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ABSTRACT: In this paper time series wave data, which were measured at the Draupner platform in the North Sea on 1995, are used fo
investigate statistical characteristics of nonlinear wave. Various statistical properties based on time and frequency domain are examined. The
Gram-Chalier distribution fits the probability of wave elevation better than the Gaussian distribution. The skewness of wave profile is 0.393 and the
kurtosis is 4.037 when the freak wave is occurred. The nonlinearity of D1520 data is higher than two adjacent wave data. Al index of the New
Year Wave is 2.11 and the wave height is 25.6m. The zero crossing wave period of the New Year Wave is 12.5s which is compared to the average
zero up-crossing period 11.3s. The significant steepness of wave data is 0.077 when the freak wave was occurred. H1/3/n, does not increases as the
kurtosis increases and the values is close to 4. The New Year Wave belongs to highly nonlinear wave data packet but the Al index is within linear

focusing range.
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Fig. 1 Time series of surface elevation for the Draupner 1420
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Fig. 3 Time series of surface elevation for the Draupner 1620
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Table 1 Various statistical characteristics of surface elevations

Description D1420 D1520 D1620

Duration (s) 1200 1200 1200

Sampling frequency (Hz) 2133 2133 2133

Average of surface elevation n  -0.006 0.001 0.001

RMS of surface elevation n,(c)  3.000 2.986 3.026

Skewness of surface elevation (y) -0.221 0.393 0.218

Kurtosis of surface elevation (r) 2.974 4.037 3.263
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Fig. 4 Probability distribution of surface elevation for the Draup-
ner 1420
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Table 2 Summary of various wave statistical characteristics from
time series of surface elevation.

Description D1420 D1520 D1620
Duration (s) 1200 1200 1200
Sampling frequency (H.) 2133 2133 2133
Average zero-upcrossing period T (s) 12.733 11.279 12.577
Number of waves 93 105 94
Mean wave height Hy (m) 7831 7124 7567
RMS of wave height Hy,s (m) 8.6274 8197 8547
Maximum wave height Hy. (m) 20197 25585 20.460
Zero-upcrossing period of maximum 15560 12496 14.287
wave Thux (S)
Significant wave height Hi/s (m)  11.658 11.576 12199
Significant wave period Ti/s (s) 13814 7.761 11.772
Highest 1/10 wave height Hi/;o (m) 14125 14.505 15.3880
Average period of 1/10 wave height 15800 11.922 13.098
T1/10 (s)
Hya/Hiys 1732 2210 1.677

Table 3 Probability of wave height distribution p(H) for D1420,
D1520 and D1620.

Wave Height p(H)
D1420 D1520 D1620
0.0~1.0 0 0.01887 0.02105
1.0~2.0 0.06383 0.0566 0.05263
20~3.0 0.05319 0.07547 0.03158
3.0~4.0 0.04255 0.11321 0.06316
4.0~5.0 0.06383 0.07547 0.10526
5.0~6.0 0.07447 0.10377 0.10526
6.0~7.0 0.09574 0.07547 0.11579
7.0~8.0 0.05319 0.04717 0.12632
8.0~9.0 0.15957 0.10377 0.04211
9.0~10.0 0.12766 0.07547 0.08421
10.0~11.0 0.07447 0.09434 0.04211
11.0~12.0 0.08511 0.06604 0.04211
12.0~13.0 0.04255 0.0283 0.04211
13.0~14.0 0.02128 0.0283 0.04211
14.0~15.0 0.01064 0.00943 0.04211
15.0~16.0 0 0 0
16.0~17.0 0.01064 0 0.01053
17.0~18.0 0 0.00943 0.01053
18.0~19.0 0 0 0
19.0~20.0 0 0 0
20.0~21.0 0.01064 0 0.01053
21.0~22.0 - 0 -
22.0~23.0 - 0 -
23.0~24.0 - 0 -
24.0~25.0 - 0 -
25.0~26.0 - 0.00943 -
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Table 4 Various characteristics of wave spectrum

Description D1420 D1520  D1620
Duration (s) 1200 1200 1200
Sampling frequency (H,) 2133 2133 2133
Mo 89386  8.8838  9.0555
m 07190  0.7448  0.7139
my 00712 00764  0.0681
Average period T; 12432 11928  12.685
Peak frequency f, 00575  0.0675  0.0575
Significant wave height H, (m) 11.959  11.922  12.037
Average zero Tup—(cs;ossmg period 11203 10785 11508
Spectrum bandness (v) 0.481 0473 0.459
Significant steepness (Ss) 0.066 0.071 0.063
Hiys/Hs 0.975 0971 1.013
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Fig. 7 Comparison of wave Spectrum of D1420

400 —

300 f—

/I D1520
— — — - JONSWAP(y=1.52)

[y
(DZOO —

100 =

0lIIIIIIIIIIIIIIIIIIIIIIIII

0 0.05 0.1 0.15 0.2 0.25
f

Fig. 8 Comparison of wave Spectrum of D1520
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Fig. 13 Wave period and wave height relation for the Draupner 1420
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Fig. 14 Wave period and wave height relation for the Draupner 1520
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Fig. 15 Wave period and wave height relation for the Draupner 1620
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Table 5 Hij3/n, vs. k kurtosis of surface elevation

Description D1420 D1520 D1620
Hiys/ng 3.886 3.872 4.031
Kurtosis of surface 2974 4037 3263
elevation (k)
5 —
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| - --- ER
i Exp. data (Mori 2004)
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Fig. 16 Hi/3/n, vs. kurtosis of Draupner data
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Table 6 Significant steepness and spectrum bandwidth

Description D1420 D1520  D1620
Spectrum bandwidth (v) 0.481 0.473 0.459
Significant steepness (Ss) 0.066 0.071 0.063
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