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Abstract

When a ship is saling on tne sea. she has the six-degrees of freedom of motion. It

means that she meets a lot of dangerous situations.
Especially, when the VLCC is travelling in irregular
deck-wetness and the propeller rqcing are occured with the sea state she is on.
These are the representative steps that a heave-to and a scudding are used for a ship

sea, the slamming, the

building, but for a predominance in both.

The author intends to clarify this problem theoretically. The methods of statistical

calculation are based with the ITTC spectral formulation and with the assumption that the

wave height histogram follows the Rayleigh distribution.
In this study, the author gives an attention on the relative bow motion to a wave in the

Irregular sea.
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It is verified that the relative displacement at the bow to sea level in the following sea

is less than that in the head sea.

It is confirmed that, therefore, one have to sail with scudding when he is threatened to

heave-to at a rough sea. But he must bear the propeller racing in mind in this case.
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(3 1) Head sea, L =400 (ft) V = 5 (knots )
.
(m) wy ; St (ww) we St (we) RAO St{we)
| |
788 0. 280 j 0.001 | 0.3 0. 000 5. 3885 % 0. 0024
, |
222 | 0.527 ‘ 57. 855 0.6 |  45.324 12.9893 | 588.7256
109 0.752 |  25.687 | 0.9 j 18. 423 19. 5955 361. 0051
67 ‘ 0.959 } o211 | 1.2 6.129 0.7938 4.8650
46 j 1.152 } 3.909 1.5 2.437 4.0140 9.7815
35 ] 1.334 | 1.927 1.8 1.134 0.3543 0.4018
27 1506 | 1. 063 21 0. 594 1. 9609 1. 1652
22 1. 669 ! 0.639 | 2 | 0. 341 0. 5865 0.1998
18 ? 1.826 | 0.410 2.7 0.209 { 1.6972 0.3552
16 1.976 \ 0.277 3.0 0.136 | 0.4942 0.0671
14 2.121 | 0.195 | 3.3 0.092 1. 6567 0.1526
12 2260 | 0.412 3.6 | 6. 065 0. 6889 0. 0446
1 2.395 ! 0.108 3.9 0. 047 1.1027 0.0518
10 ! 2.506 | 0. 081 4.2 0.035 1. 4207 0. 0497
9 j 2. 654 ; 0. 064 4.5 0.027 0.5638 |  0.0150
8 [ 2.777 0. 051 4.8 0.021 L2174 | 0.0263
7 l 2.898 1 0. 041 5.1 0.016 1. 3463 0.0219
7 E 3.015 | 0.034 5.4 0.013 0.5896 = 0.0077
6 | 3.130 } 0.028 5.7 0.011 Luzz | o011
1 |
J .

RMS = /m, = 14.4579 (ft)
(Br)av = 1. 253,/ mo= 18. 1157 {ft)

(Br)is = 2,/ m, = 28. 9158 (ft)

(B 110 = 2. 545y g, = 36. 7953 (ft)
(Br) o = 3. 336,/ mo= 48. 2315 (ft)
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( ®2) Followling sea, L =400 (ft) v =5 ( Knots )
(m) Wy S; (ww) we St (we) RAO J] Sb(we)
571 0. 328 0.473 0.3 0.571 1.5118 i 0.8631
299 0. 454 43. 259 0.4 56. 782 1. 2302 69. 8517
176 0.592 | 51.921 0.5 75.295 | 4. 3406 | 326. 8214
111 0.746 26. 455 0.6 43. 456 J 12. 5369 \ 544. 7985

72 0.924 10. 893 0.7 21.131 11. 5660 [ 244. 4032
47 1. 142 4.075 0.8 10. 161 | 11.9650 | 121.5722
29 1. 456 1.255 0.9 5.3086 1 7.3137 é 38. 8093
11 2. 357 0.115 0.9 0. 485 20. 2203 \ 9. 8152
9 2.671 0.062 0.8 0. 153 6. 2204 ! 0.9545
7 2.889 0.042 0.7 0. 081 6. 9324 } 0. 5591
7 | 3. 067 0. 031 0.6 0. 051 5. 4267 j 0.2750
6 | 3. 221 0. 024 0.5 0.035 2.7142 i 0. 0951
5 3.359 0.020 0.4 i 0. 026 | 1. 2336 \ 0.0317
5 | 3. 485 0. 016 { 0.3 ; 0.020 ’ 3. 0044 é 0. 0592
5 3.601 |  0.014 ‘ 0.2 0.06 | 67719 | 0.1054
4 3.710 ! 0.012 [ 0.1 i 0.013 i 7.0176 j 0. 0884
i | | J | |

RMS = /m, = 1. 7527 (ft)

(Br)ay = 1. 253/ mg = 14. 7261 (ft)
(Br)us = 24/ Mg = 23.5055 (ft)
(Bo)yio = 2. 545/ o= 29, 9107 (ft)
(Br)1/100 = 3.336,/ iy = 39. 5597 (ft)
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(23) Head sea, L =400 (ft) V = 10 ( Knots)
(m) ww Sk (cow) we St (we) RAO Sb(we)
886 0. 246 0. 000 0.3 0. 000 5.1828 0. 0000
268 0. 479 51. 740 0.6 34. 426 12. 0684 415. 4658
138 0. 667 38.735 0.9 22.792 19. 8663 452.8018

88 0.835 16. 915 1.2 9.019 3. 2550 29. 3559
63 0.988 8. 035 1.5 3.946 0. 4544 1.7929
48 1.130 4,283 1.8 1. 960 2.5711 5.0389
39 1. 263 2. 509 2.1 1. 079 1. 4965 1.6149
32 1.389 582 2.4 0. 644 0. 3640 0.2343
27 1. 508 11. 056 2.7 0. 408 1. 5471 0.6328
3 1.621 0.738 3.0 0.273 1.3206 0. 3608
21 1.730 0.535 3. 0. 100 0.5222 0. 0993
18 1.835 0. 400 3.6 0.137 1. 5237 0. 2084
16 1.935 0.307 3.9 0.101 1. 0096 0.1022
15 2.033 0. 240 4.2 0.077 0. 7472 0. 0573
14 2.127 0.192 4.5 0. 059 1. 5588 0.0925
13 2.219 0.155 4.8 0. 047 0.6375 0. 0298
12 2.307 0.128 5.1 0.037 1.2331 0. 0461
11 2.394 0.106 5.4 0.030 1.1843 0. 0359
10 2.478 0. 098 5.7 0.025 0. 6930 0.0172
L

RMS =,/mq = 15. 2149 (ft)

(Br)av = 1. 253,/ mg = 19. 0643 (ft)
(Br) s = 2 /mo= 30. 4298 (ft)
(Br)1/10 = 2. 5454/ Mo= 38,7220 (ft)
(Br)yao = 3. 336,/ mg= 50. 7570 (ft)
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(®E 4) Following sea, L =400 (ft) V = 10 ( Knotis)
(m) ww St (ww) we Se (we) RAO St (we)
2286 0. 164 0. 000 0.15 0. 000 2.8074 0. 0000
1195 0. 227 0. 000 0.20 0. 000 2.3346 0. 0000

703 0.296 0.010 0.25 0.015 1.7412 0. 0261
443 0.373 7.312 0.30 12. 011 1. 1582 13.9118
289 0. 462 46. 257 0.35 89.738 1. 0357 92.9376
189 0.571 54.915 0.40 136. 938 2.6219 359. 0441
116 0.728 28. 939 0.45 122. 381 8.3379 1020. 4000
44 1.179 3. 502 0.45 [ 14. 811 4. 3759 64.8114
35 1. 336 1.913 0. 40 | 4.771 9.1176 | 43. 496!
30 1. 445 1. 303 0.35 2. 527 2.2472 5.6787
26 1.534 0.971 0.30 1. 595 | 2.0554 3.2779
24 1.611 0. 762 0.25 1.105 6. 9224 | 7.6525
22 1. 680 0. 620 0.20 0.813 7. 4536 } 6. 0625
20 ! 1.742 0.516 0.15 0. 624 3.2462 " 2.0252
19 % 1. 801 0.439 0.10 | 0. 494 0. 5647 :‘ 0. 5647
18 | 1. 855 J 0.378 0.05 ! 0. 400 2. 5941 l[ 1. 0374
| J i |

RMS =/, = 7. 0795 (ft)

(Brav = 1. 253y/m,, = 8. 8706 (ft)
(Bis = 2¢/ M, = 14. 1590 (ft)

(B = 2. 454,/ mg = 18. 0174 (ft)
(Br)1/100 = 3. 336/ i10= 23. 8297 (ft)
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(¥5) Head sea, L =400 (ft) V = 15 (Knots)
(m) ww Sc (@) we S (we) RAO Slwe)
981 0.251 0. 000 0.3 0. 000 5.0235 0. 0000
312 0. 445 39.210 0.6 23.072 11. 2508 259. 5793
166 0. 609 49.139 0.9 25.101 18. 1852 456. 4740
108 0.753 25. 477 1.2 11. 657 6. 1844 71.8613

79 0. 885 13. 196 1.5 5.517 0.2779 1 1.5334
61 1.005 7.424 1.8 2.876 0. 6043 % 1.7379
49 1.118 4.518 2.1 1.638 1.9257 | 3.1541
41 1.223 2.932 2.4 1.003 1. 8265 i 1.8312
35 1323 | 2. 004 2.7 0. 650 0.7617 | 0.4952
31 1.418 1. 427 3.0 0. 442 0. 5497 { 0.2428
27 1. 509 1. 052 3.3 0.312 1.3734 i 0. 4282
24 1.5% | 0.798 3.6 0. 227 15413 | 0.3501
22 1.680 0.619 | 3.9 0. 170 0.7498  0.1273
20 1.761 0.490 | 4.2 0. 130 0.6961 |  0.0305
18 1.839 0.395 4.5 0. 101 1. 4601 % 0.1482
17 1.915 0.323 | 4.8 0.081 ©  1.2930 ; 0. 1041
16 | 1.989 0. 268 5.1 0. 085 0.5047 | 0.3586
15 2.060 0. 225 5.4 0.053 L0155 | 0.35%
14 2.130 0. 190 5.7 0. 044 1. 5264 é 0. 0667
i | | '

RMS = /T, = 15. 0400 (ft)

(Brav = 1. 253/ M., = 18.8451 (ft)
(B = 2/T, = 30. 0800 (ft)

(Br) /10 = 2. 454y mg, = 38. 2768 (ft)
(Br) 1100 = 3. 336,/ Mg = 50. 1735 (ft)
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(¥ 6) Following sea. L =400 (ft) V =15 ( Knots )
T

(m) o S; (ww) we S (we) RAO 3 Spls)
e

1307 0.217 | 0. 000 0.18 0.000 . 24112 0.0000
874 | 0.265 | 0. 000 0.21 0. 000 1.9949 ? 0. 0001
57 | 0.321 ‘ 0.243 | 0.24 | 0.491 |, 1.4999 L 0.m389
407 0. 389 ¥ 13,051 | 027 | 33.660 1 10040 | 33.7941
261 0.485 | 53160 |  0.30 224. 806 ! 0. 9474 { 212. 9706
100 0.78 |  21.637 g 0.30 | 91.500 1 7.9994 | 7319368

79 0. 882 T 13.363 | 0.27 | saaes | 00282 276. 6930

68 ! 0.850 | 9. 610 L 0.24 | 19.425 g 5. 8739 114. 1022

61 ] 1.006 | 7407 | 021 3 12.719 | 3.3787 42.9725

55 1. 054 % 5. 954 0.18 é 9. 042 1. 4954 13.5212

51 1. 097 4.926 0.15 | 6779 | 0.6397 . 43362

48 i 1137 4.163 i 0.12 % 5.277 | 0.8422 3 4.4437
45 1.174 i $.576 | 0.09 | 4.2 1.8787 7.9364

42 1.208 | 3. 114 0.06 | 3. 457 3. 3905 11.7212

RMS =/mo =5 15,4 (f1)

(Bo)av = 1. 253¢'my, = & 4929 (ft)
(Bva = 24/ Mo= 10.3637 (1)

(B jio = 2. 4544/ Mo= 13. 1878 (1t)
(Bo) oo = 3.336/m,, = 17. 4421 (ft)
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(E7) Head sea, L =400 (ft) V =20 ( Knots )
(m) [ W S (ww) We Sz (we) RAQ 5 St (we)
|
1072 ? 0. 240 0. 000 0.3 0.000 48957 | 0.0000
354 0.417 26. 123 0.6 . 13928 | 10.5771 j 147.3235
193 0. 565 85.628 0.9 25.454 | 16.3038 417.2803
128 0. 694 34,078 1.2 13.872 7.6242 105. 7599
94 f 0.811 ' 19.086 1.5 7.067 1. 5104 10. 6736
73 i 0.917 ; 11. 240 1.8 3.843 1 0.1241 | 0.4769
60 | 1.016 | 7.052 21 2.251 0.6814 = 1.5341
50 1.109 E 4. 680 | 2.4 1. 406 1.5814 2. 2241
8 1197 | 3. 253 % 2.7 0. 926 1.8148 1.6813
38 | 1.280 | 2. 350 3.0 0.637 i 1.2429 1 0.7922
33 ! 1.360 | 1.752 3.3 0.455 | 0.539 . 0.2700
30 1436 | 1.341 3.8 0. 334 0. 6524 0. 2180
27 % 1.510 1.050 | 3.9 0.252 | 12835 | 0.3233
%5 | 1.580 | 0.837 4.2 0.184 | L5738 | 0.3054
23 f 1. 649 E 0. 679 45 | 0.152 i 1.1020 0. 1679
a Lns | 0. 559 4.8 0.122 0. 5888 0.0716
19 L7719 0.466 | 5.1 0.098 |  0.8283 . 0.0515
18 [‘ 1.842 ﬂ 0. 392 5.4 0. 081 % 1.4306 | 0.1154
7 1903 0334 57 1 0.087 C Laa 0. 0946
| | | ?
1 1 l i i

RMS = 'Mn == 14. 4766 (ft)
(Br)av = 1. 253,/ mq = 18. 1392 (ft)
Bz =2mu= 28.9532 (ft)

(Br) 110 = 2. 454 ma=36. 8430 (ft)
(Br)ioo = 3.336v M = 48, 2940 (ft)
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[ ®¥8) Following sea, L =400 ( ft) V =20 ( Knots )
(m) w St (ww) we 8; (we) RAO Selwe)
| |

1061 0.241 . 0. 000 0.18 0. 000 2.2056 0. 0000
755 \‘ 0. 286 0.002 0.20 0. 004 1. 8023 0. 0077
519 0. 344 1.634 0.22 } 5. 893 1. 2781 7.5316
166 ‘ 0.609 ©  49.099 0.22 | 177.05 2.3789 421.1976
138 0. 668 { 38. 560 0.20 | 96154 3. 8781 372. 8986
121 0.712 ? 31.219 0.18 63. 106 5. 1480 324. 8695
109 0.750 |  25.930 0.16 45. 230 6. 1534 278. 3197
100 0.783 | 21.968 ¢ 0.14 | 34.202 6. 8805 235. 3255
93 } 0.813 18.908 | 0.12 f 26. 834 7.3315 196. 7331
87 E 0. 840 16. 483 0.10 | 21635 7.5211 162. 7209
82 ! 0. 865 14. 522 0. 08 | 17.817 7.4731 133. 1452
78 } 0.889 12,909 |  0.06 14. 923 7.2178 107.7133
74 0.911 | 11. 563 0. 04 12. 676 6.7899 86. 0690
71 0.933 10. 427 0.02 10. 894 6. 2269 67. 8382

|
|

RMS =+/mMp = B. 5455 (ft°
(Bo)av = 1. 253/ Mo = 8. 2015 (ft"
(By)ya =2,/ mo= 13. 0915 (ft)

(By) 110 = 2. 454 /Mo = 16. 6583 (ft)

(Bo) oo = 3. 336 o= 22. 0321 (ft)




FANAN Ao gl BY AT 17

(%97 Comparision to Relative Bow Motion
with Ship’'s length & speed
at Head sea & Following sea

Ship L Relative Bow  Motion
Iength ‘ Speed | F R\/{S AVE 13 1 10 1 1((
5 0 3.8048 4.7674 7.6098 9.6834 L6931
Knots F  3.5860 4.4933 7720 91264 1:A 0705
w0 B 4o | 50149 80045 10,1858 123516
Lo o Kwnots [ F | 3.0486 - 3.8199 6. 0927 1 7587 10. 2616
\ hnos . e i
leets 15 H! 4.0980 5. 1348 8.1960 10,4294 | 13,6709
Knots | F 2.2338 & 2. 7990 4.4679 1 56850 . 7.5189
w0 H 471384 | 51854 8. 2769 10 5323
Knots | F | 2.2354 2.7990 . 4.4707 5.6800
el 2O L 2O e R S "
5  H' 6109 o785 12192 15. 54% 20,3817
Knots { F 3.5761 | 4.4809 71521 910 © 12,0370
Lo10 M 6.4179 | 8.0416 12,8359 lb 3337 21. 4102
200 | Knmots 'F 22702 | 2.8446 45408 . 57775 1 7.6413
: e Y - S o NN S0 L S
Feets 15 H 5 4736 8.0416 12 48 L16.4748 1 21.5952
| Knots  F 2.5253 1 3.1041 5.0505 64267 8. 4999
N o S L .
20 iH!D 64017 8. 11z 12.8033 16.2922 | 21.3560
Knots ' F 20676 © 2.5007 | 41352 5.2620 69595
- Moo 9.7646 | 12.2550 T8 5201 24.8508  32.5746
| Knots | F 58646 7.3483 117292 14.9254  19.7403
10 CH. 10.3288 12,9420 206576 1 26.2868 | 34.4569
200 Knots - F z 7651 | 3.4647 | 55301 7.0371 9. 3072
Feets = 5 H. 103799 13.0060 20.7599 26. 4169 34. 5275
Knots  F . 45750 7.3024 5.2923 12,290
B SIS N DIV ttd S T L S
20 H 13 7408 P20.3363 0 25.8780 33. 9310
| Knots I 4. 3983 7.0205 8.9335 . 11.8154
5 1 18. 1157 ( 28.9158 36, 7953 48.2315
Knots ' | 147261 | 23.5055 29.9107 39,5597
10 T HS 15, 2149 | 19.0843 | 30.4298  38.7220 50. 7570
400 Knots ' ! 0795 8.8706 | 14.1590 ©18.0174 o 23.8297
Feets | 15 M 150400 |, 18.8451 | 50.0800 | 38.2768 1735
| Knots ¥ e 1819 | 64320 | 10 3637 | 11 1878 ~121
\ B o Sl N .
C o2 H | 14, 4766 18,1392 | 28.9532 1 36.8430 48, 2040
Knots ' F! 65455 | 82015 | 130910 | 16.6583 | 22.0321
(REMARKS) H : at Head sea F : at Following sea
RMS : Root Mean Square of Motion AVE : Average

1/3 © Mean of One-Third(Significant) 1,10 ¢ Mean of One-Tel/1
1/100 : Mean of One-Hundredth
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