2.89
AENZE Jeh)o] Axaoe] 3HeteA /\]-Dl-z,‘] SEXY
2 ol Aol gAsEE ¥ BERl Fow 44
). o] FA 2= Y pioe IEHZ} 2340,
g B 25-50 AEE Yehi e Q—T«ﬂ
7]+ 3} Helmholtz . E2

= 8489 34 H&ot 7 MEe
A 2.0~2.89] oFF AFA2 vehdrt o] 3 REe
Sje} p3gh paollrE A vehA] Bomg dhfjl
ARt SR P39 P49] 9.4~12.1% EE 6.8%°] ¥
A Reoh FREG 3, AT hele] 43 P2t P3

Eizil Zéxé P2°ﬂ

NME 4 M AE MESNA 6.88] TR RE(P2re
2 AEo|n AZH|E 2,123, P3E 3 AEo]H ZZEH|
= P29} Tyt vEU AR padlMe HE e
| et} oj#dt A F7] 5.2~6.2%2 I H=
M= vehbsd A pellre 10 ME A FZH]
2.0~3.3, P3OAE 13 AlE #HFo|A ZAZEH] 20~42F
Hole 52-5.6%¢] % FErF Vet ¥ B3 P4
A= Z7) 5.2-6.28, AEZH] 20-432 27 thaA
veRdtt 8, B4 P29t PolME o]l 0.6-4.0
B Apelell o) 339 IENE Uehlie S5 F

=7} 289 3l AAH pacAe We e
2] ekogtt.

Aoz 18 Feore FRF717F oF 3080l
T AN RAZN 7} gk 9-1491 Helmholtz ZE7} 718
$-Alsh olART F7)7} e 9.4~12. 187 5.2~6.2%-
9} 7 FER AT Bk vehdth &kt &

sarolLt B53F oA Helmholtz 252 A9l ¥
7 BE7 JriA e voksh R A8 st



TRPRIFFS AN el
Time Series of Raw Velocity Data at St. C, Dec. 10-13, 1997, Gamcheon Harbor
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Fig. 14. Time series of raw velocity component normal to
harbor mouth measured at St. C in Gamcheon Harbor
(Dec. 10~13, 1997).
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Time Series of Filtered Velocity Data at St. C, Dec. 10-13, 1897, Gamcheon Harbor
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Fig. 15. Time series of filtered velocity component normal to
harbor mouth measured at St. C in Gamcheon Harbor
(Dec. 10~13, 1997).
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normal to harbor mouth at St. C in Gamcheon Harbor.
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Table 4. Amplitude of incident wave for Helmholtz, second
and third resonant modes obtained from spectral

analyses.
Amplitude of incident wave in cm
Data
no. Helmbholtz Second resonant  Third resonant
mode mode mode
1 0.98 0.35 0.15
2 0.88 048 0.21
3 0.86 0.42 0.14
4 0.74 0.34 0.10
5 0.70 0.32 0.18
6 047 0.19 0.11
7 0.60 0.22 0.08
8 0.39 0.21 0.06
9 0.51 0.25 0.08
10 0.97 0.72 0.35
11 0.78 0.39 0.16
12 0.52 0.22 0.15
13 0.45 0.12 0.06
14 0.38 0.11 0.05
15 0.36 0.10 0.05
16 0.40 022 0.06
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