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Abstract

Most of regular shaped harbors are confronted with harbor oscillation
problem more or less. We often try to design the costal harbor such that
whatever waves are unavoidable do not amplify. However, it is difficult to
prevent the arrival of long waves causing oscillation with a harbor. This
study deals with the reduction of harbor oscillation adopting the resonant
breakwater outside the harbor entrance. Prior to the numerical model
investigation on wave agitation in a harbor, the records of long wave are
analyzed and theoretical and physical model approaches to the reduction of
oscillations in a harbor are also introduced.

Numerical method used here are fairly standard form from the extended
mild slope equation. Hybrid element model is based on a variational
formulation of the boundary value problem. In this formulation an

analytical solution is coupled with the finite element solution at the open



boundary.

Formed numerical model is then applied to both Busan Coastal Area and
Gamcheon Harbor design plan. The numerical results are obtained in terms
of wave periods and directions. General discussions and comparisons are
made between the measurements and the calculations. The adopted
reduction scheme is found to be reliable and excellent in reduction of

amplification in the harbor.

KEY WORDS: Harbor oscillation; Resonant breakwater; Hybrid Element

Method; Algebraic equation; Functional; Natural period
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NOMENCLATURE

Dimensionless amplitude

Amplitude of incidence wave

Wave celerity

Group of wave celerity

Functional

Acceleration due to gravity

Mean water depth at (x, y)

V-1

Wave number

Wave number in shallow water

Reflection factor

Energy communication percentage of the wave

Interpolation function
Interpolation function

Interpolation function

Interpolation function

Interpolation function
Interpolation function
Interpolation function

Interpolation function

a square

of exponent

in unit vector of x direction
in unit vector of y direction
In unit vector exponent of x direction
in unit vector exponent of y direction

in unit vector exponent of z direction

Horizontal distance from origin

= Xii -



\VA()]
v h

Factor in proportion to horizontal gradient operator a square
Factor in proportion to horizontal gradient operator

Real part of {}

Distance

Coordinate distance in horizontal direction

Coordinate distance in vertical direction

Bottom of the sea gradient a square of no dimension
Bottom of the sea friction factor

Velocity potential, & x, y, z, ¢ )

Wave angular frequency

Water surface elevation

Horizontal gradient operator

Horizontal gradient operator a square

Horizontal gradient operator of velocity potential

Bottom of the sea gradient a square

Phase difference to the constituents of direction of particle a fluid

Velocity potential function of an interval A

Velocity potential function of an interval C

Incident velocity potential
Exponent potential
Scattered velocity potential

Differential of exponent potential in unit vector of X direction
Differential of exponent potential in unit vector of y direction

Differential of exponent potential in unit vector of z direction

- Xiii -
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Table 2.2 Results of seiche data analysis measured at Stations P1~P4
around Gamcheon Harbor in 1997

Dsae? Measurement Resonant period in min. (relative amplitude ratio)
o period St. P2 St. P3 St. P4
33.3(3.4), 12.1(2.8) 33.3(4.9), 27.0~33.3(10.0, 10.2),
1 j}{%;fg{ 106~12.1(30, 2.9),  [9.4~12.1(4.0~3.4),
6.8(2.3), 5.2(2.7) 52~6.2(2.0~2.5)
9 11/28 13H 33.3(2.8),106~12.1(2.7), [27.0~33.3(3.2, 3.9), 27.0(11.3), 10.6(4.2),
~11/29 12H |8.4(2.3), 5.6(2.5) 10.6(3.6), 5.6(2.8) 5.6(2.9)
33.3(2.7), 10.6~12.1 27.0~33.3(5.1, 4.1), 27.0(14.9), 10.6(5.0)
3 11/29 13H (2.8, 2.3), 8.4(2.8), 10.6(4.0), 6.8(2.1), 52~56(3.1, 3.0)
~11/30 12H |6.8(2.1), 5.2~56 5.2~5.6(3.0, 2.9)
(2.4, 2.5), 2.7(2.6)
4 11/30 13H 33.3(3.7), 10.6~12.1 33.3(5.4), 10.6(3.0), 27.0~33.3(134, 11.3),
~12/01 12H |(2.2), 5.6(2.4) 5.6(3.5) 10.6(3.7), 5.6(3.9)
5 12/01 13H 33.3(25), 12.1(2.4), 27.0~33.3(34, 3.6), 27.0(11.4), 10.6(3.8),
~12/02 12H [8.4(2.0), 5.6(2.5) 10.6(3.1), 5.6(2.9) 5.6~6.2(3.2, 2.8)
12/02 13H 33.3(3.0, 12.1(2.4), 27.0~33.3(4.0, 4.7) 27.0~33.3(11.2, 9.9),
6 ~12/03 12H  |8.4(2.0). 5.6(2.0).0.7(2.0) 10.6~12.1(24, 2.7), 9.4~12.1(3.1~3.4),
E 5.6(2.0), 1.4(2.0) 5.6~6.2(2.2, 2.4)
12/03 13H 33.3(3.2), 12.1(2.0), 33.3(4.4), 10.6(2.7), 27.0~33.3(10.1, 9.0,
7 8.4(2.3), 5.6(2.1) 5.2~5.6(2.0, 2.3) 10.6(3.4)5.6~6.2
~12/04 12H
(2.3, 2.0)
3 12/04 13H 33.3(2.7),5.6~6.2(2.3,2.1)[27.0~33.3(3.8), 10.6(2.3)(27.0(12.9), 10.6(3.1),
~12/05 12H |4.0(2.0), 3.5(2.0), 2.7(2.0) |5.2~5.6(2.1~2.4) 6.2(3.0)
12/05 13H 33.3(3.8), 10.6~12.1 33.3(6.8), 10.6(3.8), 33.3(13.6), 10.6(4.7),
9 ~12/06 12H (2.3, 2.6), 6.8(2.3), 6.8(2.3), 5.6(3.0), 5.6(2.8)
1.5~3.0(2.0~2.1) 1.0~3.0(20~3.3)
12/06 13H 33.3(3.2),12.1(2.4),8.4(2.5)(27.0~33.3(4.2, 4.8), 10.6{27.0~33.3(10.1, 9.8),
10 12007 12H 5.6(3.0),3.0~4.0(2.0~25) [~12.1(2.3, 2.7), 56(4.2)(9.4~12.1(25~3.2),
0.6~1.5(2.0~2.3) 4.0(2.2),3.0(2.4), 0.6(2.0) [5.6(4.3), 0.6(2.0)
1 12/07 13H 33.3(3.4), 12.1(2.7), 27.0~33.3(4.2, 5.5), 27.0~33.3(12.0, 10.8),
~12/08 12H |8.4(2.1), 5.6(2.5) 10.6(3.3), 5.6(3.2) 10.6(4.1), 5.6(3.1)
12/08 13H 33.3(3.9), 12.1(3.7), 27.0~33.3(4.6, 5.8), 27.0~33.3(13.1, 12.8),
12 ~12/09 12H 5.6(2.5), 4.7(2.8), 35(2.2) [10.6~12.1(3.0), 52(35) [9.4~12.1(35~3.7),
0.6~0.7(2.0~2.5) 5.2~6.2(3.0)
13 12/09 13H 33.3(3.7),10.6(2.6),5.6(3.3)|27.0~33.3(5.1, 7.3), 10.6|27.0~33.3(13.0, 12.1),
~12/10 12H |3.5(2.2),0.6~0.7(2.0~2.4) |(3.5), 5.6(3.7), 3.0(2.0) 10.6(4.2), 5.6(3.1)
14 12/10 13H 27.009.7), 10.6(4.6),
~12/11 12H 52~5.6(2.2, 2.4)
15 12/11 13H 27.009.5), 10.6(3.9),
~12/12 12H 56~6.2(24, 2.2)
16 12/12 13H 27.0(10.8), 10.6(4.4),
~12/13 12H 5.6(3.8)
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Fig. 2.5 Observation stations of the harbor oscillation
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Fig. 2.17 Barbers Point Harbor hydraulic model(Hawaii University)
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Fig. 2.189] (b)st¥} o] migjy} 98 FFgoz uHslS we] Aaay
of thall gage 6,78 vl 3 AL Table 233 Zt}h vl A @F7]o th3l =914

Table 2.3 Comparison of harbor response at selected stations

RESPONSE RESPONSE
INCIDENT WAVE | (reduction INCIDENT WAVE | (reduction
ratio) ratio)

Wave Gagetl Wave Gagetl

Height Period Gage#6 | Gage#8 | Gage#9 Height Period Gage#6 Gage#8 | Gage#9
(ft) (sec) (ft) (sec)

Direction S45°W Direction S67.5°W
12 6 4.4 0.9 0.9 12 15 3.0 1.2 0.5
18 6 0.7 0.4 0.4 18 15 6.0 1.8 2.9
12 8 0.2 0.4 0.8 36 15 0.6 0.6 0.9
12 8 1.8 0.3 0.9 Direction W
12 12 0.9 1.2 0.9 12 12 0.8 25 0.3
18 12 0.5 0.7 0.6 18 12 04 2.0 0.3
12 15 1.7 0.7 0.4 12 15 1.8 2.2 04
36 15 1.7 0.4 0.5 18 15 04 4.3 0.6

Direction S22.5°W 12 20 0.3 - 0.3
12 14 0.3 0.5 0.7 18 20 0.3 - 04
18 14 0.2 0.2 2.2 36 15 0.7 1.4 -
36 14 1.5 2.2 1.6 - - - - -

FEAE S Sy on Fig. 2207 o] 2000 d el 9fA HFH oz 4ol
% ¢l (Harkins & Dorrell, 2000).
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Fig. 2.19 The third base plan of Barbers Point Harbor

Fig. 2.20 An aerial photograph of Barbers Point Harbor after development
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(1989) ¥ Booij (1983) ol =3t v} &= AW F3 HAF (steep slope)
¢ =E (curvature) s L dojo] A dia] T4 WHES A
ojgte] Ao m=]istinr. =, Bl go] Augd Ao w
A AP A 2] (modified mild-slope equation)S AF&3F7] 2 3L, A9 %7]
Al A A A (53 o], 1992) el 78 & oA ol
sto] dheke] wigto] A F o] wep HA|d HIEE

XA @, v,z ) ANAES TS A 329 FAH dAALAA (Lee,

1989) 0.2 FE 73 % glrh

_pf_-ag _thld,h_-l:z). — i
@(x,y,z,t)—Re{ zwgb(x,y) ~och /) t} (3.1)
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V- QO+ =0 (32)
A AWE factor,
WAREE e,

Aatols p= 24 (33)em 7

Ax, v, )= z“;f de ' (3.3)
@ 3

o] H-E] Massel (1993, 1994)3} o] A uje] AF (vp)? o Hle

o Ao FAAE s, FFE

2 (32)¢] #Z A2 o] WP o] 4 (349 2
v - (ACCgV¢)+% w2{1+R1(kh) (vh)2+R2(/eh)—jg th}¢:0 (3.4)
o] & thAl A st
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=t (12N el 4 36) % A G0 el U F sl

(Chamberain & Porter, 1995).

R, = -l —_cschkh sechkh
! n 12(kh+ sinh2kh)®
[ (2kR)* +4(2kR)? sinh2kh —9sinh2kh sinhdkh (3.6)
+ 6kh(2kh+ 2sinh 2kh) (cosh 2kh — cosh2kh+3)]

_ L sech’kh ) B
Ry = ) “iir b sinhzay (Sinh2kh—2kh cosh2kh) (37)

2 (3.6) 2 A BN A& FAol ofF &2 MG (fp -0 IAY
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Fig. 3.1 Institution domain and boundary for Numerical Analysis
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3.1.2 A A Y

B oATAE Rggae AN AT FAANPEOR FHaL

(Finite Element Method)¥ 74 7l 4 &% (Boundary Integration Method)

o
e
o

3 H3ok g AW (Hybrid Element Method; Lee, 1989)& Al&3}7|= 3o}, At
el ubgt AuA e dezol AAXAAS Este] HFHoZ g

o= |, l/iCC [(v¢)2 f—{HRl(kh)(vh) +R2(kh)—h} ]dA

Y
+ [ FacCbe — g2 =8 4

3%A
_ _L . 1 - Kz: 9 _L 22,
faBZ ACC, l( 1 + K, ){k¢ T 2% 55 }ds (3.11)

- [ acc, ¢Aﬂf“—¢d f/lCC ¢A—Ma’s

+ [ acc, ¢]ﬂ%—¢ds—|-f icc, ¢’—(1<’Lds
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b, ) = N+ NS+ Noy+ -+ ={N°)} {4} (3.12)

213119 = HWAEYgS fasr Aoz yeEhugd 2 (313)7 7

o
2
ffA_ZL(/lCCg)e[VNi' VN/'_-%_{I—FRl(kh)(Vh)Z (3.13)
2
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HEIDS BFasyel o
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HEgS AXE A (314)9F o] dubA ]

-
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e o] A 2 (Algebraic Equation) &2 7FeF3}ate] &S F3kul,

[Kl{¢} = {Q (3.14)
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Fig. 4.1 Comparison of habor response with respect to incident

wave direction at selected station(1,2,3,4)
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Incident Wave, S10W, 7.5 min

Incident Wave, S10W, 7.5min

Fig. 4.7 Computed amplification ratios in the global model
(T=450sec, S10°W)
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Incident Wave, ESE, 7.5min

Fig. 4.8 Computed amplification ratios in the global model
(T=450sec, ESE)
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Incident Wave, S10W, 26.6 min

Incident Wave, S10W, 26.6min

Fig. 4.9 Computed amplification ratios in the global model
(T=26.6min, S10°W)
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Incident Wave, S10W, 26.6 min

Incident Wave, ESE, 26.6 min

Fig. 4.10 Computed amplification ratios in the global model
(T=26.6min, ESE)
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Table 4.1 Results of seiche data analysis computed in Gamcheon Harbor
(The present, S1-S14)

No. Resonant period in min. (relative amplitude ratio)
of
data ESE SSE S10°W

L [198(2:28),118:5(3.99),178.6(3.4)301(|40(1.06) 80(2.56),100(2.89), 960~ 1020(1.8 40(0.51),105(3.31),300(1.36).480(1.6).8

3),3000(1.99) 1),3000(1.99) 407960(1.8),3000(2.01)
8(2.14),59(2.71),81(2.83),100(2.24

30.8(2.14)55(2.71) 81(283),100(2.24), 70(1.25),90(1.55),150(2.12),460(1.5),950(1 |50(1.62),89(3.13),220(1.17),270(1.29),4

2 |17A(2.05),292(2.19) AT3C0N8ELI| 20, 01000 o) 50(1.5),840(1.75),3000(2.07)
1), 3000(2.02) e : TR '

5 [497(2,06),60(2.47) L15(1.61),282(1.3), |80(2.06),100(1.49) 270(1.45) 450(1.43),90| 70(1.79),110(1 52) 270(1.99) 450(1.97),
460(1.34),830(1.7),3000(2.08) 0(1.68),3000(2.08) 840(1.87),3000(2.1)

4 [4901.26).81(2:66),180(1.46).510(1.38),140(2.63).70(1.96),100(2.25) 300(1.83) 480( | 40(1.64),70(2.16) 300(2.42).480(2.36) 8
830(1.68),3000(2.02) 1.8),960(1.81),3000(2.02) 40(2.06),3000(2.04)

5 [41017).90(2),160(3.41) 275(1.83) 450(|40(1.63) 80(2.31),150(3:2) 440(1.7),3000(2| 110(2.99) 210(1.68) 270(1.73) 420(1.72)
1.67),8407900(1.71),3000(2.12) 15) 780(1.82),3000(2.18)
50(1.59) ‘70(2'52)’98(1;57> ABCAD2] 1 93) 60(1.37),11001.06),150(2.29).430(|60(2.33),120(1.11) 270(1 67) 420(1.74),

6 |I5(LI8).271001.36) 451D B0WEE. 1, o) 101 66) 3000(2.25) 780(1.83),3000(2.18)
3000(2.24) TR : o '

; [90(1.88),79(1.37),179(2.13)470(1.46), 140(2:37),70(1.6),100(1.54) 210(2.13) 870(1|50(2.61),110(0.76) 270(2.63) 450(231),
8307900(1.71),3000(2.08) 77),3000(2.07) 840(1.99),3000(2.09)

g [35(1.7D80(2:20),110(261),155(3.17), 140(2.06),70(1.53),120(2:50).210(2.62) 855 40(2.56),70(1.22),100(0.73), 180(2.49). 3
450(1.55),910(1.76),3000(2.05) 1.86),3000(2.04) 00(2.96),450(2.55),840(2.09),3000(2.05)

g [62(069,100(1.38),160(0.7),240(0.78), | 70(0.85) 100(0.56), 150(0.75) 240(0.92),33|40(0.33),60(1.14) 90(0.93),240(1.05) 33
3307360(1.3),720(1.97),3000(2.9) 0(1.38),720(1.8),2950(2.91) 0(1.82),720(2.02),2940~3000(2.94)

Lo |60(1.02),100(1.26),150(0.6).242(0.76), 60(1.3), 180(0.89).240(0.9),300(1.38),720(1|40(0.32),60(1.31) 80(1.11),240(1.03) 33
320(1.31),710(1.81),2040(2.97) 82),2900(2.98) 0(1.82),720(2.04),2850~3000(3.01)

L [P0(0.75),7001.47).90(0.94),210(0.75) 3|70(1.77),180(1.23),330(1.25),720(1.81),29|40(0.79),80(1.63),120(0.2),210(1.0),330
30(1.18),715(1.81),2980(2.97) 00(2.98) (1.64),720(2.03),288072940(3.2)

Ly [B9(198).89(1.97),210(0.67).330(0.8),7|70(2:260),110(0.23), 180(1.31),720(1.73),2/50(0.75),70(1.5) 90(1.60),110(0.18), 180
20(1.72), 2900(3.15) 850(3.4) (0.98),330(1.11),720(1.94),2840(3.44)

13 [00(0:28).89(0.54) 158(0.54).240(1.49),(60(0.38).80(0.50),150(0.8) 240(1.71),360( 1| 60(0.28),80(0.79) 150(0.4).210(0.45) 36
360(1.08),650(1.49),2760™2940(3.38) |.11),660(1.5) 0(1.46),660(1.71),2640~2700(3.96)

L4 |700147).89(0.68) 240(0.84).360(1.14),170(1.63) 180(0.87).240(0.96),360(1.17),66 60(1.15),150(0.11) 240(1.07).360(155),

660(1.15),2760(3.9)

0(1.15),2750(3.12)

660(1.31),2700(3.17)
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Table 4.2 Results of seiche data analysis computed in Gamcheon Harbor
(The present, S15-S28)

of
data

Resonant period in min. (relative amplitude ratio)

ESE

SSE

S10°W

15

70(0.78),110(0.3),240(0.99),398(0.38),7
60(1.32),2820(3.08)

60(1.11),110(0.16),180(1.09),240(1.14),78
0(1.32),2640(3.85)

60(0.61),240(1.28),390(0.51),780(1.46),
2640(3.91)

16

70(0.65),150(1.06),420(2.32),710(3.01),
2604(3.83)

70(0.85),150(1.17),425(2.35),720(3.03),25
80(5.34)

70(0.51),180(0.71),420(3.04),720(3.39),
2580(5.4)

17

90(0.36),120(0.67),245(0.25),420(1.94),
715(2.82),2700(5.27)

40(0.14),60(0.18),150(0.65),420(1.96),255
0(5.28)

40(0.12),90(0.31),240(0.32),420(2.54),7
20(3.17),2580(5.35)

18

70(0.49),90(0.79),360(0.91),720(1.91),2
580(5.26)

60(0.6),155(0.8),360(0.93),720(1.92),2580(

5.05)

40(0.24),60(0.45),90(0.81),180(0.51),36
0(1.23),720(2.15),2600(5.11)

19

50(0.41),69(0.43),355(1.7),710(2),710(2
),258072640(5.02)

50(0.35),80(0.46),240(1.23),355(1.74),720(

2.01),2580(5.08)

50(0.23),80(0.57),180(0.33),360(2.31),7
20(2.25),2550(5.14)

20

50(0.21),70(0.39),89(0.62),110(0.73),24
0(1.55),360(2.01),720(2.08),2580(5.06)

40(0.5),70(0.47),110(0.34),240(1.78),360(2

.07),720(2.09),2600(5.1)

40(0.64),70(0.3),90(0.56),110(0.26),350
(2.73),720(2.34),2580(5.17)

21

50(0.25),70(0.51),121(0.65),360(1.41),7
20(1.83),258072640(5.08)

40(0.55),70(0.62),110(0.3),360(1.45),720(1
.84),2580(5.03)

40(0.67),70(0.39),110(0.21),360(1.91),7
20(2.06),2550(5.09)

22

70(1.2),90(0.56),160(0.99),210(0.51),33
0(1.04),620(0.83),2700(3.27)

40(0.51),70(1.39),150(1.08),330(1.09),420(

0.95),660(0.83),2700(5.08)

40(0.5),70(0.9),90(0.5),210(0.66),330(1.
42),430(1.23),600(0.96),2640(3.34)

23

50(0.56),70(1.48),100(0.38),150(0.84),2
70(0.66),660(1.56),2820(3.65)

70(1.77),100(0.15),180(1.1),660(1.57),285
0(3.67)

40(0.22),60(0.36),80(1.72),100(0.23),18
0(0.77),270(0.88),390(0.81),660(1.79),2
830(3.71)

24

60(1.39),90(2.02),180(0.72),360(1.19),7
20(1.81),280073000(3.04)

60(1.93),180(1.22),330(1.35),720(1.82),29
40(3.05)

40(0.68),60(1.36),90(1.75),180(0.8),240
(1.08),330(1.77),660(1.76),2900(3.09)

25

60(0.78),100(1.55),150(1.4),240(0.99),3
60(1.47),720(1.79),3000(2.79)

40(0.32),60(1.07),100(0.62),180(2.38),240(

1.12),360(1.5),720(1.79),2940(2.79)

50(0.45),70(0.49),100(0.92),180(1.6),24
0(1.21),360(1.97),720(2),3000(2.83)

26

40(0.67),70(1.45),90(1.2),240(0.66),350
(1.27),750(1.69),2980(2.72)

40(1.33),70(1.59),180(0.94),360(1.31),720(

1.7),3000(2.73)

40(1.24),80(1.35),180(0.66),240(0.84),3
60(1.72),720(1.9),3000(2.76)

27

60(0.44),90(0.52),240(0.64),720(1.4),27
60(3.87)

40(0.65),60(0.51),80(0.71),110(0.28),180(0

4),240(0.74),360(0.86),660(1.4),2670(
3.89)

40(0.72),60(0.57),80(0.93),240(0.82),36
0(1.13),660(1.6),282(3.93)

28

50(0.38),70(1),100(0.42),240(0.85),330(
0.77),420(0.73),2640(3.58)

40(1.05),70(1.24),100(0.18),150(0.58),240(

0.98),330(0.81),390(0.74), 2700(3.59)

40(1.15),70(0.77),180(0.33),270(1.13),4
20(0.96),2660(3.65)
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Fig. 4.25 Finite element mesh for resonator model
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Fig. 4.26 Response character of selected station(1,2,3,4,5,6,7,3)

(after Resonant breakwater construction, S10°W)
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Fig. 4.27 Response character of selected station(9,10,11,12,13,14,15,16)

(after Resonant breakwater construction, S10°W)
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Fig. 4.28 Response character of selected station(17,18,19,20,21,22,23,24)

(after Resonant breakwater construction, S10°W)
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Fig. 4.29 Response character of selected station(25,26,27,28)

(after Resonant breakwater construction, S10°W)
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Fig. 4.30 Response character of selected station(1,2,3,4,5,6,7,3)

(after Resonant breakwater construction, SSE)
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Fig. 4.31 Response character of selected station(10,11,12,13,14,15,16)

(after Resonant breakwater construction, SSE)
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Fig. 4.32 Response character of selected station(17,18,19,20,21,22,23,24)

(after Resonant breakwater construction, SSE)

96



gc257a-25-28

6 - —T T T -
] Gamchun Harbor SSE [~
T —————— Station $25 I N
5 —] - Station S26
- - Station S27
- Station S28
o ————
¢ 4
<
L
8
g 3
g
§ 2
1
0
20 50 200 500 2000 5000
10 100 1000

Wave Period(sec)

Fig. 4.33 Response character of selected station(25,26,27,28)

(after Resonant breakwater construction, SSE)
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Fig. 4.35 Response character of selected station(9,10,11,12,13,14,15,16)

(after Resonant breakwater construction, ESE)
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Fig. 4.36 Response character of selected station(17,18,19,20,21,22,23,24)

(after Resonant breakwater construction, ESE)
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Fig. 4.37 Response character of selected station(25,26,27,28)

(after Resonant breakwater construction, ESE)
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(after harbor construction and breakwater alteration, St. 1,2)
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Fig. 4.39 Comparison of harbor respect to wave direction

(after harbor construction and breakwater alteration, St. 3,4)
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Fig. 4.40 Comparison of harbor respect to wave direction

(after harbor construction and breakwater alteration, St. 5,6)

104



gc-total(6)-7

6 — |
] R
—{-| Gamchun Harbor Station 7 |--
- ESE
g - SSE
5 p—
A S$10° W
— ESE-After
-5.3 - SSE - After
@ 4 —"" """ """ S10° W -After
= — -
0 T
= - _
o
8 N
g 3
E- .
< .
S 2 . V/
3 Sy
—
1
0 i
20 2000 5000
10 100 1000
Wave Period(sec)
gc-total(6)-8
6 —] R N
—-| Gamchun Harbor Station 8 |-
- ESE -
- SSE
5 p—
J-- $10° W
— ESE-After
T---------- SSE - After
4 —3"" 7777t S10° W -After

Wave Amplification Ratio

20 50 200 500 2000 5000
10 100 1000

Wave Period(sec)

Fig. 4.41 Comparison of harbor respect to wave direction

(after harbor construction and breakwater alteration, St. 7,8)
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Fig. 4.42 Comparison of harbor respect to wave direction

(after harbor construction and breakwater alteration, St. 9,10)
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Fig. 4.43 Comparison of harbor respect to wave direction

(after harbor construction and breakwater alteration, St. 11,12)
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Fig. 4.44 Comparison of harbor respect to wave direction

(after harbor construction and breakwater alteration, St. 13,14)
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Fig. 4.45 Comparison of harbor respect to wave direction

(after harbor construction and breakwater alteration, St. 15,16)
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Fig. 4.46 Comparison of harbor respect to wave direction

(after harbor construction and breakwater alteration, St. 17,18)
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Fig. 4.47 Comparison of harbor respect to wave direction

(after harbor construction and breakwater alteration, St. 19,20)
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Fig. 4.48 Comparison of harbor respect to wave direction

(after harbor construction and breakwater alteration, St. 21,22)
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Fig. 4.49 Comparison of harbor respect to wave direction

(after harbor construction and breakwater alteration, St. 23,24)
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Fig. 4.50 Comparison of harbor respect to wave direction

(after harbor construction and breakwater alteration, St. 25,26)
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Fig. 4.51 Comparison of harbor respect to wave direction

(after harbor construction and breakwater alteration, St. 27,28)
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Fig. 4.52a Calculated response amplification ratio

(after resonant breakwater, 335sec, S10°W)
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Fig. 4.52b Calculated response amplication ratio

(after resonant breakwater, 335sec, SSE)
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Fig. 4.52¢ Calculated response amplication ratio

(after resonant breakwater, 335sec, ESE)
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Table 4.3 Results of seiche data analysis computed in Gamcheon Harbor

(after resonant breakwater, S1~S14)

No. Resonant Period in min.(relative amplitude ratio)
of
datal  ESE-After B/W SSE-After B/W S10°W-After B/W
40(0.91),80(2.16),110(3.37),240(2.35),54
1 [52(200)1306.74), 185G18)28082) |1 o o) 120(2.44),1260(1.81),3000(1.91)
o [B9412270(273)330(2.75),3000(1.89 8023100257 2400 EDFOMAD AL 1 oo oo oo
) 00(1.77)
g [190412)78(1.99),120(2.09),300(0.72) 5[ 40(160) 80(0.92) 120(2:5),300(0.99).480| 70(1.2),110(1.8) 450(1.89) 900(1.75),300
10(1.16),1020(1.55),3000(1.91) (1.22),1000(1.55),3000(1.92) 0(1.94)
4 [PO20D80(2.07),150(2.63),1600(1:66),[50(1.9)100(307) 515(1.63)1140(1.73),3{60(3.1).240(1.59) 540(2:2),870(1.99).300
3000(1.89) 000(1.89) 0(1.91)
50(0.73), 80(1.21),
S [120(1.95),180(1.96),500.94)70(1.35),180(3.27),300(1)450|50(0.95),70(1.24) 110(241) 300(1.4) 420
290(0.79),450(1.21),880(1.5),3000(2.01 | 1.25),900(1.49),3000(2.02) (2.04),840(1.73),3000(2.05)
)
g [FO089.700.76),100(0.39),180(1.13) 3(50(15)70(1.23),100(0.42) 210(2.1),3000|50(L51).70(1.01). 90(0.73), 180(1.07),420
00(0.62),450(1.1),830(1.45),3000(2.02) |(0.81),450(1.14),870(1.44),3000(2.03)  |(1.84),840(1.67),3000(2.06)
7 [BO(1:86).80(1.52),105(1.56),300(1.59).4[ 40(1.37).70(0.77) 110(192).300(221),45|50(1.02).0(0.81),110(0.99) 300(2.62) 45
50(1.43),930(1.62),3000(1.94) 0(1.58),930(1.63),3000(1.94) 0(2.42),840(1.87),3000(1.96)
g [38(072)79(20),110(2.49)220(2:59)4[50(0.91),110(3) 300(3:31).900(1.71).300|60(0.87).110(16).300(3.93) 420(2.92) 84
50(1.71),900(1.7),3000(1.95) 0(1.95) 0(1.97),3000(1.97)
g |70(0:36)10000:62) 210(0:27),360(0:8)7| (0.5, 100(0.74) 210(0.54)330(0.95).7| 40(0.31) 60(0.37).100(0.78) 210(0:25) 36
80(1.32),3000(2.42) 80(1.32),3000(2.42) 0(1.51),780(1.57),3000(2.45)
L0 [P0(0:22)75(0:5,10000:57) 210(0.32)3|50(0.46),80(0.7) 100(0.67) 210(0.62).330|50(0.47).90(0.8) 210(0.3) 360(L45),780(
60(0.77),780(1.31),3000(2.46) (0.95),780(1.31),3000(2.42) 1.55),3000(2.5)
11 [70089.1000.25).21000.41),33000:69),150(0.46),70(1.13) 210(0.8) 330(0.57)780 | 40(0.53),80(0.95) 210(0.38)330(1.20),72
780(1.25),3000(2.58) (1.25),3000(2.59) 0(1.5),3000(2.63)
1o [P0(0:39)70(0.43),110(0:2)180(0.42),33|70(1.31). 90(061),110(0.24).210(0.71) 30 |50(0.68).70(0.91).90(1.22),180(0.39) 330
0(0.49),720(1.17),3000(2.74) 00.63),720(1.17),3000(2.75) (0.92),720(1.44),3000(2.79)
13 [F00:33).110017).150(0.19).72000.99),[60(0.12),80(0.41).110(0.22) 240(0.47),70|59(0.1) 80(0.25).110(0.15),150(0.14) 420
3000(3.08) 0(0.99),3000(3.09) (1.21),660(1.26),3000(3.13)
14 [70(0:69,1000:3)180(0.3)465(0.72),66| 70(0.87), 100(0.35).210(0.51,360(0.76).4| 70(0.62),90(0.5),180(0.27)4051.22).300

0(0.79), 3000(3.21)

35(0.75),660(0.79),3000(3.22)

0(3.26)
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Table 4.4 Results of seiche data analysis computed in Gamcheon Harbor
(after resonant breakwater, S15~S28)

of
data

Resonant Period in min.(relative amplitude ratio)

ESE-After B/W

SSE-After B/W

S10°W-After B/W

15

50(0.19),70(0.4),110(0.21),180(0.45),2
85(0.29),420(0.28),3000(3.66)

70(0.51),110(0.27),210(0.77),300(0.37),4
05(0.29),3000(3.67)

50(0.42),105(0.2),180(0.41),300(0.48),40
5(0.48),3000(3.73)

16

70(0.28),180(0.4),450(1.3),780(1.89),3
000(3.96)

70(0.37),180(0.63),420(1.36),780(1.89),3
000(3.98)

60(0.27),180(0.36),420(2.21),720(2.28),3
000(4.03)

17

70(0.04),120(0.27),180(0.12),450(1.11)
,780(1.78),3000(3.93)

40(0.06),60(0.08),90(0.09),120(0.33),210(
0.19),450(1.15),780(1.78),3000(3.94)

60(0.07),90(0.18),120(0.21),180(0.11),42
0(1.84),720(2.13),3000(4)

18

50(0.11),70(0.21),110(0.29),180(0.3),3
60(0.49),840(1.31),3000(3.79)

60(0.28),90(0.25),110(0.36),180(0.48),36
0(0.56),840(1.3),3000(3.8)

55(0.23),90(0.48),110(0.27),180(0.27),33
0(0.75),780(1.54),3000(3.85)

19

50(0.09),70(0.21),100(0.07),210(0.26),
260(0.85),840(1.36),3000(3.81)

50(0.2),70(0.26),110(0.09),210(0.5),360(1
.01),840(1.36),3000(3.82)

50(0.21),90(0.3),225(0.23),360(1.61),780
(1.61),3000(3.87)

20

70(0.2),110(0.4),210(0.43),360(1.01),8
10(1.4),3000(3.82)

40(0.23),70(0.25),110(0.48),210(0.83),33
0(1.21),810(1.4),3000(3.83)

40(0.23),70(0.17),90(0.4),110(0.35),210(
0.39),360(1.9),780(1.66),3000(3.89)

21

40(0.15),70(0.26),110(0.34),210(0.1),3
60(0.7),840(1.27),3000(3.78)

40(0.33),70(0.34),110(0.4),210(0.2),360(0
.83),840(1.27),3000(3.79)

40(0.38),70(0.24),90(0.18),110(0.29),360
(1.32),780(1.49),3000(3.84)

22

40(0.19),70(0.59),110(0.35),180(0.35),
450(0.67),660(0.61),3000(3.32)

40(0.37),70(0.73),110(0.41),180(0.56),33
0(0.72),420(0.7),660(0.62),3000(3.32)

40(0.47),70(0.52),90(0.44),110(0.3),180(
0.32),360(1.13),420(1.14),3000(3.37)

23

70(0.81),110(0.23),180(0.49),300(0.31)
,720(1.07),3000(2.92)

70(1.04),110(0.28),180(0.77),300(0.41),7
20(1.07),3000(2.92)

50(0.37),80(1.02),100(0.26),180(0.44),30
0(0.54),720(1.31),3000(2.97)

24

40(0.21),70(0.75),110(0.52),180(0.39),
330(0.74),780(1.29),3000(2.51)

70(0.99),110(0.63),180(0.61),330(0.93),7
80(1.28),3000(2.52)

40(0.44),90(1.32),110(0.48),180(0.35),33
0(1.38),780(1.53),3000(2.55)

25

70(0.44),100(0.82),180(0.78),390(0.88)
,780(1.35),3000(2.34)

70(0.6),100(0.96),180(1.23),360(1.03),78
0(1.35),3000(2.34)

40(0.1),100(0.81),180(0.71),360(1.64),78
0(1.6),3000(2.38)

26

40(0.39),70(0.8),100(0.47),180(0.37),4
20(0.81),810(1.31),3000(3.06)

40(0.67),70(1.06),100(0.54),180(0.57),36
0(0.89),780(1.31),3000(2.3)

40(0.87),90(0.99),180(0.33),390(1.45),78
0(1.56),3000(2.33)

27
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