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abstract

The Seakeeping committee of Korea Towing Tank Conference executed the cooperative experimental
study on deck wetting phenomena using S-175 contatiner model ships. Two members, Korea Research Institute
of Ships and Ocean Engineering(KRISO) and Hyundai Maritime Research Institute(HMRI) participated
in the study. This study was initiated by the ITTC(International Towing Tank Conference) Seakeeping

AR 1991 3¥ 8, AFF LA 1991 99 249
* Y, Mudn

**x PQ, #HAZIedTFAL

**xx Y HRHRHFATE

KEEATRAR IR H204H 14 19924 3R



72

W2E, F2d, FAF, 9%, 4d

Committee as the cooperative study of the 19th ITTC aiming at the establishement of the model test procedure

on the deck wetting phenomena. Special emphasis was made on the determination of reliable record length

for experimental measurement on rarely occurring events(such as deck wetness, slamming etc).

Comparisons were made on both the test results and the test procedrues in this research. The measured

frequencies of deck wetting show remarkable deviations between the runs. This fact implies that sufficiently

long record length is required in the deck wetness measurement compared to the conventional ship motion

tests. Careful considerations were made on the physical interpretation of the deck wetting phenomena, the
correlation between the measured relative motion at stemhead and the measured deck wetness, and the

estimation of deck wetting frequencies by Poisson process.
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old) sj4 =t oWl RMS(Root Mean Square
Value) ¢t& e 2AF Fo 787 ol
F2EIY e Higel TdE gholnh

3.2 @D e

KRISOSt HMRIZ} 433 4 Y A7 Tabledd
Fig2 t&7 ol Aeldtdd, via 2 Fae
ITTC W34 E3ex 833 88 FHE 7
Act.

e 2.

(Relative Motion)

(resistance type)
A4 015,51
(resistance type)

g = KRISO HMRI
FZ(Ho]XEXFo}) 210X16X7m 210X14X6m
2y 4 $-175 S-175
% 3 o 1/43.75 1/38.889
A473 self-propulsion towing
Sampling Rate 20H, 10H,
Date Acquistion Time 338.66sec. 205.8sec.
/Run(Ship scale)
No. of Runs 25 38
Tatal Record Length 2.35hours 2.17hours
A &5 Az 2 AZV7
%4812 5 (Heave) Mg (T Al E) EAFA(EHAL0H)
% &% (Pitch) FAFA(EZAA 20 H) FAZA(EAA L E)
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(Incident Wave) (resistance type) (servo-needle type)
A EE A4 0.039L,, 48 F.P(capacitance type)

FaHF
(Deck Wetting)

FP. & 0.1Lpp ¥
(Video & Capacitance Type
Wave Probe)

F.P(Video & Capacitance
Type Wave Probe)

& d 3

(Slamming)

St. no.3(Pressure sensor)

St. no.3(Pressure sensor)
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Items | Tables or Contents Remarks
Figures No.
Wave Table2 |RMS and Modal |KRISO/HMRI
Period

Fig.2 Crest and Trough (KRISO/HMRI

Fig. 3 Energy Spectrum KRISO

Ship Table 3 [Mean and RMS KRISO/HMRI
Motions
Fig.4 Amplitude KRISO/HMRI
Histogram(Z,)
Fig.5 Amplitude KRISO
Histogram(Zg)
Deck Table 4 |Deck Wetting KRISO/HMRI
Wettings Frequency
TIME HISTORY OF
ZMEASURED WAVE RECORD
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NEGATIVE ihe
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h: SINGLE AMPUTUDE o, DOUBLE AMPULITUDE

Too: PERIOD QF PEAK TQ PEAK Tz PERIOD OF ZERQ CROSSING
(MAXIMAY (ZERO UP CROSS)

Fig. 1 Sign conventions for data analysis

Table 1 Sign conventions for the measured

items
Items Sign Symbol
Convension

Wave downward positive G
Absolute Motions | bow-down positive
at F.P. Z,
at 0.15 L, . Z,
abaft F. P.
Relative Motions | bow-down positive
at Stem Head Crs
at 0.15 L,, Sr
abaft F. P.
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Bo} KRISO® +09%, +17%) ¥l3) o &
Aol & BoFE) Fig 291E A e 3}7‘03'—]'
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9] £XE Rayleigh £X& f&cia gaA
Jerg RN FHI}E B P X
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ol 484N e EFYAEY 2¥}
Rayleigh X & m2+= A& 2 ulrl Ach. Fig.
2914 HMRI®] A& x]7} Rayleigh ¥ oA W
v ZA4E Fled, Ao 33 AygAnE

Table 2 Measured wave statistics

Items Nominal KRISO HMRI
OSuw/Lep 0.0113 0.0114 0.0125
Hin/Lyp 0.0450 0.0450 0.0504
Toy/ &/Luw 3,50 356 3315
28.00 Histograms of
Incident Wave
H1/3+7,88m
24,00 —8— uRi
——— KIS0
120.00
15,00
z
FEXT A ,N>
H 7 A 1\
3 2]
z 3.00 S N
// Y
BZ AN
0.00 | —\I\‘

~0.35  -0.28 -0.15 -9.05 0.05 0.15% 0.1% 0.3%

Crests & Troughs a0t

Fig. 2 Crest and trough distributions of incident

waves
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Table 3 Measured ship motions
Absolute Motions Relative Motions
Institute F.P. 0.15L,, Stem Head 0.15L,, Remarks
o2/l o/Lop or/Lyp or/Lp
KRISO 0.025 - 0.033 0.023
HMRI 0.028* - 0.010 -
PAT—86 0.027 0.023 0.028 0.023 Call4]

* . generated data from measured heave and pitch at C.G.

43 YEAF gz

HMRI®] F$ #8A4 Blxye] A2E 2
VideoZ 3}%1.2.7 KRISO2] F$ &34 stuAE
Nz TRAF AZ7E AR 3].

Tabel 41 Yebd FHASF HAxFe vl A
AAo] ¢ AL W FA H= AR+ 3
F& JEd Zelvd, HMRIY Z#H5 B39

& JAFA MY AE s FF 3 3o
. RS ¥4 £ HMRIA 245
239 2EY whye WgdT ANZ=ayd
o5} olFojHth o] o, NHH HFde £ Al
28 2 ds 4 ARA FRASF
N=45E T80, 340 Aol mE 188 &
AZX F3lo $HE AAAFVZFE 4
o},
HMRI® 373 KRISOS #AASF ASZAE
@ B FP 2 AF 01L, FHdlA 25 of
20% 2 RS JehAch 010, %3 F.
PlA ZRASF WNESF Hle & 2%2 FAT
g 2ol 8 BAT owwst 4 runvit} A&d

9] sgazgkol oiduEl7t KRISOY A% 21%,
HMRI® %% 24% 2 vehd adF AZFA
ZEZ AZA T oS AT At 193}
ITTC WA 23 raxdqxe J4ge A
AI1ZHg w7} Aol 2008 ol AE A
A BF o] Aoy AMA 14E A3
glen, ol Z vty FHFAS YEFE
oz wgsty YA BezN A3 g
T10%He exEgl s Aedted Al A
SAY Aot N@uirky PAAF NEF A
Z32)9] Apol7t A¥ A& YAt B E, AYW
Wl zte], Zr runvitie AFAIL Ae], AR
Aol wMAYAAT drtA e AE e
Ba5og olg NAE f3lde FESE =¥
Al R ANYY, T 559 JAgY T8
SELEF AN AT EaE Aoz Y7 EY.

4.4 AU2SD ATETote 43 2
oA o] B¢ FEAT7 ALSE wjAde
Ao Me AR g ute} Zo] AFE JueFH

[ABALF MEFY EEAA Y [FPAF W= AR5 Wizl FAZ dBEol flcke
Table 4 Deck wetting frequencies
Institutes Nws Nwo Nuwi/Nws 6Nws/Nws
KRISO 0.408 0.357 0.875 021
HMRI 1.07(0.505*) 0.76(0.430*) 0.710€0.851*) 0.24

Nw : deck wetting frequency per unit ship length advance
subscript S for stem head, L for 0.1 L,, abaft F.P
* . corrected value for errors in significant wave height and modal period
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Lloyd[1]12] A& o] 13leh £ 193} ITTC LA
(pp 438 Fig. 5 i)z AFE 57 4@
Aol FH@A 7 glivkes AdF A

KRISON A& A& | A5 453 s
Aesz 2 g2 4dAE s 9A
ITTC7t 878, & AFAl FEHA g 4=
AEE TE37] A%td 2o 54 5L #e
678 SHAY A=AZE AT 7 gral
Zulty 4—539] AZE FYP&AD F ASvit
124 £330 2 2TARE AAAAY

Table 591l YAHE Hx9 EAH 548 &
At dde BfEAEN 2F g2F8E 20S
5% ojWel Fdoat FHelM HEAZDE Y
Bl £ Mo g JHuAE B A3
Froudes 0.1590 ti3 A @& F712 HA 8.
Table 6°] A&ol m& JPAZFALE YeERA
o

e F& FBAAE WA Froudes 0.159)
BF —0782 F9 HATBAE Holm o
48=7t BolX 1 glth Fig 6ol A28 o
Aa A HFdMe Jdsgnz 2 7§
#FHAF AFE vEZd JeElA AT Frouded
02759 A% T & 237t 5% ol Z o
Z AR 9lo™ FroudeF 0159 ALE F
#tel zhelzh 2w o] Wejx: i),

ol F wWe] 2% FAAA Ao zRY
Froudes 02759 7% Ad&53 FHP599
FE@AN % 229 Frouded 0159 A
ABEAN} 2 Qe Aew Jehy,

BAhEF 2719 F7te] wet FRASF WSy
7t S7vE W, dulEe s %9 4w

Table 6 Record length versus wave signal

olst e HYARE AL gy FA Wave No. of Runs
HHE B A ES dRYsee] FAWAE Fv=0275 Fr=0.150
Tt dok AL 4 Fesel B SP1 4 15
AEEFS TEAFSY FaBAA S (correla- SP2 5 2
tion coefficient) & T73to W 3te 3ol &5 SP3 4 2
wye AZE AU g 7HARL Ochid Aol o SP4 4 2
g e FE 7 L ASAG v Be SP5 4 2
Holt}, SP6 4 2
Table 790 &4 HxA3d & AHess Time/Run 5.65min. 11.29min.
Azg goASs A4S B} o 2REH 7 Total Time 141 min. 107 min.
AEgA ASE FroudeF 02759 7BF 09642 (Ship Scale)
Table 5 Measured wave statistics
Wave SP1 SP2 SP3 SP4 _SP5 SP6 Average Nominal
RMS 1.99 201 1.88 2.05 2.00 2.01 1.99 197
Hiz* ' 7.81 7.57 7.35 7.75 7.67 7.67 7.64 -
T." 11.52 11.52 11.20 11.56 10.88 11.48 11.36 -
His** 7.94 7.88 7.52 8.04 8.01 7.85 7.87 7.88
T.** 11.20 11.08 10.74 10.81 10.63 10.73 10.87 10.50

* ! analysis by zero—upcrossing method

* % . analysis by FFT method

Tz : zero-upcrossing period
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Table 7 Measured ralative motion at stemhead versus deck wetness
Fx Items SP1 SP2 SP3 SP4 SP5 SP6 Average

0.275 ORs 6.14 6.09 5.67 5.79 5.53 5.77 5.83

Nw 111.6 110.6 824. 98.3 79.7 904 95.5

0.150 Ogs 5.15 5.15 5.12 533 5.08 - 5.17

Nw 29.2 319 345 26.6 39.9 - 3242

149,00 CONPARISON OF Aol F A2 BE FolA AFAd o)

et ) A1 43 % (threshold speed) (3134 el 71 Qa2 7

1.0 T )= A #3238l (threshold sea state) (o]

LT S0 G Fold A9)el Mg olFel &+ gk Mo

4 o Zolo) wet F@EA 2a Yehte Re F

' e F2dd A 458 B} GFED

FT117 YA E) e Ag Juldy, S175M9 A

Froudes 0275v 1 YAIAE oAU S R F+=

e ] Holth, o] YA BEzPe) vAE 2
- i $E Be AL 42T 4 Aok

oty JoeEH gHyseel A@BAE

fi4) sr2 sn SPé srs sre
WAVE SPECTRUM NO,
Fig. 6 Comparison of the measured deck wet-
ness and the estimated deck wetness at
F.P.

BAE ZHe Aoz #I¥ § Jon, o B¢
BdEFol AEE 2F3A B R Y57 ok
AE R 4d AFFZe] T HAHAGH
AUeEe AP 2FAHE B BAS7H dojuix|
%S Aol o] B4 AT FAAF
4@BAET oAt RE U

Asddess Raidsrst dddde 37
AAxe DA 43 FENYY FULF SO
Uetrtol 8tof ol &) F7HA 348 AT
T ok Addte] 4P HK oz R B4,
337t AL AL F AF3de s 277
F7Hg Folm old @ A#/IrE WANH2
Aolth, AR e M e d&e] TS
AeddE&sd Zads N=s7t 3718 Aol
o

A4, 33 R Ao g2t dFHoly
Fold A5¥ T R A3l A3 FALE
EA35, FolF d&el dAXEe YA
7t EARE FEY 7 o] dHE F3o o9
AFH R0l 7t Aoz YAdd.

4.5 Poisson EZ§ 0|83 2ol vz g9
]

Aupf-A e BololA e ey €@
A&, 71749 R gde A% narrow banded-
nessl F¢H= dANess 2159 A2} (grou-
ping effect) & Box B33, JE A Pois-
son process® Y& A gt} ol #FE ¥
871 913 HMRIANA & 193+ ITTC W34 £33 9]
FHRAF B FF5A7Y P25 rvid
3(China Ship Scientific Research Center)2] A&
Poisson $EIYE #§+E o83 439 vus}
At

P{N(t) =k} = Exp{—vT} E—"le,k-
=Exp{—A} l‘r
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k © integer

v - mean rate of occurrence of the events per
unit time

A [ expected number of occurrences of the eve-
nts in time T

T : time duration

2 BAARE XY FHR Fig 79 veh
Qe A&} A&7t F2 Yg Holy
A& ¢ A ol & AL 13 AXT
duds dy JAFS 882 FREV(4IY
Table 3.690 A T ko)),

Poisson process® 5S4 o2 RE ks d9d
AR AEZALE G2 &S Gamma X E
#eos]

P = == ™' Expl —vt:) 0S¢5

Fig. 80l . o & v=0.222, k=200% i & P(tk)
arole}, Fig 891x AZAIztel 95% AlglF31e
tloms® t]oms® HASUT Fig 9ole HE &
BASF MBS 02413, 04829 0965200 & A
Z2A)12re] 95% A FHE JERAY BN
TH(Ng * La/Ly) 22 30071 R1E 018 A9 A

- . o 5 a2
*y e

ey
) ]

e

§
s)

Prob. Lumutelive Function

PR s o
o, of Decwweinrese

Fig. 7 Probability cumulative function of deck

wetness in 40 seconds(ITTC Participant

No. 3)
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FA7 & YA}Z Qlen 1 %y BYAE
AS AL Al o oz AREY 2y
M ML F3A] T10% 09 Lol 58

.03
. 808
.00

*(tad

o.00 |
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»e L] b ] 1900 Hee 1200 1300
Time Durstion W

Fig. 8 Gamma distribution function P{tw) and
95% confidence interval

Fig. 9 Mean nondimensional deck wetness
frequencies and 95% confidence
interval
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v Aoz vebgen oy 193 ITTC WH¥A
oA #Ag £ ASAIZ 2000 WA
A= Hole g AUl &30 A& Ao 500
o] slojo 3l HoZ MY £ Utk

ool nEZ HE thio F 7hA AdE &
g F AR AA T HA S 4 Poisson pro-
cessE o §dled £HE F J o, 4 193 ITTC
et EaolA AR AAYSF ASo oy
Hagtel 729 ASA|e] Ayt asithe
Aoj},

52 ¢

A 197 ITIC WaH4 239 FEATF “7w
A% A% RYNEA AR e AT
KRISOS HMRIS) 492478 B2 ged 2o
Aeg A9

(D A¥e &3 AZg dALFARAHLE,
AatEE) e 2EY W A% AdAgG AR
Fo UAE HY A2 YEEo

(2) KRISO$+ HMRIANA AZg @daids

e 4 AFAeck dA F@gkd slef 20%
ol4e] 8 BEEHUAM BRYoH, mapx] AWYA
NE HEEAE A FEY AFAL0] B
Ao g Aztan.

(3) AFASEH daAFse Jagde

A4E3, A3 B A b dE el

S-1759] %% #9913 7.88m, YT 7] 14.78% 9]
el A A& 2215 E(F,=0275) 2 83
e B AU ES RSy 4Hd
Ae ¢ 22 Hoz vebgr.

(4) 3¥BH5 4L Poisson processZ 58
F9led olg EUlg 2AYFANZRH T 10%
ol g FRASF NESFE dond 34 AF
A)ZH(Ng * Le/Ly,) ©] 5000]°3 & 2 = o of 3} o] =
197 ITTC &4 34 433 249 A

W3z, FEH, FAY, 997, HaT

AR 20020 24 A9 Aol gez ol
Wel B Aq4¢ FE a7Eng

* 7
2 A+ F Al’%“‘?il(KTTC)«] "0 =
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dnEH

(1] Lloyd, ARJM et al,, “The Effect of Bow Shape
on Deck Wetness in Head Seas”, Transaction
of RINA, Vol. 128, 1986.

[2] “19th ITTC Seakeeping Committee-Minutes
of the First Meeting”, ESPOO, Finland, 1988.

[3] B9 9, “Edoly M9 BFYARE gy
Aol B8 AYF 22", g 2483
A278 A2%E, 1990.

[4] “Report of Seakeeping Committee”, Proceedi-
ngs of 19th ITTC, Vol. 1, 1990.

(5] Ochi, M. K. and Bolton, W.E., “Statistics for
Prediction of ship performance in a Seaway”,
International Shipbuilding Progress, 1973.

[6] ALY, ol #E, T4, “ANFAYLE A
AW A", UCE428—1279. D, siAb714¢<d
TA& R3A, 1989,

(7] “Repot No, (HD) 89025”, Internal Report of
HMRI, 1989.

[8] Hong, S.W. and Hong, S.Y., “On the Correlation
between the Measured Deck wetness and the
Measured Relative Motion,” Written Discus-
sion of the 19th ITTC Seakeeping Committee,
Madrid, Spin, 1990.

9] Yum, DJ. and Choi, Y.R,, “On the Estimation
of Deckwetness Frequencies from Experi-
ment”, Written Discussion of the 19th ITTC
Seakeeping Committee, Madrid, Spain, 1990.

Transactions of SNAK, Vol. 29, No. 1, March 1992



