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Green water impact may sometimes cause some structure damages on ship's bow deck. Prediction of proper design pressure
against the green water impact is an essential task to prevent the possible damages on bow deck, This paper presents a
computational method of the bow deck's design pressure against the green water impact, Large heave and pitch motions of ship are
calculated by the time domain nonlinear strip method, Green water flow and pressure on bow deck are simulated by the
predictor—corrector second kind upstream finite difference method, This green water simulation method is based on the shallow
water wave equations expanded for moving bottom conditions, For various kind of ships such as container ship, VLCC, oil tanker
and bulk carrier, the green water design pressures on bow deck are computed and discussed, Also, the obtained results of design
pressure on bow deck are compared with those of the classification society rules and discussed,

Keywords : Green water impact( 12 E{ £2), Design pressure(AH2]), Bow deck(M-ZIEh  Shallow water wave(F14=1}), Finite difference
method(S-SHRHEH), Classification society rules(MZgis| 721

1 A—I = M3lod 2ot F MBHEIS0| MapZie| T Mol ME5P|
. —
et MAIIHES MAISIL 2oL} o] MAHZE2 M2 Ziof|
A= % siel Xjo|S 20|11 U of AES| Mot ZHI| £l o
Heio] AR saolM 2ete o Aol 2 WESl +H  Anise o) Dyjsix| oot 11 Klole) YOIE EHSIK| 2 AN
OfHE L2471 M2t @12 green water2t £2|= a7 £ olck 2l green water Z240i| CHH 3 M2} M7Qf2d0| &K
o E0{e} ZtEt} o|ZXE Sof| 2 48 78t} 0] green 5t AES AECA RO o =95 MMElD & 4 Yot
water SA1} 22510 HLlofM ChefEh 7S (Buchner, 2 A0 M= green water AAUIS AEF| S5l MA 2
1995; Kim & Kim, 1996; Ogawa et al., 1997; Kim et al., 2004a, £ Hnloll= AlZFEYd HIME AERIE (Hwang et al., 1985; Kim

b, ¢ Kim & Shin, 2005; Jeong et al., 2010; Kim et al., 2017)0| et al., 2004a)2 M2519.204, green water Tr50H_. ol Ot AL

TAE(0] ATt £oll= afgE Haeut 2y Aol| 7| ¢t predictor- corrector 25

Green water ZZ3A2 ljtulel MV SO Z ASEE ARRXIEH(Km & Kim, 1996; Kim et al., 2004a, b; Kim & Shin,
5101 ojLt= o st stdlolct X[Z7HX| ool Sfal LA=l= 2005)2 M235i%ict MZ0| clefst & 1129 M=ol thsl
EAIES MES| AESl0] Aol Bldsh= 7|£0| 0|51 green water AH S AMESIH D, 03] MIHEIES| MAIQ
CIL! &t 4= Uonq, AME0IM BF green waterof| 2| &AI0[ 2 ol H| WSl I EMS DESIYCH

Received : 9 January 2019 | Revised : 25 January 2019 | Accepted : 18 February 2019
T Corresponding author : Yong Jig Kim, yjkim@pknu,ac kr



Green Water S2{of Che|et MpZHt MAI1=0f ME

2.1 x| Z232 AlZIG H[WE Al

2 nalujol| olsl sk i MA S2S(M5lE22t &
R)Z HLBE| 2l A7k HIME HAMHOI HIME AE
(Hwang et al., 1985; Kim et al., 2004a)& AR23SIGCH M
ZAHZ JPHstdl AlElE ohe MY [Alnz JEsict

MF| 2t ol 8ot A 2332l At ojE=dn) M
Zut 2043, £, FE MA| Zolol| CHsl M&Estod chEe|

=
=

fr oE o

>

u
ATl

ook J

=

L2 [ d w
/ [E(MHV,,)——HNHV,_+pgA—w}dx =0 (1
—rL/2 g

dt

L/2
/ (I_CU(;)
—-L/2

where, V, = =+ (@ —a,)0— U9+ V, 3)

i(]l/[HVr)—%a-&-NHVr +pgA—w}dac =0 (2

olct w = HHHe| MHSEOIH, g= STKEE, o Aottlet
75, pE RMZEZOIct V2 Aster AtEEoln, (£
AstER(heave) H9l, 0 = Z82(pitch) 2, U ME, V&
UAHIRS| Alstatak F50lct ¢ = AltEo| 2ol ¢ = M5t
Z 3|To| olct

A1)k Al(2)ofl A(3)2 tHestod HolR|= stERt 32
oM RESUHAIS AlZKEY sl XV xS 1 RSES
AlZE HEZSI0] ALRICE Albel E84E lof Medsiof B AlEk
£ XV|ZHCR AME3IH, MH230| F7|&el & Hatke(o
TESH 2ol 2FS MY SHZ Sk of ARk A7, 2 N,
A £ Aol w2t Hatehs M ofeff thHe| ZIES ARESIEE
2 A 23oll 2lgh o] gt5e| HIMEA Hept n{Ect

Fig. 12| (1)2} (2)oll S175 ZH|O|LHM (ITTC, 1983)2| alsts
=2 AMADE 212 Holct ME 2= 175m0|Hd, 5k
Py AEfOICE 7= =RFVI0|D ke T, Hy, = T0|
C}. Froude = F,(=U/ VgL )= 0.2, M52t =180 (M=),
FR-ME| L,/0=1.2, T2 Hy= 9.55mO|Ch HAM|ZEe|
=2 sl 7| =72 MY ARSI, =579 2F3
T AM F R52E0| FUIE0l vi=AElz $HEEE 2
RUCt Maisfof v|wsio] H|ME RSSEE ALS| ZAsE

AL

T t=) t=) [

AE & = Ucl A= 2L Z203o| MM HE2 Ml
of

%

ro ko
o

Mmoo E

H

=

44
ro
T
S

]

«Q

O
2
(6]
a
o
Pay
3

O
~
o
(@]
I~
o

S
2
ol
5
0t
m
9

Nonlinear

_2-

(1) Heave displacement
2¢ -
b — Nonlinear
————— Linear

6/(0.5*kH,)

N
<
A
w
Ot
/;:
o

-2
(2) Pitch displacement
Fig. 1 Heave and pitch displacements of S175 container
ship(full load condition, #,=0.2, x=180°, L,/L
=1.2, H,=9.55 m)

2.2 M2 green water =2t MAIQ= Q| AL

M2t 2] green water?| FSHAS o 2] Al
ol sl o Zicin 75t Mn) 0|22 XMt} 2 =2
off ARSE Mu} ey Al2 k33t 2ot (Kim et al., 2004a, b;

Kim & Shin, 2005).

ﬂ n a(uh) a(vh)

ot ox + oy =0 )
a(uh) n a(u + uh) " (v - uh) _
ot ox ]
—l(g—i-a)LhQ-i-h(g-ﬁ-a)a + ha (5)
92 v ot v T h
a(vh) i a(u - vh) n a(v + vh) _
ot ox oy
1 oh®
_5(g+a‘)8—y +h(g+az)au (6)

0{7[0lM h = ZHER| 91, w2t v = 212 o ek} y dek
! !

s20lc, o, @




28 - 41N - Ol - SIS - BAKY

0, = 2424 SIS SEWE T Eolc 0] WRASS BE
BEUAT eSyRRu oz BRI 4T |2 Y
HAIS(Stoker, 1957) 2l 2Tt 7127| S2 Mefe 4
UTE YD SR MElet HEY WHAOR W
HOICk JHEE o, o o, £ MH ASIER9} BS2E 0l83l0]

2
TSRS Ha AUELD 7|127] o, = 2 fURI0IM2| yaet
HH2tg ARZSIACE.

Al(4) ~Al6)e] HHAEZ 0[83l0] AlZIEH0|M green
water &= AlZ2l[0|d & 5= QICt 0| {I$H CFD 7|Hez
£ =20M= Rl 70 &St predictor—corrector 25 AMRAREH
(Kim & Kim, 1996; Kim et al., 2004a, b; Kim & Shin, 2005)&
MBIt A7k HME MA| AStEet EERE 0|8

oz A

5l0f ZHEe]2| +H=0| SS AL 0F A=
[¥en], oK 0{RE 2= 552 LHES flof LT 9 T4

o
TE=S2 Fe2 S| pIrt of xlshEHe A2l AE

ol

(7) /7 =4.63

Fig. 2 Green water behavior(water surface) on the bow deck of S175 container ship(full load condition, #,=0.2, ;=180°,
Ly/L=1.2, H,=9.55 m)

Green water & AlZ201M0A T F&52 2| S22
FE| Mzl 2gsl= $4sS MEE = 2otk Geen
waterol| 2|5h ZHEH Q22 M=0tn} oiA|HIsE 2E7 H5|2 2E]

Crk2zb 2ol HLH=ET (Buchner, 1995).

d oV, oh
Py = pgh-+—(phV,) = p(g+ )h+pg v,

ot

oh
=p(g+av)h+pEVv (7)

o7[0llM, 1, = ZfEe| Alstarsk £Eo|ct,

Fig. 20l S175 ZE|0|L{M(ITTC, 1983)0ll CHaH AHlAk=! 87H Al
Aol M2l green water RIS BRIk (AlA=42 Fig. 124
Z8). ZE x T A5 o2 R MSZo 20| H2|E
LIERND, 5, = EWsF Z3zo|ch T8 (1)2 ZEEelof gM=
FHO| ol FE FUX|HAM 2T o2 FH7E E2EN 2=
V| 2&S HoiFnd, (2)2F (312 M5ollM FU= green waterof]
M= 2 R0l|M FUEl green water7 | SAIM ghsk S50 2fsl B

(8) ¢/ T.=4.71

JSNAK, Vol, 56, No. 4, August 2019

345



Green Water S2{ol| Ciju|$H MZtEk AARfEo| A=

P(kN/m’) P(kN/m’) P(kN/m’)

110 ’ 110 110

100 10 100 10 100

90 - 90 . 90

80 H 80 = 80

70 5 — 70 5 [— 70

60 60 60

— 50 HH 50 _ 50
£ 40 E 0 E HE 40
;g 30 ;g 0 % 30 ;g 0 e § 30
20 ik 20 20

10 5 10 5 10

0 - o ] 0 - ] 0

10 ﬁ ‘ -10 H . -10

20 e 20 20

30 -10 30 -10 30

40 ‘ 40 | 40

50 . 50 A i 50

0 5 10 15 20 25 30 0 5 10 15 20 25 30
Xam)
t/ T,=4.50

P(kN/m’) P(kN/m’)
I 110 | 110
10 100 10 100

20 920

80 80

5 - 70 5 — 70

60 60

P 0 50
= | e 40 E [ B 40
3 O £ o 5 OrfEEE pe
20 20

10 10

5 ] o 5 ] 0

40 40

20 20

-10 30 -10 30

' 40 | | -40

50 A - 50

0 5 10 15 20 25 30 0 5 10 15 20 25 30 15 20 25 30
Xam) Xgdm)
) t/T.=4.58 ) t/T,=4.60
P(kN/m’) P(kN/m’)

110
100
90

15 20 25 30

110
100
20

N
50
15 20 25 30
Xgdm)
) t/T.=4.71

Fig. 3 Green water pressure on the bow deck of S175 container ship(full load condition, 7,=0.2, n=180°, L,/L=

Xgdm)
) t/T.=4.63
H,=9.55 m)
ME|HA M SAME 2} R S (green water tongue) 7
MEE= AE B 1%!1} 0| ofoflM A= 2 FolofM FHke

2 NAARA ML F= Aoz 7F=IRIct 74 si= (6) ~
(8) Sol AIIAHoIM ZE S2E SotM T 2'es| o|Fo{zict,

10f

HHH
3

it
s

1
o
3
e
5 0

siraan

PR P

30

R T0 T DO LMY U O 1 AT PRV POV ) O Y P 100 P OO0 I PRY

0 5 10 15

Xgdm)

Fig. 4 Maximum pressure due to green water on the bow
deck of S175 container ship(full load condition, 7,

=0.2, 4=180°, L,/L=1.2, H,=9.55 m)

20 25

e 30ll= Fig. 29 24 AlZkARI0f SiErsks M42HE opef
Se Holct of 2 oRi2 MASSe Yt Deishs Al

( Joil 2l Altk=[lend, F2 oot #E2

—_ =
tongueO| M SAMES 2l O|SsIER M 2 MA SAMS

et =2 Y=ol HEfEE 2 & ok
150
& 100 [~
E
=
= -
>
£
£ 50
0 'l I Il l L l L
0 10 20 30 40
Xdk (M)

Fig. 5 Maximum pressure vs. x4, due to green water on
the bow deck of $175 container ship(full load condition,
F,=0.2, 4=180°, L,/L=1.2, H,=9.55 m)

346

.|g_||.§|gl_.-_l'__xl X-” 56 '_r'=| X‘” 45 2019"‘=| 8



28X . Al7|A - 0|2H - 51UE - SAIA

Table 1 Principal particulars of the selected ships

Ship no. (1) (2) (3) (4) (5) (6)
Ship type Container ship |Container ship |Container ship VLCC VLCC VLCC
Length, Z(m) 285.0 283.2 269.8 319.0 318.0 320.0
Displacement(kton) 96.29 74.51 70.06 338.87 327.65 320.68
Breadth, B(m) 40.00 32.20 32.20 60.00 58.00 58.00
Depth, D(m) 24.30 21.80 19.85 30.40 31.25 31.00
Design Froude number, 7, 0.2600 0.2348 0.2520 0.1480 0.1480 0.1441
Block coefficient, G, 0.6316 0.6602 0.6556 0.8131 0.8181 0.8260
FP draft(m) 12.963 10.850 11.620 20.280 20.878 20.200
AP draft(m) 13.064 12.930 12.270 21.740 21.503 21.400
Freeboard at FP, fs(m) 14.837 13.933 10.682 11.153 11.066 11.865
LCG(aft—,m) -0.0195 -0.0314" -0.0194" 0.0305" 0.0352 0.0302°
Pitch gyradius/ L 0.250 0.250" 0.250° 0.250° 0.250 0.250"
Ship no. (7) (8) (9) (10) (11)
Ship type Tanker Tanker Bulk carrier Bulk carrier Bulk carrier
Length, Z(m) 264.0 264.0 279.0 279.0 281.0
Displacement(kton) 176.82 169.96 179.96 179.68 178.92
Breadth, B(m) 50.00 48.00 45.00 45.00 46.00
Depth, D(m) 23.10 23.70 24.30 24.10 23.50
Design Froude number, £, 0.1570 0.1486 0.1485 0.1480 0.1560
Block coefficient, G, 0.8150 0.8168 0.8475 0.8440 0.8306
FP draft(m) 15.370 15.430 16.030 16.020 16.060
AP draft(m) 16.620 16.565 16.980 16.980 16.468
Freeboard at FP, f,,(m) 8.579 8.954 12.070 8.935 8.088
LCG(aft-,m) 0.0251° 0.0259° 0.0317° 0.0269 " 0.0353
Pitch gyradius/ L 0.250" 0.250" 0.250" 0.250° 0.250

* Assumed value

o 2t A(Chgt Ex(U=ge| envelope)

Fig. 40l A|lZ2fold H 2FY & Lot M2 2t 2{X|oilA

F =%
H =1HA =

Fig. 42| 2= 0183104 LHEE ZOIU8 3 1, 0iM] 2t

Green water AAZ AMEof| ARRE MEES| FoX|
Table 10f 2oIct & 11&0|0f, MB3E EMS MHE = U
ZiHlolH 38, VLCC 33, WA 28, MEElEM 3H 2R
Al Med=|Qict

M Freeboard at FP/(0.1+L)

fep/(0.1%L), Fn

No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10 No.11
ship ship ship ship ship ship ship ship ship ship ship

Fig. 6 Nondimensional freeboard at FP and Froude number
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