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Introduction of w* Type Wave Spectrum and the Brief Consideration of Its Effects
on the Long-Term Predictions

by Tsugukiyo Hirayama, Member Yong-Ho Choi, Member
Yoshiaki Hirakawa, Student Member

Summary

The standard ocean wave spectrum is important for short-term prediction and long-term
prediction of ships or floating structures in waves. The standard wave spectra used until today are
basically based on P-M (Pierson-Moskowitz) type spectrum, that has o™ shape in high frequency or
equilibrium range.

Recently, with the observed data, it has been suggested that the shape of spectrum is w4 instead
of ©-5 shape at high frequency range. Technical committee of ITTC recommended to investigate the
effect of this type of spectrum on ship responses.

In this work, after introducing w* type spectrum, the resultant investigations are reported for the
differences in short-term and long-term predictions of vertical bending moment and vertical
acceleration of a typical ship.
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Table 1 Relation of wave mean periods of spectra

Type PM, {eq. (2)} T, {eqa. (3)} T2, {eq. (4)}
Tp Tp PM=1.298T TpT1=1586T ;
T, T, PM=T T, TE=1.097T7 T,,,:T2u=0.898 T
Ty, T,PM=0922T T,, T2=0755T
T,, (Refer Fig.3) Represent as T, ,:PM Represent as 7, T1 Represent as 7", ,:T 2
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Fig. 1 Spectra of PM type and T1 type
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Fig. 2 Spectra of PM type and T2 type
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Fig. 3 Ratios of mean periods (Tzs) between
PM type and T1 type or T2 type
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Table 2 Principal dimensions of a container ship

and full ship
Item Container Ship Full Ship
L,, [m] 138 250
B [m] 226 50
d [m] 7.8 10.5
x/B 0.35 0.35
K/Lop 0.24 0.24
KG [m] 9.47 11.01
GM [m] 0.98 14.05
G 0.645 0.844
LCG [m] -3.57 7.9195
V [m’] 15690 108980
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Fig 4 Short-term prediction of vertical acceleration [G] at F.P. and vertical bending moments
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T2 ACx LT, AR hVIC K D56 1THEEE 5 %fR
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Table 3 Dimensionless vertical accelerations[G] at

F.P. corresponding to Logl0Q=-8.0 and its
ratios(%)

Along the Singapore Route
Container Ship

All Season Winter
Data
PM T T2 PM Tl T2
1.96 1.86 1.85 2.03 1.93 1.91
GWS
-5.47%| -5.79% -5.11%| -5.88%
. 1.71 1.60 1.61 1.68 1.55 1.57
Hindcast
-6.76%| -5.73% -7.66%| -6.64%
. 2.29 2.16 217 2.30 2.14 2,17
Visual
-6.01%| -5.38% -6.92%| -5.51%
Full Ship
All Season Winter
Data
PM T1 T2 PM T! T?
0.61 0.58 0.57 0.63 0.59 0.59
GWS
-5.35%)| -5.74% -5.48%)| -5.76%
X 0.53 0.50 0.50 0.48 0.47 0.46
Hindcast
-4.74%| -5.55% -1.62%| -3.74%
. 0.79 0.70 0.74 0.78 0.69 0.74
Visual
-11.60%| -5.59% -11.29%| -5.51%
Table 4 Dimensionless bending moments

Ml o gl®B X 10* corresponding to
Logi0Q = -8.0 and its ratios (%)

Along the Singapore Route

Container Ship
All Season Winter
Data
PM Tl T2 PM Ti T2
14.30 13.65 13.60 14.79 14.17 14.04
GWS
-4.54%)] -4.93% -4.15%| -5.01%
. 12.46 11.76 11.86 12.09 11.16 11.44
Hindcast
-5.57%)| -4.78% -7.65%| -5.33%
. 16.59 15.61 15.83 16.59 15.49 15.82
Visual
-5.91%| -4.59% -6.67%| -4.64%
Full Ship
All Season Winter
Data
PM Tl T2 PM Tl T2
8.58 811 8.14 8.84 8.37 8.39
GWS
-5.48%| -5.11% -5.29% -5.11%
. 7.50 7.09 711 6.79 6.87 6.45
Hindcast
-5.37%)| -5.17% 1.11%)] -4.98%
. 10.61 9.52 10.17 10.54 9.53 10.10
Visual
-10.20%| -4.11% -9.60%| -4.13%
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Vertical Acceleration at F.P. [G] Vertical Acceleration at F.P. [G]

Vertical Acceleration at F.P. [G]

Fig.5 Comparison of longterm distribution of vertical acceleration at F.P. for
and Full-Ship (right))
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