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Abstract - In this paper time series wave data which contain a freak wave is investigated. Various wave char-
acteristics are compared between wave data with a freak wave and without. Among 24 hour wave data mea-
sured in the Yura Sea, two adjacent 30 min wave data with and without a freak wave are examined intensively.
It is seen that the highest waves do not have the longest wave period. The wave period of the longest period
waves is a little longer than the average wave period and much shorter than the significant wave period.
Although the sea state is quite high, the Rayleigh distribution fits well to the probability of wave height. The
characteristics of the wave spectra do not change much, but the nonlinearity increases for the wave data with
a freak wave. The significant wave height without a freak wave is larger than that with a freak wave. Hence,
the higher significant wave height does not always increase the probability of the occurrence of the freak waves.

Keywords: thx1 % 3(Large Amplitude Wave), Freak wave, 3l %F3 34315 3 (Ocean Wave height distribution),
A2 E (Rayleigh distribution), 113457 3837 (wave height-period relation)
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TN, freak wave?) BB B o|2F 0T A9 BIlsd Ao
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3L, freak waver AZtRT} Ho] SART= Aog 9=
A =S STH(Lin & Pinho, 2002).
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Fig. 1. Wave elavation in 30 minutes which contains an extreme freak
wave. Hug=10.39 m and H;5=4.89 m giving Hpe/Hi5=2.12. Wave data
from Yura Sea in Japan (1990) (D0012401-W05).
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Fig. 2. The most extreme freak wave shown in context of the 30-min
record, and in detail. Hpnp,=10.39 m, Tz=8.18 and H,5=4.89 m giving
Huma/H15=2.12. Wave data from Yura Sea in Japan (1990) (D0012401-
WO05).
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Table 1. Characteristics of 30 minute wave record (D0012401-W05)
which contains highest wave height during 24 hour measurments at

the Yura Sea, Japan on Jan. 25, 1990

Characteristics of wave record D0012401-W05

Number of zero crossing 234
Number of waves 233
Significant wave height (H;;3) 4.89 m
Significant wave period (T1;) 933 s
Highest 1/10 wave height 631 m
Average wave height 302 m
Average wave period 773 s
Maximum Wave height 1039 m
Wave period of maxumum wave height 8.18 s
RMS of wave height 34542 m

Table 2. Probability of wave height distribution. p(H) and cumulative
wave height distribution P(H). Ray denotes values from the Rayleigh
distribution. (D0012401-W05)
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Fig. 3. Wave height distribution (D0012401-W05).
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Wave Height Occurrence  p(H) p_Ray P(H) P_Ray
0.0~0.5 9 0.07725 0.04169 0.03863 0.02073
0.5~1.0 16 0.13734 0.11993 0.10730 0.08039
1.0~1.5 17 0.14592 0.18381 0.18026 0.17186
1.5~2.0 29 0.24893 022693 0.30472 0.28483
2.0~2.5 26 0.22318 0.24674 0.41631 0.40774
2.5~3.0 27 023176 0.24457 0.53219 0.52965
3.0~3.5 25 0.21459 0.22478 0..63949 0.64180
3.5~4.0 29 0.24893  0.19342 0.76395 0.73840
4.0~4.5 13 0.11159 0.15677 0.81974 0.81679
4.5~5.0 10 0.08584 0.12017 0.86266 0.87696
5.0~5.5 16 0.13734  0.08735 0.93133 0.92076
5.5~6.0 2 0.01717 0.06034 0.93991 0.95106
6.0~6.5 7 0.06009 0.03966 0.96996 0.97101
6.5~7.0 4 0.03433 0.02485 0.98712 0.98354
7.0~7.5 1 0.00858 0.01484 0.99142 0.99103
7.5~8.0 1 0.00858 0.00846 0.99571 0.99532
8.0~8.5 0 0 0.00461 0.99571 0.99765
8.5~9.0 0 0 0.00240 0.99571 0.99887
9.0~9.5 0 0 0.00119 0.99571 0.99948
9.5~10.0 0 0 0.00057 0.99571 0.99977

10.0~10.5 1 0.00858 0.00026 1.00000 0.99990
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Fig. 4. Cumulative Wave height distribution (D0012401-W05).

Table 3. Top ten highest wave and their periods. (D0012401-W05)

rank H T,
1 10.393 8.18
2 7.673 8.29
3 7.062 8.15
4 6.901 10.16
5 6.842 10.08
6 6.72 8.51
7 6.564 9.55
8 6.413 9.84
9 6.364 9.56
10 6.305 9.81
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Table 4. Top ten longest period waves and their heights. (D0012401-W05)
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Table 5. Characteristics of a wave spectrum. (D0012401-W05)

rank T, H
1 14.07 3.858
2 12.56 2.764
3 12.39 3.096
4 12.33 3.858
5 12.29 3.512
6 12.28 1.861
7 12.14 3.223
8 11.96 2.999
9 11.96 2.652
10 11.80 3.424
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Fig. 5. Wave height and wave period relation (D0012401-W05).
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Fig. 6. Wave spectrum (D0012401-W05).

A=Y EAQ FAX S5 BB 714 mee 29
ERY nAlZHE]| Y, H=4(m,)*Z 3235} Table 60 ~¥
=) 2 HASHICh HyyH, 98 W8 ALE ekl o

ghelElojn], A¥HQ A Z] 1.0& 7HXA HI 1.0014 Ho
GE vl AR diFRe] Sguil B9 0.9004 1.0
Al9) #hE 77 ©H, 524 Rayleigh?=¥9] gefulelz AR
g o= Ith(Kim, 1988).

Characteristics of Wave spectrum

m, 1.7152

my 0.2130

m, 0.0316

H; 524 m

T, 7.37 s

T, (mean) 8.04s
f, (peak) 0.0950 5!

v (bandwidth) 0.4380

S; (steepness) 0.0667

His/Hs 0.933

Table 6. Wave Spectrum (D0012401-W05)

f S(H) f S()
5.00E-03 2.00E-01 2.55E-01 8.15E-01
1.50E-02 1.60E-01 2.65E-01 1.13E+00
2.50E-02 1.35E-01 2.75E-01 6.10E-01
3.50E-02 1.13E-01 2.85E-01 4 45E-01
4.50E-02 1.50E-01 2.95E-01 4.99E-01
5.50E-02 1.83E-01 3.05E-01 3.32E-01
6.50E-02 6.60E-01 3.15E-01 3.72E-01
7.50E-02 5.92E+00 3.25E-01 3.62E-01
8.50E-02 2.28E+01 3.35E-01 2.12E-01
9.50E-02 3.58E-+01 3.45E-01 2.94E-01
1.05E-01 2.53E+01 3.55E-01 1.71E-01
1.15E-01 1.74E+01 3.65E-01 1.84E-01
1.25E-01 1.66E+01 3.75E-01 1.75E-01
1.35E-01 9.06E+00 3.85E-01 1.52E-01
1.45E-01 7.82E+00 3.95E-01 9.40E-02
1.55E-01 4.77E+00 4.05E-01 1.39E-01
1.65E-01 3.44E+00 4.15E-01 1.75E-01
1.75E-01 3.44E+00 4.25E-01 1.02E-01
1.85E-01 2.28E+00 4.35E-01 8.57E-02
1.95E-01 1.86E+00 4.45E-01 8.19E-02
2.05E-01 1.57E+00 4.55E-01 1.50E-01
2.15E-01 1.50E+00 4.65E-01 9.88E-02
2.25E-01 1.34E+00 4.75E-01 6.72E-02
2.35E-01 9.97E-01 4.85E-01 1.13E-01
2.45E-01 1.15E+00 4.95E-01 7.62E-02
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Table 8. Probability of wave height distribution. p(H) and cumulative
D0012501-W06 wave height distribution P(H). _Ray denotes values from the Rayleigh
. : ‘ distribution. (D0012401-W06)
5 i Wave Height Occurrence  p(H) p_Ray P(H) P_Ray
g 0 0.0~0.5 7 0.06278 0.04089 0.03139 0.02034
o
£ 0.5~1.0 12 0.10762 0.11772 0.08520 0.07891
=t AL o 1.0~1.5 19 017040 0.18072 0.17040 0.16884
’ 1.5~2.0 27 0.24215 0.22366 0.29148 0.28019
2.0~2.5 28 0.25112 0.24397 0.41704 0.40172
N 2.5~3.0 23 0.20628 0.24280 0.52018 0.52276
9200 9600 o0 10400 10800 3.0~3.5 27 024215 0.22424 0.64126 0.63463
Fig. 7. Time history of lavation in 30 minutes after the freak 3.5~4.0 20 0.17937 0.19405 0.73094 0.73155
ig. 7. Time history of wave elavation in 30 minutes after the frea
wave. Huu=7.93 m and His=4.96 m giving Hye/His=1.60. Wave 4.0~4.5 23 0.20628 0.15831 0.83408 0.81069
data from Yura Sea in Japan (1990) (D0012501-W06). 4.5-5.0 6 005381 012223 086099 087188
5.0~5.5 11 0.09865 0.08957 0.91031 0.91678
g 5.5~6.0 6 0.05381 0.06242 0.93722 0.94813
D0012501-W06 6.0~6.5 3 0.02691 0.04144 0.95067 0.96896
. . 6.5~7.0 6 0.05381 0.02623 0.97758 0.98218
5 / N 7.0~7.5 3 0.02691 0.01585 0.99103 0.99018
g o 7.5~8.0 2 0.01794 0.00915 1.00000 0.99481
@
g / . T
z — N
4 03 —
8 025 — s
9824 9828 9832 9836 7
t 42 —
Fig. 8. The most highest wave in the 30-min record in wave record T 7 D0012501-C06
D0012401-W06 in detail. Hyey=7.93 m, Tz=9.69s. T 015 —
0.1 —
Table 7. Characteristics of 30 minute wave record (D0012401-W06) ~
which follows right after the freak wave at the Yura Sea, Japan on 0.05 —
Jan. 25, 1990. ]
Characteristics of wave record D0012401-W06 0 L L L N R N R
Number of zero crossing 224 a 2 4 6 8 10 12
Number of waves 223 H
Significant wave height (H, ) 4.96 m Fig. 9. Wave height distribution (D0012401-W06).
Significant wave period (T1) 9.65s
Highest 1/10 wave height 6.4l m
Average Wave height 3.08 m
Average wave period 8.07s 1 —
Maximum Wave height 7.93m -
Wave period of maxumum wave height 9.69 s 08 —
RMS of wave 3.4881 m —
06 —
il B D0012501-C06
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Fig. 10. Cumulative Wave height distribution (D0012401-W06).
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Table 9. Top ten highest wave and their periods. (D0012401-W06)
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Table 11. Characteristics of a wave spectrum. (D0012401-W06)

rank H T,
1 7.932 9.693
2 7.575 9.656
3 7.219 10.082
4 7.072 9.542
5 7.004 9.243
6 6.891 10.917
7 6.828 10.657
8 6.818 8.624
9 6.784 7.785
10 6.613 8.528

Table 10. Top ten longest period waves and their heights. (D0012401-
W06)

rank T, H
1 13.148 3.736
2 13.113 4.093
3 13.05 3.346
4 13.02 3277
5 12.812 3.302
6 12.704 3.282
7 12.636 3.053
8 12.472 3.38
9 12.422 2.96
10 12.374 3.961
12
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Fig. 11. Wave height and wave period relation (D0012401-W06).
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12. Wave spectrum (D0012401-W06).
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Characteristics of Wave spectrum

m, 1.7055

m; 0.2090

m, 0.0308

H, 522m

T, 744 s

T (mean) 8.15s
f, (peak) 0.0950 5!

v (bandwidth) 0.4460

S; (steepness) 0.0652

His/Hg 0.950

Table 12. Wave Spectrum (D0012401-W05)

f S(f) f S(f)
5.00E-03 7.64E-02 2.55E-01 1.13E+00
1.50E-02 6.99E-02 2.65E-01 7.00E-01
2.50E-02 6.14E-02 2.75E-01 6.51E-01
3.50E-02 3.89E-02 2.85E-01 7.94E-01
4.50E-02 4.07E-02 2.95E-01 4.67E-01
5.50E-02 7.88E-02 3.05E-01 2.44E-01
6.50E-02 7.39E-01 3.15E-01 1.66E-01
7.50E-02 8.55E+00 3.25E-01 2.69E-01
8.50E-02 3.36E+01 3.35E-01 2.90E-01
9.50E-02 4.03E+01 3.45E-01 2.73E-01
1.05E-01 1.20E+01 3.55E-01 1.95E-01
1.15E-01 1.50E+01 3.65E-01 1.69E-01
1.25E-01 1.37E+01 3.75E-01 1.41E-01
1.35E-01 6.71E+00 3.85E-01 1.08E-01
1.45E-01 4.96E+00 3.95E-01 1.36E-01
1.55E-01 6.11E+00 4.05E-01 1.37E-01
1.65E-01 5.59E+00 4.15E-01 6.98E-02
1.75E-01 5.25E+00 4.25E-01 1.29E-01
1.85E-01 1.78E+00 4.35E-01 1.05E-01
1.95E-01 2.48E+00 4.45E-01 7.92E-02
2.05E-01 1.85E+00 4.55E-01 8.20E-02
2.15E-01 1.77E+00 4.65E-01 7.39E-02
2.25E-01 1.17E+00 4.75E-01 8.40E-02
2.35E-01 1.31E+00 4.85E-01 7.74E-02
2.45E-01 7.29E-01 4.95E-01 9.40E-02

Fig. 12¢ D0012501-W06512A152] d&h AHERS EAS)
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The data used in this paper were obtained from 'At-sea
Experiment of a Floating Offshore Structure’ by Ship Research
Institute, Ministry of Transport, Japan.
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