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Predicting Long Term Trends of Deck Wetness
for Ships in Ocean Waves

By Jun-ichi FUKUDA, Member

Summary

"~ A method of predicting the short term probability of deck wetness and the long term probability
of “wet-deck navigation” is presented, along with results of its application to cargo ships operating
on the North Atlantic. v .

Relative bow motions have been evalutaed theoretically for geometrically similar ships of various
sizes at different headings to regular and irregular waves, based upon the linear strip theory and
the linear superposition technique. According to those results, the relationship between the short
term probability of deck wetness related to bow freeboard and the significant wave height of
irregular sea has been determined in correlation to average wave period, heading angle and ship
speed. Then, the long term probabilities of “wet-deck navigation”, where the short term probability
of deck wetness will be larger than 1/10, are predicted for different seasons and for various wind
forces by the aid of long term wave statistics on the North Atlantic.

The following trends of deckwetness related to bow freeboard are concluded from the predicted
results :

(a) The probability of deck wetness is large in head and bow seas, and small in following,
quartering and beam seas.

(b) The probability of deck wetness decreases with decrease of ship speed, but the infiuence
of ship speed is rather small in higher speeds beyond 10 knots.

(c) A large sized ship has small probability of deck wetness.

(d) A full ship has small probability of deck wetness.

(e) The long term probability of “wet-deck navigaton” is large in winter and small in summer
on the North Atlantic.

(f) The long term probability of “wet-deck navigation” increases with increase of wind force

on the North Atlantic, but this trend is not so remarkable in extremely heavy weather.
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WP KRBT OMEMIc BT 5 Shipping Water (23 & U-CHREBNE & ETEIRIC X 2SR L EOBNE
BORWIHIRBELXY B 2B AR D, BERBTIIRENE & ETERC X 2 MBEKR & BE O E

* AMKETLER '

il

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

142 BABRFSMLE H124 5

DRVENRBE XY ML 5B S THERT Shipping Water RNiRX 2D L E X b5, ¥, BEEREBT
REL UTHEBNE S LO ETEIE, MBI X 2P RBAEO XM & BEOHENEBI O X S B LML

%881 Shipping Water 3% 5 b D e E 2 bis, DX 5, Shipping Water DEADE ESIpR AT
EEOEMNEESIC L 5D LEL 5L, mﬁ®Tﬁw&ﬁ@EL%H6%¢§ﬁ%%%?é L EOoTESD
Shipping Water DRAERERLHEE TS LN TE 3,

—77, EROEERBERICOWT, %ﬁfumtb#mrEﬂ@ﬁ&%ﬁ%ﬁk%?éﬁﬂmﬁﬁéﬁﬁn
T bo Lo T, BRI IRYEER 51) % Shipping Water DFLEHERT 7>t Deck Wetness DORE
K RDOLNDR DX, b BN ERT 5 R Deck Wetness B 2 #RHNEEE DS, £ OMHROEHOW
BRERBEELFIETA L L DAL B,

CCTiE, BELEEOBENESCEST SMEFHR O Shipping Water OB YRR - et 5, =
DREOBIE L LTi%, Lewis) LSk%  OBEID I X oTE 2 L CEMERETEK %1F 5 Deck Wetness
HERTTbh w38, REOBBRBEREYZFIRLTCERD Deck Wetness 1253 5 FHlx o D
3475, Newton® 35k 0% Nordenstrom® DFRILLISMCIT RSB RE  D2e\ o B TIL, Deck Wetness
BT 5 EMs LORMOTHBELREL, —REVRBEIC O TIEATEFRICBEH L7854 © Deck Wetness
DEHTFEZRR TS, LT, O E, Finene‘ss,b imi%‘a— 581, HA®ES x Deck Wetness X O
Bk, PRk X ORI X 5 Deck Wetness O kBEDIRAZICOWTHRN LTV %, '

2 FMPCRBEICEH TS Deck Wetness

SO ARSI 351 % M E & BIE O EBI 04 #E R? £ X BBERE R, LOWEOW AR +
v & R R OHEXEB O RBEBICERE & 0352 bhiul, BHERSDLREOERCE T =Rk F— A
FAEMNC IO TKRC I VEHBETHE LR TE S,

R=[" 7 [Aw@, 0-0117 (0, )1%dwax | | S

Fo L R“f : variance of relative bow motion in irregular sea
R : standard deviation of relative bow motion in irregular sea
[A(w,0—2X)] : response amplitude of relative bow motion in regular oblique waves
[f(w,X)1?% : directional spectral density of sea waves
w : circular frequency of component wave
@ : angle between the ship course and the average wave direction
X : angle between a component wave direction and the average wave direction
ZZTC, BREAEH, PHERHET oSHBREEYRLTHAR 2 PALLT, KD X 5 /& Modified
Pierson-Moskowitz Wave Spectrum (ISSC Spectrum)!V) 2232 = L1835,
[f(0)]?=0.11 H?0, ! (0/w,) exp {—0.44(0/w;) "4} ' (2)
L
I<w< oo, o, =2x/T
H : average wave height according to visual estimation (assumed to be equal to significant
wave height)
T : average wave period according to visual estimation
BAR7 DL OFAE=RAF ~FAR —x2<X <7 /2 OFEIC (cosine)? Hik LT\ 5 L RETIUT
KAEB 5o |

(3)

—77, HARFE —EEETBIR LT ¢(=0—X) OAETHETT 5O ME & BEOHENES OB
X, WA Y v TEHRC LS ETENE L RENEORE VG CEUCHET 5 2 LRATE R1919,

LIeaioT, SOk 5 e ERETHIC X 28 OWEC K3 2 X EBOREHB L (2) IV (3) THb
SRABPARZ AR AT (1) DRHEEZTRLE, BRESH, VEEART O GBI % I OFEE

=0 : elsewhere

[f(@, X)12=(2/m) [ f(@)]*: —m2<X<m)2 }
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FHECHR LT O Detlgy Lo C—EHE CTRAETT 2B OMYE LEE OEMNER O R? ¥ o ERE
ZERERDDZ LWXNTE D,

E OWHEC T 2 HMES O K I AW ELZX L E 2 L BHECHRERR ECEKAITA T & JETHE,
Deck Wetness DORtEfR (Deck Wetness DISERIB LM LT O HE - EE L OH) 12 Ricel® DR/ L b
KA LD TEL b D,

- A _ (fIL)? }
a=exp{ ~ s }=x0{ ~ sy (4
Yo Al S q : probability of deck wetness

f : bow freeboard
L : ship length

Lo _
2
log(1/) = 5eA P o | (5)
amao”
& 5 SEH OBURAGEIC 35\~ T, Deck Wetness OFERA ¢ ¥z ZRFCHAT 2 HRMRE Heo 2T %
¥, (8) kb
_ (fIL)L
vHs(q) = «/Zmloge(mllq——“) (R/H) ( 6 )

=1L Hy () : the significant wave height of irregular sea where the expected probability of deck
‘wetness will be ¢
8%
R/H 258 BE O FEB AR, B3 sRoet s X OHECRK L LTRkdbh 505, Deck
Wetness DOFERN ¢ iz 5RAOFREE Hso (IO & HEN — &7 DIEHSBRBOREE : LTk
b Bﬁ%o

3 Deck Wetness (R85 2 EHIF:AH)

R OFEMPEHRIC OV CIE, BYLHROBRR ST D BREE & FERRH L ofifdhbric k
OTELIN-BERBOBHOREEERNE 2 bR TW5, L 2T, ThiFEL TFORCHRMT S
fosifio Deck Wetness ORERYH B ¢ 8z 5 L 5 kM REXEHHC S WT L OBEOHRTES
BOERHEETHZ ENTE S, 7o& 2iE, Deck Wetness AR & OHAWEIR 10 BElieowT 1 HEZ B
%25 X 5 IsHERAER, KHoMEEEK 50 B UCERFARBEET 52, 55\ IXERHYEH 5 200 Biext
LTERBABEET 20205 L5 BT 2825252 ENTE 5, i, BIIRSHE Beaufort 8 (&,
H 34~40kt) DOFEEGHE TIX Deck Wetness RAEMBAIN & OHAWEH 10 EC 2\ CT1EEZBLS X5
YRR BT 5 ENORER L OBE L 52 TRT A2 L T 5,

FHEEEH, VEREBHT oBEREBORYIORFMREERE Y p(H, T) 275, BAECEOFEET
HAEH LTO DHBERD—ERE TEMT 57 01E, FfiThR~ X i, BEOKECK T 2 ExhER D>
E#RREOEKICE R/H P HEERT 0B L LTkdbh, (6) X>T Deck Wetness DFERMN ¢
Yz HRPCHLT HHREE Hig »WFHRBHT OB L LTRDHN S DT, Deck Wetness o fER
Nexz 5 k5 REERBCEST 3 RPEOBRIKRALC LoTs5xrbhb,

Qq(0) =f;of:=,,,(q>1’(H’ TYdHAT (1)
7oL Qq(0) : long term probability of “wet-deck navigation” for the heading angle 6 where the
short term probability of deck wetness will be larger than g

p(H,T) : long term probability density function for the sea state where the significant wave
height is equal to H and the average wave period T

(7) D Q0) 13, WE—-EPBATIIBCT 5EH 0 PEM L LTRDBhB, #oC, Eficsits
$HEK 0 DHEREEEIR S p*(0) LT 5L, HOPLHHEEER LB ED “Wet-Deck Navigation” DEHjD
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FERIZKRIT L0 TRd s,
Q=[ " Qu(O)1*(6)a0 | (8)
Qg : long term probability of “wet-deck navigation” for all headings where the short term
probability of deck wetness will be larger than ¢
p*(0) : long term probability density function of heading to waves

p*(0) 1k, EECIEERE BESCXRINHERLER TS D2, Shat 0~2r ORI —RC SR
LTW5 LEBLESLHIE, (8) RKROXSMBEtbIh,

Q= Qu(0)d0 (9)
(7) CREOTHEANTHHBENR—EDBED, i (8) BV (9) CXIDOTH LD H$REER LI

BaDEHD “Wet-Deck Navigation” DOFERIREOBEE L LTRD BN B,

(7) oFE4AD p(H, T) 13, EECIIEYREROBENS & PERBHOBER AT X > CTRENCRE
RENEZ DR T 5B, L2 T, (7) OBRSTERCIIBERSC L OTHEIhS, ¥, (8) 520
12 (9) DEEEOIRDONTOES D, FEERIX 0~27 DY EULHBCSE L TRERIC I >TRD L
s,

4 EHEPIEGEUEE

S & TIC B L7l £ 0o Deck Wetness (B4 5 a0 F MM % AT 5 7-bic, Series 6019

Dohh b— B EMIRRE 2 B T cb Table 1 Particulars of Ship Forms
3 Model 4210W (Cp,=0.60) X8

Model 4212W (Cb=0. 70) 2B, Model Number 4210W 4212w
e e I
OB R RTE Lico MADRBIIME L Breadth-Draught Ratio (B/d) 2.500 2.500
L EAREBEERERME IO ) O e oos  oures
25% & Lico MEEXIX 1966 F549 Midship Coefficient 0.977 0.986
DR £ L, AR XBRHA | Sonre ot B sy || 000 () 0w (0
L7z
. fzseL(1-—5€6)—C-% (in mm) : L < 250m )
f=121L C=block coefficient : C,>0.68
—— T T ‘ C=0.68: C,<0.68
go.s- o 1SSC(i1964) WAVE SPECTRA | FOMOEEE L Table 1 REIA TV 5o
:; f:,(:))g/fr: 0.1 Ly (o) expl-0.44 (wyw ] | T HORIEOWT, BHIRREEC ST 5 HHE
3 OHEI R T 5 HREB OB IERZE D E, B
“0.2_ Deck Wetness DfeR ¢=1/10 &5 3 2 A3k
B Hsqno DEEX TRV, KRiIZ, Waldenl®
T & AR ORI OPIRBBUEE Ok v
T, WER X OER D “Wet-Deck Navigation
elr (€>1/10)” DEREHE Lo F 1, SEIEK
(Beaufort No.3~10) R EYEEHIC BT 5 “Wet-
Deck Navigation (¢>1/10)”DEEITE R % HEL
°5 720

GHio Deck Wetness B+ AHEDOER L
Fig.1 Modified Pierson-Moskowitz Wave EE Fig. 1~10 @RI TE D, BEfo“Wet-
Spectra (ISSC Spectra) DeckNavigation” ORERDTFREE Fig. 11~
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Wb oD Deck Wetness B+ 2 EHTH

GBI RYBEIC 3513 % Deck Wetness)

Fig.1 &, (2) ® Modified Pierson-Moskowitz Wave Spetra (ISSC Spectra) %
[f(0)12/H2=0,110,7! (0/0;) S exp{—0. 44(0/w,) ¢}

DHEH LT, T=4,6,8, - 18sec DFHJBAIOWTREL T 5,
Fig.2 s X0t 3z, il (MEROME) OWHCH T 2 HEBOICERE (RIE) OFHEEROHE

6 6
=060 Fr=0 Cb=0.70 Fr=0
o -0 ! e =0.05 -
; sk €=0 =0.10 % ] o=
N =0.15 25
=0.20
=0.26
4 4
3r 3+
2 2
(N W (NS
0
o 20 oo
L .
Fig.2 Response Amplitudes of Relative Bow Motion in Regular Head Waves
& S 6 3
Cb=0.60 z a9 Cv=0.70 A Al
2 Fr=0.10 = 60 2 Fr.=0.10 —-—: = 80
2 =39 -2 S N = 90
N =120 N ——: <120
=150 ————: =120
=180 ————: =180
a4
3 -
2
= 1
2.0 e
VX
= °° 6
o = 30 Cs=070 Ty = 30"
£ S| g | Fozo =iy
N =120 R o evad = 90
=150
=180 !
| a
3 .
2
- ~— | -
2.0 °s
iTx
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Fig.3 Response Amplitudes of Relative Bow Motion in Regular Waves

from Different Directions
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Cb=0.60, L.=150M Cp=0.70, L=150m

Fr.=0.10

Fr.=0.10

o 1 1 1y ! 1 o} L L L 1 . -
0o 30 60 90 120 180 180 [0] 30 60 90 120 150 180
© (DEB) ———— 8 (DEG)

Fig.4 Standard Deviations of Relative Bow Motion in Short
Crested Irregular Waves as Functions of Heading Angle

Cb=060,L=150m Cb=0.70, L= 150m
©=0°(HEAD SEAS) © = 0° (HEAD SEAS)
ﬂ
] L L o ) |
[¢] 0.05 0.10 0.15 0.20 0.25 o] 0.05 0.i0 0.15 0.20 0.25

Fig.5 Standard Deviations of Relative Bow Motion in Short Crested
Irregular Waves as Functions of Ship Speed

Ato HHPAWIERIIROBY TH S,
Zyo + amplitude of relative bow motion (at fore perpendicular)
hy : wave amplitude
A : wave length
¢ : heading angle to regular waves (¢=0°: head waves;

Fr. : Froude number
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Fig.2 s X0 31cint & 5 i &g
(2) BIVU(3) OBARZ PARFNT g":;’;“ AL
(1) RIS THES h - B8 OBWEX T Sl
+ B ERSER) O EEE O MATTIE R/H T Ca

¥ Fig. 4~7 Wid, 10

Fig.4 &3 R/H %R OISR |
FREHT 208 0 DB E LTk
LTk, EFEAHEREL =0 LT
%, Fig.5 Cit R/IH 771~ FE Fr. ©
BB LTHbLTW 5, ShHORTIR
RE 150 KOBFEOFHEFRL T 5,

Fig.6 53X 07w R/H % VL2, ®
B L LCEbLTWS, 2T

e=gT?2n (12)
) oed el 8
g : acceleration of gravity

Cb=0.70
0=0°

T : average wave period

THT, Ao XAHAR O PHBERHT 1.0
L& LWEAYET 5 BRI OB R HE
W%, THAPFOE DBREREDE
RITME RIH % JIL2, DB : L C&b
L7 Fig.6 X 00713, #HARH oL
IRIE O ERITCE Zro/ho & VLA DBE
L LTHEbLE Fig.2 BIXU 3 HEL
T3, Fig.6 BRI T7TRRT X 5 InER
FTRFENTE B O, (2) BT (3)
DESHEHROBEARZ PAEEELT
R/H 0 E» i bTh b,

Fig.8 12ix 1966 4 DHER X &%
IMEEEXEREDCEE L LTELL TV,
Fig.8 R X 3 BRI FTHHCOWT, SHBREEC 31T %5 Deck Wetness O FERNR 1/10 % iR
2 ABRCHYT AEHBEEE Hiane % (6) T OTHELLERY Fig.9 8XO 10 ©Rd, chbol
TIRE 150 KkDBAD Hsanen ¥ FHEBHT OB L LTERHL L TV %, SHBREEIC 85 Deck
Wetness DR 1/10 TiX7e{ BRokfE ¢ B2 2BRCHEHMTHHFRERS Hion ZRDIIIZ KRR
THIE IV

R/H

0.5

0

S
\\s
N
Q
R
s
N
3

o] 5 1.0 1.5 2.0

VL7xe (he= 20 T2

Fig.6 Standard Deviations of Relative Bow
Motion in Short Crested Irregular Head
Waves as Functions of /I]1,

Hiqpy=H;une/ \/loglo(l/ql) (13)
CFl, REEXOKREINS T ARBHE fi > TH5BAIIL, D Deck Wetness O HERM S 5
B ¢y #BZ HBRCHST 2EHEEE Hionwo KO L 3175,

Hipyiern=Hsqn X (HIS) (14)
X T, EHEREEC ST 5 RS OB A EMNERC OWT, BB OhIERN RO X 5 i
WERNPRH IR,

FAE OB EIC T 5 BN EE OERREE DMK TTIE R/H 13, EEIBREBC TR AEL, /ol
BERRETILORHA L, BEDIRAR X v BEIRB OGS i EENERERC i L Ci3iE 1/2 BEREAT 5
(Fig. 4),

W OREI T 5 AN EB OEREREOMKTTME R/H 1%, FEMECRE CREE O R DME
WBASYRBRE-BCBEOBME L AL, BIERECIIHREOHEME & ErcEHAT AH
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% r¢ (Fig.5), 8 — , - : i 0.08.

KRBT, BEOWECKT 5 HEEROIR S .
& D HERTTAE Zrolho (X EEMERB T VLA= :.I <
0.9~1.0 DEPARHERL BN (Fig.2, 3), K P 0.06
AR ci, ME OBER T 2 HxhES) OEEER
ZEDERIE R/H 2 EEURRE < VL]1,=1.1
1.2 (Ae=gT?27) 2705 X5 I FHBERT 0% 4 0.04
BeEkEns (Fig.6, 7)o L 7223>T, Deck (
Wetness DRERS il & 21E 1/10 2% 3R '
ReHMT 5 BREE Hsaneo ZXEMIIRET 2 ~0.02
VLA, =1.1~1.2 w5343 % PER AT OWE i : Cb=0.60 i
TR/bhEies (Fig., 10, | TTTTF Cv=0.70

B 2 7-AREL OMYE O BRI K3 5 FREEN L — R 00 125 150 7% 200 o
CHERIMBOENL D AT, Lo

Fig.8 Bow Freeboards According to
the Conference on Load Lines
1966

Z B bR B A R O E R ER OFEERE
Roffix, 2 MY v 7B X AMEHEESOCEBEE
OB EH + Modified Pierson-Moskowitz Wave
Spectra (ISSC Spectra) #FHWCEHE I LD TH S, FHOTHABREREY TOFHRE & H L SFIHH
BETO2@D1F 2R —DHKLDT (2) I (38) DrI3REARYZ P AL TC—RAUREDLLELZNY
5hEVd ARG D, FREEH B XOEEERET © BRE » HOE & ORI oW T 3 @RS
Do Eiz, A VMY v FEE L AMEHENSESHOCEBEEOERIECIMREROR LY OB F2EEINT
BHT, HEEBHECBROCEE CRVELATRbh 50T, HAKFOREIERE X BaRatHEL
D—BOBEXRET A UENL S, 5D Nordenstrém!?, Joosen 418 pIR&C kL, MEHXEE OIS
ZBR (RIB) DA MY v 7ERC I DHERBFFMEIEEEREL Y LEVELRS Z LR EHIN TS, L
22T, 2R LRAREENERORBEREDEKRITME RH (LAMEL > Tk D, TOFERELT
Fig.9 5L 10 @ Higpp BEKELLOTHSEZ LABEIND, BEOHT O RRERER CRER)
CHLEBOERNAEINTVWR LD 2 Thb, X5 RIH BXIU Hsyno DFEE 2 2 R ERAIOME

Cp=0.60, L=1{50mM, =0 Cp=0.70, L=150m, 8=0°
'8 1 T T T T T le T L T T T T
518} _ 3
2 g
s >
14 %
T T
i 12
10
8
6
q
2L ©° Fr.=0, x Fr=0.15
Fmo =0.05, 0----: =0.20
a—— =0.10, v—— =0.25
0 I i 1 1 1 A
4 6 8 10 12 14 18 18
T (sEC)

Fig.9 Significant Wave Heights.of Short Crested Irregular Head
Waves, Where the Expected Probability of Deck Wetness
“q9” Will Be 1/10, as Functions of Average Wave Period
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Cp=0.60, L=150mM, Fr=0.10 Cp=070, L=150M, Fr=0.10
18 18 -
z ERL
g g
5 % 14
x T
i2
10
8
6
4L ]
1 9= 05180°
2k ———-—: =30,150 B
—-—: =60,120
——em--=~1 =90,
o o 1 1 1 L 1 1
4 6 8 10 12 14 16 i8 4 6 8 10 12 14 i6 18
T (SEC) T (SEC)
Cb=060, L=150m, Fr.=0.20 Cp=0.70, L=150mM, Fr.=0.20
T T 18 T T T T T
g 216
s g
< =
% s 14
I I
12
10
8
[
4 | |
0= 0)180° :8= 07180°
————: =30,150 2k ~———: =30,150 ]
2r —_————: =60,120 N —_——— =60,120
———————— : =90, mmememm— =90,
i 1 1 1 1 i
04 é é |lo |l2 |l4 IIS 18 04 6 8 10 I2 14 16 18

T (sec)

T (seC)

Fig.10 Significant Wave Heights of Short Crested Irregular Waves from
Different Directions, Where the Expected Probability of Deck
Wetness “g” Will Be 1/10, as Functions of Average Wave Period

LIEOTWBE b, DOERBRS Deck Wetness i3 5 BRI FHIOIEES ¥ - ETFRBREADEL 25T
WHENRSE D LRERYET 5, kK, S oBAERERC LD R/H b5 Hignn ST 58

ERBD X 5 b 0B bhiud, ERAAEIR X% Deck Wetness B3 2 EHFFHIN X h 2wk e
bhB3Ths5,

(Wet-Deck Navigation B35 BHFHD

Walden'® 1z x 24k kPEEED A,B,C,D,E,LLJ,K 5L OM D 9 EEOWRHKBEELIBS L1 D% Table
2B IV IRTFTo FRIINLKAFELRORYOWRABBHE L MET 5 L OCBREIEKIIC R LTV, 2hb
DRI TRBREBFFEY B CIATBEEC B M3 5 i3 © “Wet-Deck Navigation for ¢ > 1/10” (G
Deck Wetness DR 1/10 &#hx % X 5 Iei¥ERE) ORMIFUE AR o7cERy Fig. 11~16 ©FEd,

Fig.11 13, & 150 KOMHBLLHLRERCHM LB ECE D Deck Wetness OFERH 1/10 % iz
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Table 2 Wave Frequency in the North Atlantic
(According to Walden’s Data)

“Spring {for All Nine Weather Ships) (57.273 Obs.) Summex {for ALl Nine Weather Ships) (56,931 Obs.)
‘ Wave Period {sec) Sum . Wave Period {sec) Sum
~ over All - N over All
B 7 3 11 13 15 17 Periods TS 7 9 11 13 15 17 Periods
- s : _ L ;
! 0.75 | 4031 2951 0.4 0.49 34,87 0.75 J..87:98.1 24.70 8,921 3.551 1.091 O.113 0,041 1.46 87.56_
E 1.75 4 61,64 0.4 0:17! 0.87 276,36, 1.75 J.339.66 120192 1 90,081 20,64 2.0 0.44 ! 0.11 1.40 |  456.53
kg 2.-,5 4 0.26 0.09 0.49 2.75 4 141,62 5 109.33 1 19.46 2,301 0.35; 0.07 0.68 0.
3 3.75 0.76 ' . 0.16 0.19 3.75 35.44 ' 51,70 ! 13.89 1.53 0.17 0.23
| .75 1,03 0.09! 0.32 | s 6:53) 25,051 7.15) 1.07) 0.05 6.2
HEl S ] 0:541 0,09t 0.05 O s 1.351 3,834 2,841 0.30 ! 0.09
1 » 675 0.49 0.10! 0.03 ¢ . 0.72 1.77 1.23 0,47 0.11 0.05
{13 .78 0.23 0.03 0.14 '? 2.75 0.17 0,58 0.67 0.05 0.02 0.02 0.02
3 ; 8.75 0.14 _°~°€_‘__.(_)-07 = 8.75 0.02 0.09 0.58 0,60 0.12 0.02
IR ERE 0.35 ..2:02 St ous 0:058_.9:07.8 . 2:12
s : $ ©.04 ©0.02
43 10.78 3:.9:02 3] 10.75 --- -
. v 0.05} 0.0z 0.05 0.02
j 11.75 Q:92 21,75 ---2:030. 22020 Ll QO 2020
i . 0.0%
12.75 Q.02 0.09 0.02 12.75
e 0.03}_ 0.05! 0.02! 0.02 13.75 2:9%
0.09 0.09 14.75
14.75 H 02 " ooz
15.75 + - 15.75
S ; - ) by 8 1412.61 i 281,93 ) 70.15 9.42 1,34 0.24 4.13 | 1000.00
over ALl | 206.20 1 345.96 + 367.13 : 145.24 + 27.52 4.38 0.88 2,697} 1000.00 over All [ 220.1 . . - . . . . X
Heights H Heights
H
Autumn {for All Nine Weather Ships) (57,340 Obs,) Winter (for Al Nine Weathex Ships) (55,825 Obs. )
wave Period (sec) Sum Wave Period (sec) Sua
over All over All
5 7 9 i1 13 15 17 Periods S 7 9 11 13 15 17 Periods
0.75 27.75_ 0.75 0.99
: 1.75 4 13.06
1.75 A .
2.75 37.87
2.75 B
3.75 45.03
3.7s :
{ 4.75 36.45
~| a3 z . - r
2l s.7s 420,91 Sl s.7s 221 0 22,46
it 621 12,93 2| .75 16.80
£ 6.75 - S
L4 P 7.75 10.94
qa 7.75 K] .
LB 8.75 g B.75
§ 9.75 H 9.75
=1 10.7s 10.75
11.75 11.75
12'75 12.75 .
13.75 13.75 0:23
14.75 - 14.75 £..9:95
. L 15.75 ©0:93,
15.75 T
Sum ; i H H Sum H H T
{ 3 H
over ALl | 92.81 | 328.77 | 394.56 | 144.52 | 30.08 | 6,06} 1.11} 2.09 | 1000.00 ::f;h“‘;‘ 56.84 | 293.31 ) 386.84 | 197.82 ! 50.64 } 11.03! 1.57} 1.95] 1000.00
Heights : ; : H H i : i H
Cp~0.60, L=150m Cb=070,L~150m
<) T T T ) T T T
o I’
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e 0 e ]
g :0= O < :9= 0
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~

15 20
SHIP SPEED (kD

0 5 10 15 20
SHIP SPEED x1)

Fig.11 Long Term Probabilities of “Wet-Deck Navigation (¢>>1/10)” on
the North Atlantic in Winter as Functions of Ship Speed
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Table 3 Wave Frequency in the North Atlantic
(According to Walden’s Data)

3 Beaufort (for All Nine Waether Ships) (26,285 Obs.) 4 Beaufort {for All Nine Weather Ships) (42,700 Ovs.y
Wave Period (sec) Sum Wave Period (sec) Sum
over All over All
F 7 9 i 13 15 1 _Pariods H 7 9 11 13 17 Periods
] 0.75 J 9,783 5.55% 1.411 o0.111 0.,04% 1.03] 0.75 J..25:493 16.09 2,011 0,33 0.37
2.75 | 11110,56 ¢ 35,91 ¢ s5.93¢ 0911 0.1t 1.33] 1.75 112708} 225,85 25,341 2,931 0.26% 0.09% 1.3
2.75 101,991 37,544 .4.76 1 O.763 _0.27%_ 0.49 2,75 4--20:94.1137.83 ) 34:481 __4.071 0,543, 9:.053 0:39 |
3.75 2,781 0.42.%_ 0.04%0.23] 375 .. 1:838 20.45¢ 465} 22,678 4,311 o.361 005! 0.23
1 as ] 8 5 01 _1:604 0.343 0.04i_ 0.08 1 ams 0.234  3.561 11,151 7,204 2,15, _0.35 0.09
[ 0.49 ¢t 0.11t 0.08 El sos 0.02! 0.371 1.87! 2.15% 108} 0.19 ;
'S 0,30+ 0.19 s| 675 0,021 0.144 0.73:_ 0.84) 0,213 0.07% 0.02
k) 7.75 0.19 ¢ 0.08 ! 0.04 0.04 ] [Epapts 0.05' 0.19' 0,37! 0.12! 0.1z
2l a5 0.081_ 0,041 0,08 0.04 2l a0s 0,09} 0.07: 0,124 0.14; 0.05
2l o.0s 0,041 0.04 2l 5.5 0.09 0,05 ¢ _0.02
2 005 . 2| 1075 2:22 . 0:02
11.75 2:24 2.0¢ 11,75 0:02 !
12.75 12.75 ¢
13.75 13.75 ,
14.75 . 14.75 4
15.75 - : 15.75 i
Sun Som :
over All |222.48 {376.10 1270.56 1104.73 | 17.43§ 2.88§ 0.5 3.28 | 1000.00 over AlL | 175.631408.433300.383 93.19} 15.393 2.16} 0.21} 2.61| 1000.00
Heights . : Heights
5 Beaufort (for All Nine Weather Ships) (53,819 Obs.) 6 Beaufort (for All Nine Weather Ships) (41,349 Obs.)
Wave Period (sec) wf‘i"m Wave Period (sec) Sum
s 7 9 1n 13 15 17 Periods s 7 Py Py 73 s " ::tzp:il
0.75 6.45) 3,771 1.581 0.591 0.07: 0.04 0.13 12,63 | P N T X I I Y o
1.7 L.73:27.0248.221 63.56 % 13.751 1,821 0.261 o.1x! .89 299.88 | Soe L an.27l 53361 22,98 4,520 0:31 sost o as
2.75 ] 165,021 164,26} 3.991 0.43)_ 0.131_.0.67|  425.05_| aore | 27080 162,914 14564 % 3052 4353 L . Q38,0 0:05 0., 0141
3.75 3.271 $0,79% 94.32) 32,90 5.37% 0.65% 0.13% o0.20| 187,65 e 5 240 56084 165,80 1 51,07 L 6.67 L 0.87 L 0,37 L 0,31
| o7 0:33 z:: zi‘:: ’:':i 3": 0:561..0:081  0.171 . 5230, | aas Lo.0:73} 2,188 se.sst areat sori .38 0,101 0.41
1 3T o s T Ties 2,06 ;.:9 :.;; :':2 ‘23 Il srs Lo0nd0 A20L MLRL MS0L 20 0u8L. 0101 0:02
51 6.78 . o5 o‘ss o.ss o.n 0‘07 2 1.65“ I3 6.75 4--.9:02 1,86, 6.41 7.38 3,31 0.51 0,07 0,05 |
vg 7.75 2 - b4 ht et s 3 7.75 0.08 0.36 l-?? 2.81 1.40 0.31 °'°§-L-.9;?2
£l as 0,09, ©0.221 0,32, 0.28: 0,06 0,97 2| ggs |..o:02i o.ast 0.891 1:1st o.69% o0.311 0057 0.02
5l o7s 0:080..0:07.L. Q250 0L 0:37 2l 5.5 0.05! ©0.17! 0,41! 0.22} 0.22 T 002
=1 10.75 2] 1075 0.05 0.02
0.02 0.02 .
11.75 .75 0.02 0.02
12.75 0.02 0.02 12.75 2:92
13.73 =] 13.75 0:02
W,75 14.75 4
13.75 15.75 i
overALl | 116.611396.79 § 355,93 {107,021 7.59% 2.50) o.s1} 2.06] 1000.00 Sum g
Feights ’ . . :Z;;hxx 57.46 ] 335,96 | 428.07 | 145.86 } 26,01} 4.46} 0.63} 1.55| 1000.00
i
7 Beaufort {for All Nine Weather Ships). (25,278 Obs.) 8 Beaufort (for All Nine Weather Ships) (14,245 Obs,)
Wave Period (sec) Sum Wave Period (sec) sum
over All over AlL |!
5 7 ° 1 13 15 17 Periods s 7 9 1 13 15 17 Periods
0.75 0.44 0.67 0.16 1.51 0.75 0.071 0.63) 0.42 1.40
1.75 24,151 6,691 1.46!_ 0.28! 0.04 29.62 1.75 4 {_2.25 0,078 0,07
2.75 82,597 78.321 17,95 _2.491 0,24 0.08 197.99 2.75 26.60 0,071 _0.14 0.49
3.75 J..8:33.1 95.05 1164.26 { 53.24 3,75 4 94.87 | 3.26 0.35 0.42
| ars 1,421 43.311120.76} 54.03 . 9.68 2,611 _0.241_0.36 ~} 475 124.07 3.09 4 0.35, 0.84
ICh 5.75 J...0.24 1 12,89} 49.16 % 35.87 7.08 1.03 0.16 0,12 & 5.75 o 82.18 { - 2.74 0.84 0.35
z 6.75 0.08 7.40 22.26 21.55 6.73 1.15 0.04 0.08 z 6.75 2.18 0.28 0.07
‘g 72,75 doaee 2.77 5.97 20.17 3.68 0.75 0.04 0.12 g 2.75 0.77 0,14 0.42
3": 8.75 0.04 1.42 3.28 5.30 2,85 0.55 0.04 E 3.75 | 2:._04 0.21 0.14
g ss 0.55f 1,231 138! 1.70% 0.55 0,16 2l o7s 2,53t 0.63% 0.07
=] w078 212 o212 2! 1ou7s Q:28.1
11.75 0.08 0.08 0.04 11.75 0.14 4
12.75 224 2:24 12.75
13.75 294 13.75 2:97
14.75 0.04 “:75 ki 0.07 0.14 0.07 0.07
13.75 15.75 §- . 2:07
Sum Som .
over AlL | 30.84 }260.57 1452.72 $201.27 | 43.75 } 8.31 % 0.601 1.94 | 1000.00 over All | 13.60 {189.32 }436.67 1262.44 1 74.71§ 15.31} 3.01% 2.94 | 1000.00 |
Heights' Heights i
9 Beaufort (for All Nine Weather Ships) (4,014 Obs.) 10 Beaufort (for All Nine Weather Ships) (1,801 Obs.)
Wave Period (sec) -Sum Wave Period (sec) Sum  f
over AlL over AlL
5 7 9 1 13 15 17 Periods s 7 9 11 13 17 Periods
0.75 0.25_ 0.25%_ 0.25 0.25 1,00 0.75 i
1.75 0.75%_ 1.493 1,741 0.25% 4.23_ 1.75 4.4l 2.22 1,11 7.7 4
275 1.744 10.21% 8,97 3.49% 1.25 25,66 _ | 2.75 0.564 _6.664 _6.661 0.56 38,45_ |}
.75 1.74 ¢ 23,431 39,62 ¢ 16,94 ! 5.48 % 0.50 87.71 3,78 2.781 11.10% 15.55( B.88) _5.56 43.87_|;
A < 0.75 % 20.914 75.254 41.37 ) 15,20, 8,221 0,754 0.25 | 171.70 | 4 0.56% 18.88% 38.31% 25.541 9.991 5.001 0.56 98.84
5 5.75 1.00 17.95 72.26 44.11 13.70 4.24 0.25 153.51 5 5.75 12.77 50,52 31.09 13.33 3.33 1.11 0.56 112.71
: 6.75 19.69 74.75 59,05 23.93 3.49 0.75 0.50 182.16 E 6.75 0.56 17.77 63.84 48.85 23.32 6.66 1.67 0.56 163.23
s‘ 7.78 12.22 48.34 49.84 15.94 4.48 0.75 0.50 132.06 3 2.75 15.55 56.07 50.52 22.21 5.56 0.56 0.56 151.03 .
g 8.75 0.25 11.72 33,64 49.09 24.92 10.71 0.50 0.25 131.07 E 12.77 39.97 59.96 32.20 4.44 1.11 1.11 151.56 i
2| g5 7.72 % 18.10 % 32,65¢ 19.19 % B.22 ! 3.241 0.5 89.71 [ 6.661 31,651 75.50! 47,741 18.32%1 9.44% 0.56| 189.87
£1 0.7 0.50 ) 1.25% 2.74 % 0.50! 0.25 5.24 2] 075 8.881 4.44) 1,111 1.67) 1.11 17.21
11.75 0.50 ¢ 1741 1.74% 0,75 4.73 i 2.221  1.11% 6.661 _1.67 12,66
12,75 0.75% 0.25) 1.99% 2.743_0.75 6.48 g, 0.564 0.56) 8.331 10,551 0.56 20.56
13.75 10:7%8 0.50 1 1.49 0.25 2.99 13.75 0.56 2.781 2,78+ 1.111 0.56 7.79
14.75 0.50 0.25 0.25 1.00 14.78 0.56 4,44  1.67 0.56 7.23 1
15.75 0.75 0.75 15.75 0.56 1.11 0.56 2.23
Sum Sua
over All 6.23 1136.57 1374.26 $303.02 }126.82 § 41.863 6.74} 2.50 | 1000.00 over All 4.46% 108,28 ¢ 316,45} 318,12} 179,80 ¢ 51.10} 16.12} 5.58{ 1000.00
Heights Heights
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Fig.12 Long Term Probabilities of “Wet-Deck Navigation (¢>>1/10)” on the
North Atlantic in Different Seasons as Functions of Ship Length
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EX 150 kot kBEFEC B\ CRDMERR Beaufort 8 OWE % HiMg 3 2 BAREHD Deck
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MEDRN S EH O ONT, *&RIMEC>\T, Fig. 14 LABOERNMEONS, ThbLOER
I b, FENEES Lic “Wet-Deck Navigation” OEHIOBER @110 XHREOBEE L LTHi>7 Fig.15 2%
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Fig.15 Long Term Probabilities of “Wet-Deck Navigation (g>1/10)” on
the North Atlantic for Different Beaufort Numbers as Functions
of Ship Length

Lo X, EEABREDOBE L TRTCOHBEZER LB EOBERLR LT %,

BED X 5 b KPEEEIC 38135 “Wet-Deck Navigation” OEHIMERFRKERL D, Ko X 5 h—iBtER
REHIh%,

“Wet-Deck Navigation” ORHIBERIIIEEAPRE TR D AE {, FDAPRB Tz LkD,
BBCRAE X 0 BECRE TR IEEABCIRIC L U OB/ Ew (Fig 11, 14),

“Wet-Deck Navigation” DORHIBERI—RCEHHEOBAICKE L, MELETIRIZ LRIV LHIE
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BEBERFEMXE FlUF
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Fig.16b Long Term Probabilities of “Wet-Deck Navigation (g¢>1/10)”
on the North Atlantic as Functions of Wind Force (L=150m)
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Fig.16 ¢ Long Term Probabilities of “Wet-Deck Navigation (¢>>1/10)" on.

the North Atlantic as Functions of Wind Force (L=200m)

ARLD, ¥R LT EMERS 2L TChAERRD 5,

JERFERE W~ TiE, “Wet-Deck Navgiation” D BEHIBERIILELEL AL, K=, BFoHC /P
2b, BHEIELPIW (Fig.12),

JEAFERE BT, “Wet-Deck Navigation” D RIFHERIIANOHE AL L ICBBCKE /B, L
2L, FEsHLLBANOXREVWHRAII L OEMOEEIL/ NI ts (Fig.16),

R R R A — R ERE, “Wet-Deck Navigation” o —Jf @ ¥#8 2 L CEHFBEERIC 1 5 Deck
Wetness DR 1/10 #8825 & 5 & filEREBEHEEL T, JLkERC KT S “Wet-Deck Navigation” o
ENERLHEE LERE» DB LR LD TH D, “Wet-Deck Navigation” DE:¥sr U CigHiBREEIR 1t
% Deck Wetness OWER%Y 1/10 X D dREWES B WIX/NEWEL &0 T “Wet-Deck Navigation” o EHj
HRETFUTHZLHTEDL, Fh, JRAEMNOERCEITS “Wet-Deck Navigation” o EHifeR%
FHITHZ LHTES, LL, Deck Wetness B¢ 2 —fEM L LT, T CHLIERIZXDT
KBENHDEELZTINAS,

5 #&

BRI B8V 5 MEFIRD Wetness 1B84 2 ik X CRMOHFHTRELIREL, —REYWBNLE %
e LT, dekFaFRBIT 3 “Wet-Deck Navigation” DREIMERS MER], FEifds X O BEIEEICHESE L
7oo TRIRER LD, Deck Wetness B4 2 —RIEA L LTKRD X 5 ka8,

(a) Deck Wetness DHERIZIEEMFCRBIC S\ TR SR E L, HMIERE L b BEREOSE CILIERE

SAFOREBC T B /N & W

(b) Deck Wetness DHERIBEOBAKEL, WEXETIRIIL K XD ThH 2BE Deck

Wetness BT 5 Z LI TE 5238, ME 10kt BELL LD CIIE OB ET B/ X\,

(c¢) Deck Wetness i2BL Tit, KREMIPMEME D b1X 2 0CEBFITH %o

(d) Deck Wetness 1cBIL Tk, JEL7-MEIFRMEL D LHFFITHS,

(&) JLXKBEF#\TIX, Deck Wetness OBERIILICHE L A2 <, BEHCEL /Ny

(f) JLRBEFE B\ Tk, Deck Wetness DHERIZANI DA L L AR ABBMICAZX D2, 5 L A

il
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NDOREVCBERILDOHMOEEI NI %,

T ZIRE LIz Deck Wetness 12B8-4 %81k X ORMOFTHERI S BERHEOACE T b0T, BH
hoEROEHENERIET LA 0 L Bbh5s, TOTENEEML, BE OFECT 5 EESOH
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