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On the Shipping Water onto Deck of Fishing Boat — 11
Probability density of shipping water for the encountered angle
between ship’s head and wave direction

Tatsuro MaTsuokA*, Rihei KawasHIMA*

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 occur 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 elevation and the shipping water were estimated as follows.

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

The distributions of the relative wave elevation and its maxima - can be
discribed 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
at 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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Fig. 1. Co-ordinate system of ship.
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FIBERICH T 2 MOKEN AR ¢ REHENAR 0 L T5, X' BE=] 23 EMEI 1 5 K@D
Z' B EE () & T 5,
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I X 5KAIES) di (1) ROWEKEOHE ORI & 3 KEOESH w(®) Kk >TRES EER 5o
LI MEDEEOBRIC R 1) 58K d, FEROREIEEEN duse, BENRIBIC & 5 MEOFH
B & 2 Km0 LR dro, JAUEIC & 5 B EEREENC X - T4 3 KE O LH diw 2%
B35 &, HARAEEN

%(t) = dtdpay+dyot anw +3,8) +d5(0) +d4 () +w () (1)
THbIN 3,
FOEERZAVNE, dy (1), dp (&) &
4,0 = 2ot @
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Fig. 2. Definition of relative wave elevation z(f), maxima Z and amplitude 2a.

2@ FORD2ODOBEEHET S, M2RT L5 1C, HBHAMESIO FHIE % 5 6 OHEEKAL
EPEIOBKIEDOERZ £ & L, BREE HODOOTRE S B/MEIDZE 2 IBHRMNEEOIRIE 20 & 35,
FERKAIES) 2 () EBIREE o, 2 2 ERBIOMN R 2 TEEHREER L BRI 8T,
T2 b ISR E B ORERBEBIKIZ KR E 25,

1 _(x)-%)2
ﬁ(%(t)) = \/ﬁ - e a2 (6)

% = E [#(%)] ' @
FSAKAIES O H CHEEEE, =<2 FVEEESI KA TEAbN 5,
Rylr) = E[(x() —%)- (#(¢+7) —%)] 8

Syle) = %Ime("’)‘COS“"Td’f ©)
)

E OWERFEEBRBI RO L 51T, HKAIEBIOD R <o b VEERBD 22 bOVEIRIRRE < ©
g L TRban 39,

— 252 —



BREG: RO PR LA BRARKOWT IL

7/ _e2 -

o
p) = Zg5[commet b imanen ] © evnay]

— 00

1 =E/0/my

00
My = j S 4(@) e des
0

(10)
]

(12)

(13)

(14)

(1)

ez = o My —My?
Mo Mg
ZCrTeid
0<exgl ‘
ZHEHT, pln) 13 =0 DEFL — Y B, e=1 Dk 3EHRER L, € DEK I HHEOFMN/T
Br r I RBRERETS 5, ‘
I 22 DHFIR € PP IVERIZY - ) A E BT E DT, HERBER
p(y) =29 ™"
Y= a/n/m,

TRbLTIENTAE S,

(16)

R LHEKIT HiA A OFAERERIZ, TMKAEBIRO 2 OBAEICE T 2 MREEREIT & b DT

D&SERT 50 z(), Ex LY 2BH DRRICDOVTER %,

%f[immw] ]&m]

A

Ch )
ull \/xm Wm) r

Fig. 3. Probability of occurence of shipping water P[x(t)>Hbw] and P[n> fi].
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2EABRTE, WKME L LIRIE ¢ OHHOMITIIK I TBRELBET 5, & - THMKAEBIOELX
HEOBHB I ZNIC & B HAITHAS BAERREZRD 51212, L HBEP2EFrE LT (10) RO
REEREE (200 XKOMRZHOENITHSEER B,

= B 5 %

ER I EEABEBOLEKE TIT- 12, Figi3, Bz i2izEs» sElEsmE T8 S 4. 8km,
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B3 124GT BRI SESR BRI D 1/15, 1 HATERITH 5 (R 4). HEERIZHERKIIES,
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By 27 2 2 A, BIRRHEEEIC L Y BT 2m XV TH 5,
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Fig. 4. Body lines of 124GT model boat.

BREBRKERAERNEBHE2 I A7V ARCREL THRRGL 12, RARFI oy vy
FEE R 7 v~ o AR EEE % O THIIL 72, BEMOHREE I, ke, #E
BiEhA, EEhA, BN ARE, WEFARTREATH L, HRISsh/ MIARRES
T, MEEEBNA, EBNARS-F Y s 48, EERAEERV ALY v 4u, REFA
BF A4V Iy a3 P o AaRUBAIRT L v s FRTHAIL, EE7L 21— 2B bEED
N—2% ¢ PIAEEL, 7FulLa—FRGlz,. CHEOHRRE - R, 8mm v 3,
Bmm T~ FI3A47, €FFL A~ RNTHEDEERPBGTESELT. (K5),

— 954 —



BEG: o PE AT bASoWT IL

dryfit battery 12V7.4ih xi (motor)

dryfit battery 12V20Ah x4 (gyro and autopilot)

dryfit battery 12V7.4Ah x1 (rats gyro)

dry battery 3V x2 (rudder cont. box)

dry battery 1.5V x12 regurated 12V ( relative wave height meter)
battery +12V {teremeter) .

relative wave

q Q Qheight meter
=
| A

LD | 2 -

BT g e [

8 B . telemdter

al

SHI

rate { v-qQyro d~gyr°| DC/AC | riux wuib

ELTTY T

t: terinp.

inverter

Fig. 5. Schematic diagram of arrangment of measuring apparatus for ship’s motion and
relative wave elevation.

SERNERNT, ECRBLZ2B8DN5 v 9 b %

AT 0BEOZARELIT, Chitkh wrzs cmH”3
EL, HiBF MEZRDI, %, o
KB RT3 FEBAWC X hil, ERKIKTHEED °
BEHHRL B, K6 iR EEE FREEREOBERVES L ° °
%, EEBTI, # 5m/sec DL DR B & 2 o
BALER 1T > 12 —DORBRED b = T2, head, & ' ° 8.
EHD bow, beam, quartering RI* following sea D 8 o
FRTHEZIT- 10 o ®°
R FHI ERTER D 1, EeEE» L2 5H 0. .
EFTREALE, HED 5520 3HETIIATETCOM °
KA EBE WS 5 L & & U1 .
LREE T 120 BPRL LR OBV R 2 —EI R D °
RIS 21T - 120
5. 10. M/s
Wind velocity
£ B Rk R Fig. 6. Relation between wind
. velocity and wave height
FERIL 2 DOMERIBE 3 DOWFRIBT 4 EfF- 12 in Lake Ohnuma.
(#1),

R 2CEBKIBROBEDOREFEDON, ERFT ORIEEICH > T2 & 2 cHiHL 72 3480560 5
B BRRELTRT, F7ICK2D Sea Cond. KT 3H <2 M LV OKRBER S FT,
BRROREEE, SLOERZT- 22 20O MARE%% 31CRY, Ship Cond. A ® GM 3%

Table 1. Vartation of experiments and measured ordinats.

Ship Cond. A | Ship Cond. B

Sea Cond. 1 | Exp. A-1S8.8. 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-38.8.3,1
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Table 2. Statistical values of sea conditions.

Sea Cond. i H (cm) H,/ H,o ‘ T (sec) A (m)
1 7.33 14. 05 17. 59 . 889 1.23
8.50 15. 40 19.61 . 965 1.45
2 (A) 9.14 17.62 22.71 . 955 1.42
9.46 16. 96 21.08 1.023 1.63
(B) 8.45 17.28 22. 80 . 898 1.25
9.11 18.98 26.37 .870 1.18
3 . 10.82 21.23 27.78 . 986 1.51
10.09 20,24 26.16 1.003 1.57
Swiw) Wave ROBRBEFHIREBLEEEE U THEL, Ship Cond, B Tid L
cmhs no DKL E LT, GM & RIBNER il ERRBRR 0K
20t . —o-ExpA-t BhaRBuc k 5 ZEHHWETH %, Ship Cond, A & B TiIHEEN
| +E§'§§1§ B A0, 6 HDEN B b, Sea Cond,2 DALY T VD
~v~ Exp.B-
b ¥ — 7 KRS SR ARIIL, 2 2ORBHhERAPOSTE T »
i 3,
1
”f RO, BBFOF % 81077, HMEMOTAFES
© 'f {\ ‘¢ Ship Cond. A & B TZ2h¥Eh, Fn=0,306 3X0°0,312 T
Il pd EHAE T 10, 2 knot ] IF 10, 4knot Th - 120
2= B E R
5 v 9 FEAPLERD /8T — 22 bV

0. 5. 2 1 6s

EHREROMEX 9 IRT, FEGLDOVT, FESIT 120
PEDOREG FAI Y BEREIMR 46=0. 1T A/DE#RL, B
ENIEERFIF — 2 L ) 222 b VT L U 2 OMOREHE
DHEZ2IT-12,
AR EID 7€ 7 —~ 2T b v Splw.) REHEODEZ 22 bV Sy (w.) OHE L T Exp, B-2

Fig. 7. Wave spectra at
experiment area.

Table 3. Principal particulars and conditions of model boat.

Ship Cond. A Ship Cond. B
TItem

Model Full Scale Mdoel Full Scale
Lpp (m) 2.000 30.20
B (m) 0.470 7.155
D (m) 0.175 2. 650
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
Fb (m) —0.003 —0.040 1 —0.002 —0.022
GM (m) 0.053 0.800 0.029 0.436
Kxx/B 0.377 0.409
Tr (sec) 1. 545 6. 004 2.163 8. 405
#G (m) 0.095 aft . 1.435 0.121 aft 1.827
Kyy/Lpp 0.256 0.263
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DHEEHE W0 IRT, L < Exp, B-2 O {SfEEN,
RN L 5 B FHULIE T DAMEBIES dp (0, 4y
(t) DAY bV Sdp(we)r Sd'r(a’e) ODWJ%@ 11 ‘(-_/:]__“

T o FEBTORMABER = <2 kv OBEILT >
DE5TH 53, / . -
i} Exp. A-1 Ti3 head R following sea T

WT, 8,81 TS S3&bh 87— K&V, bow,

beam KN quartering sea LB Tik S.S,1 & S.S.3 wave direction \
“Gﬁiii fib T . 0 100m transits
FAXIKAIEBIX <2 b VDY — 213, head sea iT baseQ)

BOTHRBhOX <7 b vDE~2 & 32 RC Bk
P 0, =3.8~3.21d 3, following sea TiTFEX}
KREEEZ ~ & L vidfERh, EEZhfgo 7 —0
B2 ROABREHTCDI > Ty ~BREDLN B,

HENDER <2 b ADY —~ 2D 5 IEAHREIL, bow sea & beam sea DHEDOHENHFORE,
BN ER R —%L, CORFERKIIESIO 7 — iz K3 <, HENES BRI EE s
¥ — 2 2D,

i) Exp.A-2 T head sea W TIX S, S.7 T, following sea RT3 S, 8.1 T/87 —H8
Kxw,

TR B2 <2 VD ¥ — 213 head sea TIZHHENO X <& b ADY — 2 & 2ZRC BEK
Db, following sea TIZIED XY —DEFT 2 FHEEEICH 5, bow sea TiIHEEN, RO

RS R IS R T B I I

—Rolling

Fig. 8. Traces of model boat.

sl i
B Aom

iPltching

Fig. 9. Records of rolling, pitching, relative wave elevation at S8.8.1 and wave (Exp. A-2
L. Bow)
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Fig. 10. Power spectra of relative wave elevation and encountered wave:
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Fig. 11. Power spectra of factors of relative wave elevation; dp(t) and dr(f) caused by

pitching and rolling.
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DY — PR ICEFEEETIN2O0E — 24D 5, quartering sea TIZIPED %7 —DEFT 34
HEEE, HENEERERMER 2008 — 2 25D, beam sea TIREHENEAR BEEMIECHE
Ene-r280, BRAENCERZOL X5y — 2R,

iii) Exp. A-3 Tid head sea THEZY — I BBD LN, gquartering BRI following sea Tid
P DT —~DEHT S EREE - BENEERAREMTEC 2 208~ 2 BB Y b5 N B, beam KU
bow sea TRAEBNELGBAERMEORE -5, HHBADNY ~0d % AEREMNCER2 DL
LHEnT —-BEDLENB,

HEWDE R <Y M VDY ~ 713 bow sea THENEEBEEKE —HT %,

Table 4. o, and € of relative wave elevation.

S.8. 7 S.8. 3 S.8. 1
Ty € Gy € oy € oy l € I

Exp. A-1

1. Head 2.63 | .5977 | 3.54 | .6334

2. L. Bow 4.74 | .7609 | 4.87 | .7494

3. R. Bow 4.44 | .T764 | 4.54 | .7562

4. L. Bea 4.74 | 7664 | 4.84 .T756

5. R. Bea 4.19 | .8116 | 4.36 | .8097

6. L. Qua 3.38 | .7643 | 3.70 | .7647

7. R. Qua 1.78 | .9368 | 1.56 . 8836

8. Follow 2.42 | .9236 | 2.95 | .9177
Exp. A-2

1. Head 3.94 | .7507 5.77 | .7605| 5.38 | .T926

2. L.Bow| 5.19 . 6286 5.38 | .6504 | 5.41 . 6847

3. R.Bow| 6.05 | .7008 4.98 | .8007 | 4.30 | .7760

4, L. Bea| 3.94 | .7507 5.77 | .7605 | 5.38 | .7926

5. R. Bea | 4.79 | .8383 4.30 | .8386 | 4.08 | .8229

6. L. Qua | 3.37 . 7555 4.08 | .7605 | 4.41 .T184

7. R.Qua| 2.93 | .8080 3.11 | .8422 | 2.94 | .8318

8. Follow | 1.30 | .8073 2.42 | .8871| 3.18 | .8809

Exp. A-3

1. Head 2.93 | .5807 | 3.36 | .6121

2. L. Bow 5. 56 L7409 | 4.99 . 7609

3. R.Bow 4.45 | .8092 | 4.63 | .7967

4. L. Bea 5. 46 .7640 | 4.98 | .7670

5. R. Bea 4.62 | .77 | 4.07 | .7891

6. L. Qua 4.42 | .7998 | 3.94 | .17886

7. R. Qua 2.71 .8599 | 2.90 | .8271

8. Follow 2.80 | .8476 | 2.94 | .8001

S.8.8 8.8 6 S.S- 4 S.8. 2 AP

Exp. B-2

1. Head 6.89 | .6697 | 4.95 | .7983| 3.71 .8212 | 4.40 | .8102 | 4.82 | .7477
2. L.Bow | 5.80 | .6421| 3.73 | .7507 | 3.76 | .7624 | 3.31 .7289 | 4.26 .7221
3. R.Bow | 5.92 | .6027| 3.01 7986 2.45 | .8270 | 2.38 | .7889 | 4.08 | .6989
4. L. Bea | 5.57 | .7888| 6.07 | .7727| 5.97 | .8579 | 5.28 | .8397| 5.65 | .8290
5. R. Bea | 4.21 L8173 | 3.81 | .8297 | 4.30 | .7032 | 3.04 | .8509 | 4.89 | .7735
6. L. Qua| 4.04 | .8421 | 3.57 | .8927| 3.74 | .8646 | 3.22 | .8809 | 4.48 . 8517
7.R. Qua| 3.57 | .8764 3.79 | .8818 | 4.75 | .7872 | 3.15 | .8890 | 4.65 | .8776
8. Follow | 2.94 | .8850 | 3.47 | .8850 | 3.60 | .8866 | 2.44 | .8676 | 4.08 | .8509
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Fig. 12a.
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Fig. 12e. Histograms of relative wave elevation z(f), maxima ¢ and amplitude 2a.

iv) Exp. A-2 TiX, head JUF bow sea DM S,S.8. T, quartering BX U following sea T
It AP, T»7 —hSR XL,

AR EIR 2 b iz head B bow sea TizIKBNEARREMR & #EEh X <o b
DT —HPRECEAREH LI 200 — 2 280, BBNERFREMNEO C~ 2 TREGEEFTIC
;A E— 2 DEDEIZ/AIVD, fiFOr— 2 Ti2 S.8.8 RIFA P, TKix{, S.5.6, 4, 2 T/ha
e —~p sk, following, quartering KU beam sea Tit BENEA BAEEMAIC © — 7 BFD
g n 6 (=]

HEWDE AR F VD — 213 beam D5 quartering sea THIZNER AL E —F3 3,

2y b OVEHBIBHREK

FHRRAIEBID 2 < 7 b VEHRIEEE ¢ DEIRF4TRT IO, 0.6 »5 0.9 DEHEILDH 3,

B OHENFRIHL T, € DER following RIX quartering sea TR% <, head XU bow
T3V, WEOMERSFHEO MBS L T Exp. B-2 Tid, € OEIRKESERII LV, S8
4,6,2 TPRKRIL, S S8BIWAP TLRPIV, ERRE MEREBIKLS « OEOEIIRA
ETILU,
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TR AEE), BAE REOSA

FARIKOES) 2 (), 2 OBKER & RIE 22 OHHDHE LT, Exp. B-2 DBEE2R121TRT,
Hhiz, HEBRIHBIZE o,y 8L e BFNT (6), (10), (15) R X h R mEERSH % O TRT,

IR EBOBEERE o DEER4ITTT, EE O HEVAR AL T oy OEIR Exp, A Ti
beam B L bow sea TKREL, Exp,B Tid beam 8L quartaring sea TKEW,

b, BTERAEL TR, BEED o, OEOFHBRKE,

Exp. B B 2B RSO FRMEBIC X 5 of OHIZ head 38X bow sea TiX S.S.8 TKAA
{, S.S.4 T/, beam sea TIZEHANEIC X 2ERIZ/PIW,

Table 5. Significant values of maxima & and amplitude a of relative wave elevation.

S8. 7 SS.3 S8 1
a3 | ays | &3 | ays | &3 | als | a3 ] al/3 | a/3 | a3
Exp. A-1:
1. Head 492 | 447 | 6.01 | 6.16
2. L. Bow 8.05 | 7.69 | 8.95 | 8.03
3. R. Bow 7.98 | 6.49 | T.61 | 6.95
4. L. Bea 7.68 | 7.31 | 8.21 | 7.22
5. R. Bea, T.44 | T.60 | T.97 | T.44
6. L. Qua 5.83 5. 07 6.41 5.66
7. R. Qua 2.89 | 1.96 | 2.49 | 2.06
8. Follo 413 | 2.5 | 4.67 | 3.09
Exp. A-2
1. Head | 10.13| 8.30 5.92] 5.60 | 6.75 7.31
2. L. Bow| 10.62 | 8.42 10.17 | 9.34 | 9.80| 10.08
3. R.Bow | 11.81 | 9.74 8.72| T.84 | T.59| 7.32
4. L. Bea| 7.65| 6.49 10.16 | 9.55 | 10.12| 8.90
5. R. Bea| 8.52| 7.50 7.31| 6.8 | 7.30| 7.08
6. L. Qua| 6.09| 531 7.16 | 6.14 | 7.96| 7.08
7.R.Qua| 5.23| 4.59 5.85| 5.29 | 5.53| 595
8. Follo | 2.43| 188 4.40| 3.04 | 551| 428
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 7.60 | 6.76 | 8.00 | 7.09
4. L. Bea 9.20 | 8.16 | 9.20 | 7.53
5. R. Bea 8.68 | 8.92 | 8.07 | 7.18
8. L. Qua 6.8 | 6.05 7.01 | 5.68
7. R. Qua 475 | 448 | 5.44 | 4.85
8. Follo 470 | 3.88 | 4.95 | 4.47
S.S. 8 S.S. 6 S.8. 4 S.8. 2 AP
Exp. B-2
1. Head | 10.06 | 10.94 | 6.70 | 6.03 | 6.12 | 4.83 | 6.75 | 558 | 873 | 7.10
2. L.Bow| 9.50| 9.62| 574 | 554 | 6.30 | 578 | 5.72 | 5.20 | 7.36 | 6.50
3. R.Bow| 8.81| 9.89| 448 | 8.02 | 3.60 | 3.07 | 3.85 | 3.30 | 6.67 | 6.42
4. L. Bea| 9.43| 7.45| 9.33 | 7.21 | 9.54 | 7.47 | 7.31 | 6.36 | 9.18 | 6.69
5. R.Bea| 6.76| 587 512 | 4.42 | 7.10 | 6.83 | 4.01 | 3.43 | 8.09 | 6.30
6. L. Qua| 6.61| 520! 536 | 3.82 | 561 | 4.93 | 4.79 | 3.48 | 7.54 | 5.18
7.R.Qua| 6.23| 499| 548 | 474 | T.36 | 7.26 | 4.2 | 3.10 | 7.33 | 4.2
8. Follo | 4.41| 350 532 | 421 | 553 | 417 | 415 | 2.72 | 6.74 | 4.34
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ERBLY a DEBERPRSICFT, ChEOHEDOKME, K OHEWHR, WEMERSROR:
BIRCEDBALRIZ, ox OEDBES L FRTD 5,

HKIT HiA A SRR

BT BIAS FERER Plx(t) >Hyw, PIESF;] 2%6, TILR T,

BILULTCZREARE I AV 3,
Exp. A TR¥AKITBIAAFBERRIZ beam 1L bow sea TKRKEL, BEKERATHETOEDE

Table 6. Probability of occurence of shipping water Pla(t)>E.D.S.L.]

(obserbed and theoretical).

TR TNI—~ob oS

S8.7 S.8. 3 SS. 1
ov th ov th ov th ov th ov th

Exp. A-1

1. Head . 000 .358-6 | .250-3 | .159-3

2. L. Bow .242-2 | .391-2 | .109-1 | .379-2

3. R. Bow .430-2 | .357-2 | .114-1 | .298-2

4. L. Ben .108-2 | .280-2 | .125~2 | .135-2

5. R. Bea .958-3 | .205-2 | .275-2 | .272-2

6. L. Qua . 000 .344-4 | (167-3 | .117-3

7. R. Qua . 000 . 000 . 000 . 000

8. Follo . 000 . 000 . 000 . 000
Exp. A-2

1. Head .118-1 | .816-3 . 000 755-2 | .483-2 | .110-1

2. L. Bow | .829-2 | .494-2 .358-2 | .289-2 | .268-1 | .734-2

3. R.Bow | .323-1 | .143-1 .183-2 | .657-2 | .492-2 | .144-2

4. L. Bea | .000 .290-5 .829-2 | .939-2 | .233-2 | .139-2

5. R. Besa | .172-2 | .440-2 .454-2 | .205-2 | .221-1 | .139-2

6. L. Qua | . 000 . 153-5 .875-3 | .641-3 | .375-2 | .466-3

7. R. Qua | . 000 .239-5 .000 .145-4 | .292-2 | .344-4

8. Follo . 000 . 000 . 000 .849-5 | .167-2 | . 1454
Exp. A-3

1. Head LA17-4 | . 245-4 | . 000 .784-4

2. L. Bow .292-2 | .280-2 | .183-2 | .968-3

3. R. Bow .829-2 | .657-2 | .683-2 | .391-2

4. L. Bea .358-2 | .415-2 | .142-2 ] .619-3

5. R. Bea .106-1 | .480-2 | . 292-2 | . 233-3 -

6. L. Qua .371-2 | .100-2 | .917-3 | .102-4

7. R. Qua . 000 256-4 | . 000 .478-6

8. Follo .000 915-6 | . 000 .227-5

S.S. 8 S.S. 6 S.S. 4 S.S. 2 AP

Exp. B-2

1. Head .888-2 1 .139-1 | .358-2 | .820-2 | .292-2 | .968-3 | .584-1 | .643-1 | .850-2 | .107-1

2. L. Bow | . 000 .131-2 | . 000 .615-4 | .417-3 | .291-8 | . 121-2 | .390-3 | .108-2 | .125-1

3. R.Bow | .000 .440-2 | . 000 .374-4 | . 000 .138-5 | . 000 .200-3 | .308-2 | .820-2

4. L. Bea | .000 .483-3 | .221-2 | .357-2 | .458-2 | .755-2 | .308-2 | .110-1 | .533-2 | .113-1

5. R. Bea | .225-2 | .501-4 | .258-2 | .153-3 | .104-1 | .570-2 | .567-2 { .344-4 | .264-1 | .3859-1

6. L. Qua | .000 .216-5 | .175-2 | .330-4 | . 000 664-3 | .750-3 | .501-3 | .118-1 | .107-1

7. R. Qua | . 000 .216-5 | .196-2 | .302-3 | .121-1 | .939-2 | .929-2 | .142-3 | .315-1 | .301-1

8. Follo . 000 . 000 000 .315-5 | .000 159-3 | . 000 . 000 .258-2 | .427-2
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Table 7. Probability of occurence of shipping water P[z>E.D.S.L.] (observed and theoretical).

S.8.7 S.S. 3 S.8.1

ov th ov th ov th ov ‘th ov th
Exp. A-1
1. Head .000 .150-4 | . 000 .171-2
2. L. Bow .185-1 | .195-1 | .291-1 | .211-1
3. R. Bow .109-1 | .136-1 | .130-1 | .171-1
4. L. Bea .788-2 | .175-1 | . 000 .785-2
5. R. Bea .921-2 | . 119-1 | . 000 .148-1
6. L. Qua . 000 .412-3 | . 000 .937-3
7. R. Qua . 000 . 000 . 000 . 000
8. Follo | |.000 | .000 | 000 |.000
Exp. A-2
1. Head .649-1 | . 432-1 . 000 .600-4 | . 000 .887-3
2. L. Bow | .497-1 | . 300-1 .176-1 | .192-1 | .665-2 | .581-2
3. R.Bow | .126-0 | .519-1 .825-2 | .233-1 | .144-1 | .164-1
4. L. Bea | .000 . 640-4 .424-1 1 .395-1 | .524-2 | .371-2
5. R. Bea | .215-1 | .206-1 .140-1 | .728-2 | .675-2 | . 146-2
6. L. Qua | . 000 .450-4 .250-2 | .485-2 | .326-2 | .900-4
7. R. Qua | . 000 .510-4 . 000 .181-3 | . 000 .110-4
8. Follo . 000 . 000 . 000 .920-4 | . 000 . 750-4
Exp. A-3
1. Head .502-2 | .260-3 | . 000 .887-3
2. L. Bow .207-1 | .392-3 | .665-2 | .581-2
3. R. Bow .273-1 | .265-1 | .144-1 | . 164-1
4. L. Bea .130-1 | .220-1 | .524-2 | .371-2
5. R .Bea .526-1 | .262-1 | .675-2 | .146-2
6. L. Qua .163-1 | .624-2 | .326-2 | .900-4
7. R. Qua . 000 .320-4 | . 000 .110-4
8. Follo . 000 .260-4 | . 000 . T50-4

S.S. 8 S.S. 6 S.8. 4 S.8. 2 AP

Exp. B-2 . .
1. Head .196-1 | .700-1 | .143-1 | .221-1 | .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 .261-1 | . 000 .300-3 | . 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 | .848~1 | .790-1
5. R. Bea | .320-1 | .204-1 | .540-2 | .600-3 | .610-2 | .200-3 | .138-1 | .200-3 | .102-0 | .790-1
6. L. Qua | .000 . 000 .390-2 | .200-3 | . 000 .270-2 | .260-2 | .290-2 | .574-1 | .325-1
7. R. Qua | . 000 . 000 .680-2 | .800-3 | .393-1 | .310-1 | .840-2 | .100-3 | .589-1 | .658-1
8. Follo .000 . 000 . 000 . 000 . 000 .100-3 | .290-2 | . 000 .338-1 | .150-1

i‘;ﬁ%'ﬂi 2y X head sea WHBWTIX S.S.7 CHRIKEL, following B X quartering sea
Tit S.S,3,1 TK &\,

Exp. B TiR¥BKITHLIAA RAERERIX, head sea I Tid S.8.8 T KA {, quartering BXF
Jollowing sea Tit AP, TKAWV, X beam ¥ XU* quartering sea TIXYAIT BiAS FAERERIL
BTETKEN,

S.S.8 TIR¥KIT HiAA BAERERIZ head sea DEFEKRT following sea TiT’2 5 CHt - TEAKIT
hEB 5, ThIZHL T AP TEBETORLEOHSOAITISOTHEKRIT AL BERROMER—
= {id - AN
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#£6, 7T ENEFRILKNT, EREE B (7), (200 R& HRD I FHHEI B & { 8T 5,

E »

BEREF NV

—HEOERI BT, KAL) 2() & 2 OWKIE § OAMTHL T (6), (10) Rk fuI-pER
DM BL—FKL T3, 5B 22 O (15) REFNIIY — U — S CiB S 2 ie—8 L 2b,
Exp. B-2 i€ 2\ T, z(2), & 22 OO EF IV (6), (10), (15) i & AHERSMIECHT 2, ERH
OEBED X BERT- IR, 05+, FREKER 001 EFT5L @) T2VTREH, §ico
WTH 24 BIASES LRI NIz, RBOAKTRY — ) —HMAC BHET S L WEINLSORTH
olze THNEDOREER, MIKEESE L2 DBMEOXIFiCHL T, ZOHEREERIZAEN
6), (10) X TRELLIT R 3, T € 2T (10) RPBREOHHICED TEIL—HL TBH, BE
IrFH->T5,

i RAIT BIAA SRR L, (17), Q0) Rink 3 EF i 20, §itk 5 PR ELEKITHAS
OHEIMEE X —FT 5, Thizl T (21) RiT & HiRIE a L HRD 12 WKIT B2 A FBERERIIE
RMECEL TRV SEERT,

FERARIEEID X & | VEHRIEIRE € DI, 31T 0.6 5 0.9 OFEIRS Y, BHTKRIW,
CHIRAERKMIEBIOKR 3 88T H b, TCHERERN, @iEhs OB kY Bo i AREANT
RY —bid BRADERL THM KA RET 205 TH B LER 5,

AT HIAA AR L GM, - K E DHEWA

FARMEBOD Y —it, HEVOEDOY — 7 BERNEE HRKE: — 5T s OB CR IR
22y, WAKITLAARERRIFEIREL 2%,

Zh% GM IEE O HEWHFRO BEFE» S5 B2 &, Exp, A Tit bow ¥ X0 beam sea THKHT
LA RERERIZA R, Exp. B Tid GM /M3 {8 h BEBEEW/HI VIO beam LT
quartering sea THE&VOED ¥ — 7 IEEAELEEEKE: —HL, BATORAARBERRE LT/
5T 5,

ChEDRERED 5, GM WS SIMERBORERORRT 2HMITT 2158, beam 3L quar-
tering sea CHR BHAITLIRAABRELRPTVEELR 3,

ARSI R A LB CRTE L b ox DEMSKEV, THITXL T AT HiAS FEERESE
1%, Exp. A-2 Tk beam 3 X1 bow sea OF; S, S, 7 DATET, Exp. B-2 Tid beam ¥ L ¥ quar-
stering sea D AP, OETHE THEHV, HERNELAEEVHEVDEDX 7 VD E~Z
IGECESTH b, AT RAAREBAFARFCETETREY RTWEFTAL S,

INEDRS, REC L 3NEREABEETHH, EOX 5 TATRTHEAKITLRAABREEL ©
T 75 5 DI MREARESNT & b BT CREY LB TL, A9, V7 - 2RIBBIL
T3 ERBERL TS EEAGNS,

il

AMEIZ L 7 —, b Y AT D IRERERESRIC T VY — s OKEH»SOB IR, KR

EDSL.(ShipCond:B )
EDSL.( h%
\ -

Poap z 4 6 8 FR

-

Flg 13. Relation between election deck side line E.D.S.L. and hypothetical deck side line.
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Table 8. Hypothetical probability of occurence of shipping water

P(x(t)>Hbwh).
Exp. B2 | S88.8 | 88.6 | S8.4 | ss.2 AP.
1. Head .206-0 | .450-1 | .390-2 | .165-0 | .e21-1
2. L.Bow | .175-2 | .987-3 | .350-2 | .185-2 | .555-1
3.R.Bow | .128-0 | .156-2 | .140-4 | .712-3 | .447-1
4. L.Bea | .201-1 | .387-1 | .410-1 | .505-1 | .666-1
5 R.Bea | .219-2 | .363-2 | .418-1 | .315-1 | .136-0
6. L. Qua | .628-1 | .182-2 | .204-2 | .l66-2 | .721-1
7.R. Qua | .000 .204-3 | .100-2 | .000 .226-1
8. Follo .924-2 | .302-2 | .263-1 | .116-3 | .149

V7K EL, MERLKRINIDIT, RERBUIERBED TRKIVOIEETH 5,

WEMRERERBRIRIC X 5 AT DRAARERROERS2 BA A2, HIBILRTLITFE
KFOBRROBEE B ERBHFITCHIZ > T—RTH 3 &FEL, Exp.B-2 RBNTIDERED
TN — 0B Hyws ZHAKMES) x(2) DEA 7R Pla(t) >Hiws] 2RO (£8). BE
i, EEDOBAICH A THREAREISTIZ, head RI¥ bow sea D, WKITHAA BERRIEL X
h, MERERTIIERE OBERIZEE TRV,

INIBEBEOMBITII L 7~ - + Y A& b METREES TR #KIT 5iAA BERESIFI SN T
5%, BRBETRIRHIN TSN EE2RT, Lzdd-T GM AN VRO MEMD 5 © kT
LiABITHT AREBEY LN EEA S,

E #

RIS, 3 OB LMEKITEAARBERECONT, ERPBITUIEREZI LI L
TEigs, ,
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