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A Study on the VLCC’s Handling to Avoid Heavy
Weather of the North Pacific in Winter.
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ABSTRACT

In the North Pacific Ocean a lot of large waves set up in winter, affected by co-
ntinued winds and swells owing to severe extratropical cyclones,

Under this sea condition, if the ship is about 100, 000 L T(in deadweight capacity
tonnage), we can’'t find the danger involved in the ship at sea apparently., But when
we compare the seaworthiness of ship’s building strength with the stress given to
the hull by waves, we can’t insist that the former be more stronger than the latter,

As a result, VLCC is in danger of destroying and cutting for lack of fongitudinal
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strength in heavy weather.

Up to this time, Naval Architects have actively studied the relation between ship’s
longitudinal strength and waves as a ship’s projector; however, actually, they have
never made more profound study on the problem of longitudinal strength in relation
to navigation.

The main purpose of this thesis is to clarify these vivid actual states of ship’s tr-
- ouble ‘unknown to ship’s masters.

In this thesis we picked up VLCC Pan Yard, a vessel of Pan Ocean Bulk Carrier
company’s, as a model ship. And in the North Pacific Ocean, we have chosen for
this research the basins where the wind speed and the wave height are greater than
average,

The data used this thesis are quoted from the “winds and waves of the North Pa-
cific Ocean(’ 64-’73)”, and wind speed more than 30 knots was made use of as an ob-
Jject of this study.

By using the ITTC wave spectrum, we found out the significant waves for every

5 knots within the range of 20 knots to 45 knots of wind speed. According to this
Hi/1000 Was calculated.

The stress of ship’s hull is determined by ship’s speed and wave height. We co-
mpared the ship's longitudinal strength with a planned wave height by rules of se-
veral famous classification societies in the world.

In the last analysis, we found out that ship‘s present planned strength in heavy
weather is not enough,

Finally we made a graph for avoiding heavy weather, with which we studied safe
ship’s handling in the North pacific Ocean in winter,
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* (O : Points of Shipping Casualty.

V¥, Rough Voyage by Encountering Heavy Weather.
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pij 1 . Area Distribution Where Wave Over 10m Has Been Observed More Then 10 Times in
- Each Month through 10 Years.

*»* %« 2 Area Distribution Where Strong Winds Over 50 knots Has Been Observed More Than

10 Times in Each Month through 10 Years.

Tt ' 3. Area Distribution Where Mean Wind Speed Over 20 knots Has Been Observed.

(77 4. Area Distribution Wherc Mean Wave Heizht Over 3m Has Been Observed.
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TABLE 1 Wave Height due to Wind Speed
. Significant Wave

Wind Speed Waves(H!/3) Mo Height(H!/1000)

20 Knots 3.03(m) 0. 5607 5.57(m) _
25 o 4.27(2) 1.1353 7.92(4) L
0 » 5.40(#) 1.842 10.09(#) -
35 » 6.42(~») : 2.590 11.96(#)

40 - 7.87(#) 3.7513 14.40(»)

45 » 9.14(7») 4. 9926 16.61(#)
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Table 2. Dimensions of MV. PAN YARD.

Lrep 262 m 1..O.A. 272m
B 39.05m Sea Speed 15. 29knots
Ce 0. 840 Main Deck to

DWW 120, 9881.' T Forecastle Deck 2.5m
Depth 20.17m

Full Loaded Draught 16.14m

1. Green Water Flooding®d] 2|8t &5&! Momentt®?

15
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2. Green Water Floodingl| 2|8t =&l Moment2| ¥4

Table 3 Bending Moment by Green Water Flooding(ton—m) of V vs Hw. (unit:10%)

=V knoo)

6 7 8 9 * 10 [ 11 12 13 14 15
Hw ?1 , . }
8m | 0.84 0. 85 1.04 1.00? 1.20\ 1.32l  1.35 105 103 0.9
94 1.85l 1.97 2.27 2.51 2 61} 2.86 2.9 27 2777 274
10~ 3.01 3.21 3.61 3. 95§ 4. 14E 4.54  4.72]  4.49  4.62)  4.66
117 4.23 4.54 5.05 5. 52} 5. 79% 6.28  6.54/ 6.35 6.60] 6.66
124 5.56 5.96 6.57 7. 14} 7. 52} 812 847 831 860 878
13s 7. oo‘ 7. 46‘ 8.24 8. 90% 9. 36} 10.04/ 10.47] 10 39i 10.76]  10.96

Tablesi- aypn - ifskA shan gyl s Green Water Floodings €)% ki Jjol Mi(ton-m)
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APPENDIX

ITTC Standard Wave Spectrumg& F|FH 20 Knote] 4 45 Knotz}z] 5 Knot tHo =
H!/3 5% skstol Tab.{k & A o] Tab. A—1dA ¥¥ Tab.A—67}x]c] = R HEHF=m
3t} Wave Spectrumg- 723 m,& Rt om H/io HEE #% sh5to 2 MEA
Tab, 10)¢},

Tab. A-1 20 knots, 3.03m Tab. A-2 25 knots, 4.27m
fw B/ ¢+ B/, S B/,s Bl S

[(sec™1] O € C()w[m’—secJ ©x© O e (m?-sec) ®x©®
@ ) ©) @ ® ® @ &y @ ® ®
0.2 211.117 o 0 1 o0 106.606 0 0 1 0
0.3 41.821 0 0 4 0 21.058 0 0 4 0
0.4 13.232 1.79x107%1.36x10722.72x10-* 6.663 1.28x1072 0.10 2  0.20
0.5 5.420 4.43x10°® 0.11 4 0.44 2.729 0.065 1.62 4 6.28
0.6 2.613 7.33x10°2 0.73 2 1.46 1.316 0.268 2.69 2 5.38
0.7 1.411 0.244 1.13 4 4.52 0.710 0.492 2.28 4 9.12
0.8 0.827 0.437 1.04 2 2.08 0.416 0.660 1.57 2 3.14
0.9 0.516 0.597 0.79 4 3.16 0.260 0.771 1.02 4 4.08
1.0 0.339 0.712 0.56 2 1.12 0.171 0.843 0.66 2 1.32
1.1 0.231 0.794 0.388 4 1.52 0.117 0.890 0.43 4 1.72
1.2 0.613  0.850 0.27 2 0.54 0.082 0.921 0.29 2 0.58
1.3 0.119 0.888 0.19 4 0.76 0.060 0.942 0.20 4 0.80
1.4 0.088 0.916 0.13 2 0.26 0.044 0.957 0.14 2 0.28
1.5 0.067 0.935 0.10 4 0.40 0.034 0.967 0.10 4 0.40
1.6 0.052 0.947 0.07 2 0.14 0.026 0.974 0.07 2 0.14
1.7 0.041 0.960 0.05 4 0.2 0.020 0.980 0.05 4 0.20
1.8 0.032 0.969 0.04 2 0.08 0.016 0.984 0.04 2 0.08
1.9 0.026 0.974 0.03 4 90.12 0.013 0.987 0.03 4 0.12
2.0 0.021 0.979 0.02 1 0.02 0.011 0.989 0.02 1 0.02

Sum, 16.82 Sum, 34.06
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Tab. A-3 30 knots, 5.40m Tab. A-4 35 knots, 6.42m
fw B, Bt S@w . Bis Byt SCwd .
(sec '] € (m?-sec] WX € (m?-sec) Wx®
@© @ 3 @ & ® 2) 3 @& ® ©
0.2 66.658 0 0 1 0 47.159 0 0 1 0
0.3 12.167 1.9x107% 6x107* 4 0 9.315 9x10°° 0.03 4 0.12
0.4 4.166 0.016 1.22 2 2.44 2.947 0.062 3.96 2 7.92
0.5 1.706 0.182 4.54 4 18.16 1.207 0.299 7.46 4 29.84
0.6 0.823 0.439 4.40 2 8.80 0.582 0,559 5.83 2 11.66
0.7 0.444 0.641 2.97 4 11.88 0.314 0.731 3.39 4 13.56
0.8 0.260 0.771 1.83 2 3.66 0.184 0.832 1.98 2 3.96
0.9 0.163 0.850 1.12 4 4.48 0.115 0.891 1.18 4 4.72
1.0 0.107 0.899 0.70 2 1.40 0.075 0.928 0.72 2 1.44
1.1 0.073 0.930 0.45 4 1.80 0.052 0.949 0.46 4 1.84
1.2 0.051 0.950 0.30 2 0.60 0.036 0,965 0.30 2 0.60
1.3 0.037 0.964 0.20 4 0.80 0.026 0.974 0.20 4 0.80
1.4 0.028 0.972 0.14 2 0.28 0.020 0.980 0.14 2 0.28
1.5 0.021 0.979 0.10 4 0.40 0.015 0.98 0.10 4 0.40
1.6 0.016 0.984 0.07 2 0.14 0.012 0.988 0.07 2 0.14
1.7 0.013 0.987 0.05 4 0.20 0.009 0.991 0.05 4 0.20
1.8 0.010 0.990 0.04 2 0.08 0.007 0.993 0.04 2 0.08
1.9 0.008 0.992 0.03 4 0.12 0.006 0.994 0.03 4 0.12
2.0 0.007 0.993 0.02 1 0.02 0.005 0.995 0.02 1 0.02
Sum 55.26 Sum 7.7
Tab. A-5 40 knots, 7.87Tm Tab . A-6 45 knots, 9.14m
fw B/ s —B/QA: S(W,) - o Bl B, SW,) L
(sec™!] " € {m2-sec] @x 9 g e {m?-sec) WX®
@W 2 €) @ ® © 2 & @w ® ©
0.2 31.383 0 0 1 0 23.267 O 0 1 0
0.3 6.199 2x107% 0.64 4 2.56 4.596  0.010 3.21 4 12.84
0.4 1.961 0.141 10.73 2 21.46 1.454 0.234 17.81 2 35.62
0.5 0.803 0.448 11.18 4 44.72 0.596 0.551 13.74 4 54.96
0.6 0.387 0.679 6.81 2 13.62 0.287 0.751 7.53 2 15.06
0.7 0.209 0.811 3.7 4 15.04 0.155 0.856 3.97 4 15.88
0.8 0.123 0.884 2.10 2 4.20 0.091 0.913 2.17 2 4.34
0.9 0.077 0.926 1.22 4 4.88 0.057 0.945 1.25 4 5.00
1.0 0.050 0.951 0.74 2 1.48 0.037 0.964 0.75 2 1.50
1.1 0.034 0.967 0.47 4 1.88 0.025 0.975 0.47 4 1.88
1.2 0.024 0.976 0.31 2 0.62 0.018 0.982 0.31 2 0.62
1.3 0.018 0.982 0.21 4 (.84 0.013  0.987 0.21 4 0.84
1.4 0.013 0.987 0.14 2 0.28 0.010 0.990 0.14 2 0.28
1.5 0.010 0.990 0.10 4 0.40 0.007  0.993 0.10 4 0.40
1.6 0.008 0.992 0.07 2 0.14 0.006 0.994 0.07 2 0.14
1.7 0.006 0.994 0.05 4 0.20 0.0045 0.996 0.05 4 0.20
1.8 0.005 0.995 0.04 2 0.08 0.0035 0.9965 0.04 2 0.08
1.9 0.004 0.996 0.03 4 0.12 0.003  0.997 0.03 4 0.12
2.0 0.003 0.997 0.02 1 0.02 0.002 0.998 0.02 1 0.02
Sum, 112.54 Sum., 149.78
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