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On the Shipping Water onto Deck of Fishing Boat — Il
Probability density of shipping water for the encountered angle
between ship’s head and wave direction

Tatsuro Marsvoxa™, Rihel Kawasmivma®

Abstract

Experiments with a 2 m radio controlled boat in the wind waves were carried
out to clarify the statistical properties of the relative wave elevation and the
shipping water on the deck which oceur when the relative wave elevation rises
above the upper deck side line.

According to the results of the experiments the statistical model of the
relative wave clevation and the shipping water were estimated as follows,

The values of a frequency-band width parameter for the relative wave
clevation were large i.e. 0.6~0.9.

The distributions of the relative wave elevation and its maxima can be
diseribed with the normal distribution function and the function of

The probability of occurence of the shipping water had large values in beam or
quartering sea when GM of the boat was samll

The variances of the relative wave elevation were larger at weather side than
ab lee side, but the values of the probability of the shipping water of both sides
showed no significant difference.

The shipping water at the sternward should be taken into consideration in
designing a hull.
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Table 1. Variation of eaperiments (uu[ measured ordinats.

Ship Cond. A f blnp (/ond B
Sea Cond. 1 Exp. A-1 8.8, 3,1
Sea Cond. 2 © Exp. A-2 8.8, 7, 3, 1 Exp. B-2 8.8. 8, 6, 4, 2, A.P.
Sea Cond. 3 = Exp. A-3 8.8, 3,1
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Table 2. Statistical values of sea conditions.

Sea Cond. H(em) © Hyy, Hine T (sec) | A (m)
I 7.33 14,05 17.59 . 889 1.23
8.50 ‘ 15,40 19.61 . 96H 1.45
2 (A) 9. 14 ! 17.62 22.71 . 955 1.42
9.46 16. 96 21,08 1. 023 1.63
By | 8.45 1728 22.80 898 1.25
8. 11 18.98 ~ 26. 37 i . 870 1.18
3 [10.82 21.23 27.78 . 986 1.51
10. 09 j 20, 24 26. 16 1. 003 1. 57
Swiw) Wave RO TIRIISFIRE % M - U T L, Ship Cond, B T T
a3 .
e NS DFRESE U ize GM & BHBNRG I GRS O
2 —omExp.Anl stz & 5 TS 4, Ship Cond, A & BT ;H';fl Fivel
~aExp A2
o gxg‘g-:zz A 0.6 15D303H b, Sea Cond, 2 DA <2 L Dy
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Fig. 7. Wave spectra at
experiment area.

Table 3. Principal particulars and conditions of model boat.

Ship Cond. A hhlp (‘ond B

Ttem ! o ;
i Model Fuall Scale | ‘\Idod ; l'ull Secale
Lpp (m) 2. 000 30.20 i
B (m) 0.470 7.155 |
D (m) 0.175 2. 650 i
Disp. 125.0 kg 441.1 ton | 126.7 kg 447.1 ton
dm  (m) 0.178 2,690 0. 177 2.672
Trim (m) 0. 098 1.490 0.122 1.842
'Fh (m) 0,003 —0. 040 -0, 002 -0, 022
(m) 0.053 0. 860 : 0.028 0. 436
0.377 0. 409
1.545 6. 004 ‘ 2.163 8.405
0.095 aft 1.435 : 0.121 aft 1,827
0. 256 0.263
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Table 4. o, and e of relative wave elevation.

8.8, 7 S.S. 3 S8 1
Ty € | ox € oy . € t Ty [ €
43 xp. A-1 !
1. Head 2.63 L5977 3.54 . 6334
2. L. Bow 4094 | 7609 487 . L7404
3. R. Bow ‘ 444 | 7764 4DE 7562
4. L. Bea | 4.74 | 7664 4,84 L TTH6
5. R. Bea | 4.18 | L8116 4.36 | .8097
6. L. Qua ; 3.88 | 7643 870 | .T647
7. R. Qua 178 | .9368 1.56 | .8836
8. Iollow ‘ 2,42 L9236 2.95 L9177
Exp. A-2 5 : 5
1. Head 3.94 LTHOT 577 | .7605 , 5.38 7926 |
2. L. Bow 519 .06286 5.38 | .6504 | 6.41 L6847 |
3. R.Bow  6.05 7008 4,98 | 8007  4.30 . .7760
4. L. Bea 3.94 = 7507 COBTT | L7805 0 5.88 ¢ L7926 ‘
5. R. Bea  4.79 8383 4,80 | .8386  4.08 8229
6. L. Qua 3.37 . .7555 4,08 | 7605 | 4,41 ¢ L7784
7. R.Qua | 2,95 L8080 S 3L 84220 2.4 8318
8, Follow = 1.30  .8073 {9242 | 8871 3.18 | .880%

Exp. A-3
. Head 9.

93 . D80T .36 6121

1 2 3

2. L. Bow 5,56 L7409 0 4,99 7609

3. R. Bow D445 8092 4.63 | L7967

4. L. Bea S D46 LT640 | 4,98 | L7670

5. R. Bea 4062 0 .TITT 407 7891

6. L. Qua L4042 .T998 | 3.84 LT8R

7. R. Qua L 271 L8599 1 2.90 | L8271

8. Follow | | 2,80 8476 2.94 | .8001 |
|OSSS L SS6 sS4 | 8S2 AP

Bxp. B-2 , :

1. Head 6.89 | 6697 495 © L7983 3.71  .8212  4.40 . .8102 4.82 7477

2. L.Bow 580  .6421 0 3.73 7507 3.75 | L7624 3.31 0 .7289 . 426 L7221

3. R.Bow 592 .6027 3.01  .7986 2.45 | .8270 2.38  .7889 4.08 | .6989

4. L. Bea | 5,57  .7888 6,07 .77 5.97 | L8379 . 5.28  .8397 | 5.60 | .8290

5. R.Bea | 4.21 . .8173  3.81  .8207 | 4.30 = .7032  3.04 | .8508 | 4.89 | .7735

6. L. Qua  4.04 8421 3,57 | 8927, 3.7+ . .8646 | 3.22 © .8808 4,48 | 8517

7.R. Qua . 3.57 8764 8.79 | .8818| 475 | .7872| 3.15  .8890 . 465 . L8776

8. Follow = 2.94 = .8850 35.47 | .8850 | 3.60 | .8866 | 2.44  .8676 408  .8509
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RO 43415
’é DA I VRN 2a OO U T, Exp, B-2 OYE %K 12 14T,
e f’s‘ 2R oy sk e BT (6), (103, (15) w4 b >}<V)U|(I SO R QEITHRT,
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Table 5. Significant values of maxime & and amplitude o of relutive wave elevation.

8.8, 7 S.8.3 Co8s01

Y3 alid B3 alf3 | EYR L alf3 0 L3 ald [ 83| alfs
Exp. A-1 i
1. Head 4,92 .47 | 6.01 | 6.16 ‘
2. . Bow 8.05  7.69 | 8.95 | 8.03 !
3. R. Bow 7.28 6.49 = 7.61 6.85 !
4. T.. Bea 7.68 0 T.81 0 8.21 | 7.22
5. R. Bea .44 760 0 7,97 | T.44
6. L. Qua 5.8%  5.07 ¢ 6.41 | 5.66 |
7. R Qua | 2,80 196 2.4 | 2.06
8. 1’0]10 ! ; : D413 2,95 4,67 3. 09
Exp. A-2 2
1. Head 1013 830 5.92 | 560 6.75  7.31
2. L. Bow . 10.62  &.49 10.17 1 9.34 9.80 10,08
3. R.Bow ' 11,81  4.74 8.72  T7.84 759 1.39
4. L. Bea’ 7.65  6.49 1016 9.55 . 1012 8,90
5. R. Bea | 8,52 7.50 7.31 - 6.86 7.30 0 7.08
6. L. Qua| 6.03 531 7.16 . 6,14 796 7.08
7. R. Qual 523 4.59 585 529 | 5.5 5.25
8. '[*‘0]]0 2.43 1 1.88 £.40 0 3.04 | 5.51 4.28
Exp. A-3
1. Head 5.68 | 4.99  5.97 | 5.78
2. L. Bow 9.68 | 9.09  8.96 | 7.85
3. R. Bow 760  6.76 © 8,00 | 7.09
4, L. Bea 9.20  8.16 = 9.20 | 7.53
5. R. Bea 8.68 | 8.93 807 | 7.18
6. L. Qua 6. 86 6.05 7.01 5.68
7. R. Qua £.75 1. 48 5,44 4.85
8. Follo C 4700 3.88 0 495 | 44T ;

8.8, 8 8.8. 6 S.8. 4 8.8, 2 AP
H |

Exp. B-2 ‘ |
1. Head 10,06 10.94  6.70 6.03 6,12 4.83 6.75 5. 58 873 T7.10
2. L. Bow | 950 962 574 | 6.54 . 6.30 578 . 572 . 520 | 7.86 | 6.50
3. R.Bow 881 6.89 448 | 8.02 369 | 3.07 3.85  3.20  6.67 642
4. L. Bea: 943 745 933 | 721  9.54 | 747 0 731 | 6.36 0 9.18 | 6.69
5 R Bea ' 6761 587 512 0 442 7 710 ‘ 6.83  4£.01 | 3.43 | 8.09  6.30
6. L. Qua | 6.61| 520 636 © 3.8 . 561 | 423 0 479 | 348 | 7.54 518
7.0R Qua 6,22 4997 548 474 T.36 0 726 4.22 | 310 7.33 | 4,92
8, Tollo .41 8.50 533 4.21 553 417 1 415 272 . 6.7 | 4.34
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Uiz oD B4R

HERAT B 3A & FEATER

G, ox OOBAE L FKTH 5.

ol G RN,
3 HEACET BAAA SEAETERIT beam 45 S O° bow sea TR, SRR S BUFEL

¢ P’[a:(r) SHiwl PLESF] 336, TRFRT, COTH INVY—2 07

. J< 011()

. 000 L000 . 000 .315-5 . 000 .159-3 .. 000 . 000 .258-2 | .

Exp, A T DD
Table 6. Probability of occurence of shipping water Pla(t)>15.0.8.L.]
(obserbed und theoreticul).
§.8. 7 | ossos | ss
ov th | ov | th . ov | th | ov Coth o ov th
Bxp. A~1 :
1. Head . .000 .358-6 . 250-3 | .168-3
2. L. Bow L2122 .391-2 . 109-1 | .379-2 |
3. R, Bow L 450-2  .357-2 L 114-1 0 .298-2
4. L. Ben . 108-2 .280-2  .125-3 .135-2
5. R. Bea LG58-3 0 .205-2 . 275-2 0 .272-2 |
6. L. Qua . 000 L 84d-4 ;L1673 | 11775 |
7. R. Qua . 000 . 000 . 000 L000
8. Tollo . 000 . 000 . 000 . 000
i H i
Exp. A-2 i ‘ .ﬁ
1. Head J118-1 | .816-3 ‘ . 000 L755-2 . 483-2 1 L 110-1
2. L. Bow | .829-2 | .494-2 .358-2 . 289-2  .268-1 .734-2
3. R.Bow | .323-1 . 143-1 L 183-2 .6B7-9 | . 492-2 ) . 144-2
4. L. Bea|.000  .280-5 ; | .820-2 | .989-2 | .233-2 | . 1392
5. R, Bea . 172-2 . 440-2 ; L4542 1. 205-2  .221-1 | . 139-2
6. L. Qua | .000 . 153-5 .875-3 ¢ L375-2 L 466-3
7. R, Qua | . 000 .239~5 £ .000 029272 L3444
8. Follo |.000 . .000 ‘ L. 000 . 167-2 | . 145-4
Txp. A-3 ‘
1. Head 117-4 . 245-4 | . 000 L TR4-4
2. L. Bow 292-2 | ,280-2 | .183-2 . 968-3
3. R. Bow : | .829-2 | .657-2  .083-2.391-2
4. L. Bea ©.358-2 | . 415-2 | . 142-2 | .819-3
5. R, Bea J106-1 0 .480-2 ) . 292-2 1 . 233-3
6. L. Qua L871-2 . .100-2 | . 917-3 1 . 1024
7. R. Qua . 000 .256-4 . 000 .478-6
8. Tollo |.000 | .915-6  .000 | .22T-5
| 888 $8.6 0 884 882 AP
Exp. B-2 ‘
1. Head 8882 | . 159-1 | .858-2  .820-2 | ,292-2 | .968-3 | .584-1 | .643-1 | .850-2 | . 107-]
2. L. Bow | . 000 . 131-2 . .000 | . 615-4 | . 417-3 | .201-3 . 121-2 | .800-3 .108-2 L 125-1
3. R. Bow | . 000 . 440-2  .000 | . 374 4,000 . 188-5 . 000 .200-3 . 308-2 | .820-2
4. 1. Bea | .000 L 483-3 . 921-2 | .357-2 . 458-2  .7HB-2 | .308-2 | .110-1 | .533-2 | .113-1
5. R. Bea | .225-2 | .501-4 + .268-2  .153-3 | .104-1 .570-2 | .567-2 . .34d4-4 . 264-1 . 358-1
6. L. Qua | .000 .216-5 | . 175-2 . 330~4 | . 000 L664-3 | L 750-8 | .501-3  .118-1° . 107-1
7. R. Qua . 000 .218-5 . 196-2 . 302-3 Q J191-1 0 .939-2 . 929-2 | . 142-3 © . 315-1 5 .301-1
3 2
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Table 7. Probability of occurence of shipping water Piv>E.D.S.L.} (observed and theoretical),

8.8, 7 3 8.8. 1
ov | th ov th ov | th | th
Exp., A~ ! E I
1. Head . 000 150-4 ¢ . 000 | .171-2
2. L. Bow | L185-1 . 195-1 . 281-1 ¢ . 211-1
3. R. Bow | 109-1 | .136-1 . 130-1 | .171-1
4. L. Bea | .788-2 | L 175-1 000 | .735-2
5. R. Bea .921-2 | . 119-1 000  .148-1
6. L. Qua L0000 . 412-3 . .000  .937-3 |
7. R. Qua: 000 . 000 L0000 -, 000 J
8. Follo . 000 000 .000 . 000 *
Txp. A-2 Y
1. Head  .649-1 .432-1 000 .600-4 | .000 | .887-3
2. L. Bow .497-1 .300-1 J176-1 19271 | .665-2 | .5B1-2
3. . Bow : .126-0  .518-1 .825-9 . 233-1 | .144-1  .164-1 |
4. L. Bea 000 . 640-4 A24-1 1 .395-1 | .524-2 | . 871-2
5. R. Bea| .215-1  .206-1 140-1 | . 728-2  .675-2 | .146-2
6. L. Qual|.000 4504 | .950-2 | . 485-2 | .326-2 . 5004 |
7. R. Qual.000 | .510-4 000 | .181-3  .000  ,110-4 |
8. Follo ©.000 | .000 L000 | .920-4 .000  .750~4
Exp. A-3
1. Head . 502-2 1 .260-3 |, 000 . 887-3
2. L. Bow L207-1 .892-3 1 .665-2 . 581-2
3. R. Bow J273-1 . 265-1 L 144-1 | . 164-]
4. T. Bea 130-1 | .920-1  .524-2  .371-9
5. R .Bea 526-1 . 262-1 | .675-2 . . 146-2
6. L. Qua 153-1 | . 624-2 | .3926-2 | .900-4 |
7. R. Qua 000 | .320-4 1 .000 | .110-4
8. Iollo ‘ 000 | .260-4 1 .000 | 7504
S.3. 8 5.8, 6 S.8. 4 S.8. 2 AP,
i i i
Bxp. B-2
1. Head | .196-1  .700-1  .143-1 .231-1 .750-2 |.550-2 | .166-0 . .199-0 | .244-1 | .187-1
2. L. Bow | .000 ' .880-2|.000 | .400-3 .260-2 .260-2 .670-2 .390-2  .151-1 | .170-1
3. R.Bow 000 .261-11.0006 | .300-31.000 .000 |.000 @ .180-2  .136-1 @ .368-1
4. L. Bea | .340-2 | .240-2 .810-2 .161-1 .152-1 | .286-1|.122-1 .516-1 .843-1 | .790-1
5. R Bea .320-1].204-11.540-2 | .600-3 & .610-2 .200-3 .138-1 .200-3 .102-0 | .750-1
6. L. Qua!.000  .000 | .390-21.200-3 000 . .970-2  .260-2  .290-2 .574-1 | .395-1
7. R. Qua .000  '.000 | .680-2  .800-3 .393-1 ' .310-1 .840-2 .100-3 | .589-1 & .658-1
8. Tollo |.000 | .000 .000  .000 000 100-3 .290-2 000  .338-1 .150-1

FUIFE T 20, K head sea

TIX S 8.3, LTk A
Exp. B T KT B 1A & Je4: 1%

JECFRETR &

8. 8.8 TRUMAKIT AL Jik

1,

NE LS, it AP,

Bk d e

DTS S 7 Tl b ka L,

::{',\. 54 s
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Table 8. Hypothetical probability of eccurence of shipping water
: >]/bw/z]

-
=

Exp. B-2 | §.8. 884 $8.2 | AP
1. Head .206-0 L4501 3002 .165-0 6211
2. L. Bow  .175-2 L9873 .360-2 . 185-2 5551
3. R. Bow . .128-0 1562 . 140-4 L712-3 A47-1
4. L. Bea  .291-1 J387T-1  .410-1 .505-1 . 666-1
5. R. Bea  .219-2 .363-2 . 418-1 . .375-1  .136-0
6. L. Qua  .628-1 .182-2 .204-9 1662 .797-1
7.R. Qua 000 .204-3 .100-2 000 .926-1
8. Follo 24-2

Lo

. 302-2 . 263-1 L 116-3 . 149

=R E ORI B R T, NI A IEEMED TR X OB S 5,

W BARRIRIIEETIT § 5 KT B IAS RAMEE DS A B 1T, [ 18 KR K 5
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