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Abstract : In this study, probabilistic models for the wave- and lifting forces were derived directly from long-
term in-situ wave data embedding the Korean marine environment characteristics varying from sea to sea based
on the Three-Parameter Weibull distribution. Korean marine environment characteristics varying from sea to
sea carved out their presence on the probability coefficients of probabilistic models for wave- and lifting forces.
Energetic wave conditions along the southern coast of Korea distinguish themselves from the others with a
relatively large scale coefficient, small location coefficient, and shape coefficient around 1.3. On the other hand,
mild marine environment along the western coast has a small variability, leading to small scale-coefficient, large
location coefficient and shape coefficient around 2.0. In the sea off Mokpo, near the boundary between the South-
and West Seas, marine environment was characterized by small scale-coefficient, large location coefficient, and
shape coefficient around 1.2, implying that marine environments characteristics of the South-and West Sea coexist
in the sea off Mokpo.

Keywords : wave force distribution, lift force distribution, three-parameter weibull distribution, scale coefficient,
shape coefficient, location coefficient
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(a) plan view

(b) side view

Fig. 1. Definition sketch of physical parameters affecting the
impulsive wave force on the vertical type breakwater
using Caisson [reproduced from Goda (2000)].
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Fig. 2. Time series of measured H,,,y, Fy, and F, from 1979.1.1. to 2019.12.31.
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Table 1. List of probability coefficients of 3-parameter Weibull distribution for wave force F,, and lifting force F, [HaeunDae]

Scale coefficient [N]

Shape coefficient Location coefficient [N]
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Fig. 7. Time series of measured H,,,y, Fy, and F,, from 1979.1.1. to 2019.12.31.
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Table 2. List of probability coefficients of three-parameter Weibull distribution for wave force F,, and lifting force F [YeoSu]

Scale coefficient [N]
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Fig. 15. Comparison of Weibull distribution of F,; with in-situ data.
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Fig. 16. Probability density function of F,.

Table 3. List of probability coefficients of 3-parameter Weibull distribution for wave force F,, and lifting force F, [MokPo]

Scale coefficient [N] Shape coefficient Location coefficient [N]
Fy, 331080.65 1.20989 478381.12
F, 99844.53 1.19616 137864.19
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Fig. 17. Time series of measured H,,,y, Fy, and F, from 1979.1.1. to 2019.12.31.

Machine Learning Toolbox % & th7}s=H[MLE, Maximum [GRID NO 42-1]. Fig. 18(a)°ll= ot AlF 7HA 0.2 ASH 3}
Likelihood Estimates] S &H-8-5}o] AH&$t 3-parameter Weibull FS o R ok g A5, Fig. 18(b)oll 41702] \d FHoj

-3 9] 85 W9l Location, Scale, Shape CoefficientE 55 IS g o R o 35 Al 5 EAISAY Fig. 18(b)e]]
stk A AP oz HE ] Agle Il [m], 92 WA F7]E Y
Ehdich
334 22 OS] W Aol NWW Ao ks 2

Fig. 17912 Hyx, 2H 23 W 98 Fy, 42 F 9 gk = glom, 3 Wiks Ao vott sw 741
1979.1.1.5-E1 2019.12317}4] 2] A A A& %_- wmAEAT R v 2 o] 3 AF Aol dx dod



Syt sl sjkadel A48 S !

0 0
330 3x10%_ 30 330 30
6
o
300 60 4 60
2
270 190 (0] 90
Q
240 120 240 % 120
210 150 210 150
180 180
(@) Hyyx measured every hour (b) Yearly maximum wave height H,,, 5 [m]
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5
4
3
2
1
9
Hinax [m] 10 Wave Period [s] Hypax (Ml i Wave Period [s]
(a) Histogram plot of Joint distribution of (b) Contour plot of Joint distribution of
Hypy x and its associated period 7, x Hypyx and its associated period 77,

Tpeak [s]

(c) Correlation between yearly maximum wave
height H,,, x and its associated period

Fig. 19. Joint distribution of yearly maximum wave height H,,y and its associated period 7,,,,, and the inter-correlation between H,,, and
T

oF 2= gl o}, k19 A7l NWW A% stehe AJsishe 2
©% nolxi gkor olzg 4L Ak A
ANale] aerzgo] vl AaA S gahs ALe shelgi,

Fig. 19913 Hyn® 7] T O AREE 2L Hy 9 5 Hlau = 10052 5T = 38168 a7
7] ARl SAEA AnE SANoH, Basl £88 Fig 20,2105 Fy9h F9) SRR XS} T} SBEEE 4



32 85

x10°8 B
—— 10
= —in-situ data
S 4 —3-parameter Weibul =
E - 2-parameter Weibul S
3 = s
&3 S
Fy S
‘% \ é’ —in-situ data
5 [\ ® — 3-parameter Weibul
Q 2 2 — 2-parameter Weibul
.Ef‘ 8 4 0—1
:
81 3
S O
Q.
0 5 10 15 6 8 10 12
F, [N] x10° F [N] x10°
(a) Probability density function (b) Cumulative Probability distribution
Fig. 20. Comparison of Weibull distribution of F,; with in-situ data.
-5
15210 100
- Jin-situ data
S — 3-parameter Weibull &
E - 2-parameter Weibul ks
5] - S
L 1 Q
> S
k%) ‘é’ —in-situ data
5 o 107 — 3-parameter Weibul
?\ = — 2-parameter Weibul
Sos 3
g S
o O
Q.
0 1 2 3 4 1.5 2 2.5 3 3.5
F,, [N] x10° F\ [N] x10°
(a) Probability density function (b) Cumulative Probability distribution

Fig. 21. Probability density function of F).

Table 4.1. List of probability coefficients of Three-parameter Weibull distribution for wave force Fy, and lifting force F, [GunSan]

Scale coefficient [N] Shape coefficient Location coefficient [N]
F, 326887.93 2.18946 436474.79
F, 99184.69 2.18795 123956.31

Table 4.2. List of probability coefficients of Two-parameter Weibull distribution for wave force Fj, and lifting force F) [GunSan]

Scale coefficient [N] Shape coefficient
Fy, 784358.42 5.39834
F, 229357.57 5.19711
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Fig. 22. Time series of measured H,,,y, Fy, and F), from 1979.1.1. to 2019.12.31.
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Table 5.1. List of probability coefficients of Three-parameter Weibull distribution for wave force Fy, and lifting force F,, [InCheon]

Scale coefficient [N]

Shape coefficient Location coefficient [N]

F, 309816.08
F, 80112.89

1.99796
1.70326

282273.38
91393.08

Table 5.2. List of probability coefficients of Two-parameter Weibull distribution for wave force F,, and lift F, [InCheon]

Scale coefficient [N]

Shape coefficient

F, 612751.48
F, 179578.32

4.0295
3.8733
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