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Abstract

The ship sailing among waves are suffered the various wave loads that comes from its
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motion throughout its life. Because there are dynamic, the analysis of ship structure must
be considered as the dynamic problem precisely. In the rationally-based design, the dynamic
structural analysis is carried out using dynamic wave loads provided from the results of the
ship motion calculation as the rigid body. This method is based on the linear theory assumed
low wave height and small amplitude of motion. But at the rough sea condition, high wave
height, relatively ship’s depth, is induced the large ship motion, so the ship section configu-
lation below water line is rapidly changed at each time. This results in non-linear problem.

Considering above situation in this paper, the strength analysis method is introduced for

the hull grider among waves considering non-linear hydrodynamic forces.

This paper considers that the overall or primary level of the ship structural dynamic loading
and dynamic response provided from the non-linear wave forces, and bottom and bow flare

impact forces estimated by momentum slamming theory, in which the ship is idealized as
a hollow thin-walled box beam using thin-walled beam theory and the finite element method.

This method is applied to 40,000 Ton Double-Skin Tanker and attention is paid to the
influence of the response of ship speed, wave length and wave height compared with linear

strip theory.

1. M 2

WIS Fafists e FeaRe HEHo
443t b 8o o) $EL A 5 §A
ol Miﬂe} g@del os) N, vEPSo) WA st
A w2 BAol izt HE $Fo] uwAlsA
ot AAMHoR 5d dAe e BE 44
F ooz NAE JE GEn R o) 43tsid N
o] metz AR Hriste Aol A P s
A gAlolth uhebd shH PR B A o] Hael A&
e o s AU 2EH a8 Qe we
S W EH B4 AR EML My 7x 2%
Mo 2a% Q47 Ho) oleld mpaFo A A
BAEE HAst7] Yate] 44 AgHoR AHSHT
UE o ¥y 2uY o2 o3 FraM
Wol Utk o] wHe Wx MHF AHAZ o) s
o sgE we) $% $u wido) wako e
A % 8% EXE FIF F AvM 7
B} 31350 2 gRd M PG HH stFo
g x@sted, Q THE N4 9E A% L By (5
g AFshE Rolvk ey o WL Aol 3§
e 2% FAE S AFFoNY Fus MA v
& Aol thalednt AN D 2 wje $5o] e B
share] mekEol N wye -%%z Fas A g
Yy W3l Honz R ASE vHE F A
o e wWol o) stn wgE % a8 e 2

KEGEMPRR K B20% 45 19925 11A

BAl Eo2 et £Hd AA @H Fyo)
ARzt o 2 A Wz AEEE Zd, 24
B 279 u]dE Ao 23 vy falgoe] A
3 F A " 73—?”" Wb HR 7 g s

HH $7HEE U oY 2 Aol fEE

3ol 2 A &Vb}v# T2 FAY fAHo

HA el hlAE § Hrp Be Ao S sk
Rth 3] sligd 98 M4 AR i) 2239
ol 7teiAd FHHo g @o] &4" B olg}
AA 2 WA Bz fEdA B ol e 7
Hol & HA &4 #E(whipping) & F+EA|H oA
of f1le]E}al Yzt ol Mo HE, &4 Al
7b #A e Aok [11-(3).

ole} #o winy FAE YL Y FAlol MA
TZ B Al 48 olgdog Al A5 A7
A Bt kol 8 A7 o] a5
Ak 2 F dEHe 2 Ochis[4], Kawakami%s
5= *‘EHUJ I 2E H4 $48 2 a8 A%
whipping & 18}% M3 $€& Adstn 2 A9
ERE AAd#H Ao o el A% fA 24
g FHe F olg Aol HeAA 84 sge
T3k M V1S Altsi

o] L HAEHoZ £53F A7} o) o]l
Heze o stud o3 sHste] A4 &d FA
Hstell whE wAY fAHe melt Qicke AL
7y 1 Q). Fukasawa %[6), Kuroiwal7)S-& A&



154

B 2 o] 43lEte A7t wlE WH3IE #A) 34
g o8 37}l momentum slammingo] 8-S £¢
st of st g FolA e AN B= Y YL
A 8315t o] ;A Y £ o) v MY
FAEWNE st FHINA MA AFRHES
2o 3 F4E FAdME §& AAE Ho
F Joy Aty FAM B3 & o FELE
st 9 FAgo] AA A vt o] F o, apela
FH -2 e vy FAPe) 9% FAY
T e FE HASHE AAY £ R HEY
ZE #He WA FHLol ZTFsdn & F
1tk Yoon(8l2 HA 7} Bxte =25 e Ju
o HolA FH — 52 wiko] vAY {FAY
5€ nE3td Boh 9EEA Als FolAe g
+F SEF 0% 35S FH3e svEE g
oy AlYEH 2L FA4 FAE 1y
gobe 28-S 7HAL Aok gEy 2 d7iAe
gt gFFeAe] dA Zx 48 st AA)
Z 949 7hH g RE o) 43}l uhg whiHy
ofgol o A V4 AHAES FAsEn A
Zgate A3 1322 Yoon] 4 71 & o] &
st A7 x&EHe o fFFA A3
Ax ¥ FF dFd o E vy FAH
Fukasawa 59| 2|3 momentum slamminge]&
g% fA 49L& 2% zFstd Hoh gEg
o]&3 Y 7P & NSttt B =FoA gt
4 o]&F Paik(9]o] A|HAIS 4UREF olF M7
TZ2E 7HA Af kel Hgsto, Aol A4
Abgtoll st =1, 9, A4S mevga
F2 AME F3tn 1 Aag 43 2EFY ol
of 1§ A vjasHom ol Fetu| g gt
A 729 3 A= $9 54 A5z
A8t wgkoh

2. U SHeiE O|Ro| oi8t MA| HEel
HA 8t

£ drdMe dAE S7 Haez 7Y s
@i B (thin-walled beam) 2 ©]g3}sl1 #8 244
of es) 43 At

2.1 ol 8¢ HEA
E3E JAAE Fig2.13 2ol Madased dad
w7 g i E JMEGER 2 ol gsstn &4 a4

AT, A, 49

|

il
— C
!
Y (a) Top view of a ship hull

= St

1
'Y
(b) Mathematical model of the ship hull
Fig.2.1 Example for the simplification of a ship hull

Fig.2.2 Beam with thin walled cross-section

el Xe drlel 4o #dd ez &n a4
A e Fig2.29k o] g $4& 9328 3l
A ARAE HstAT

2.2 & 4H| ofF HAS)

e A3t ohgH Zo] sHF g

D AF F 99 ¥4 9wstA ek

2) M& & 23 Hookeo] WAL w&3ic)

Fig23% #& 9 FFEANA e A9
A pd x3 el WY ust yzEHo] A ko
H us=

u=—6(x)a(s) — GX)y(s)+Oy(X)z(s)+ux(x) @

p(x,s)

I
Ls S.C r

z

Fig.2.3 Coordinate system

Transactions of SNAK, Vol. 29, No. 4, November 1992



Mute) wHY #AHE DAY HFF FH 2T A4Ho) B9 A7 155

Us=G(X)r(s)+ uy(x)ay(s)/as
“+ug(x)az(s)/as 3

o} gol & 4 Uk HI1A uy, uy, w6y, 6y,
G, 242} xyz5& e WMol z+ Fo W3 W)
2 Zof thet 3d WY E Jehu G 6,9 wHE
o] wtgke) WalEo T Gx)w(s)y= A warping
S UeEhE o2 we &3 o] HoHE=

sectorial coordinateo]c}.

o= So =% & ®
A7IA, p:HEY T
t: %PES =7
webr] Wy gL
&=—0'w~0,'y+6,z+uy’ 4)
7xs=9x,r+Uy‘ﬂ + uz,?_Z_ —Qﬁ
s s s

~6:2% +6,2% =¥ 916, -6y

+(uy —92) +(uz +9y)— ®)
&, '=afax
o] H}.

olg g shb @ £FolUiA E., W3 olix)
Ue 8ol o8 98 Wedb a2l 2t2t g ¢
.

Ee=“;* ps f, (U +u DAV (6)
U=t J, et Graav M
W=/, (fut+fau)dV @)

AN, oy AAY WUE

(9 E

(ARG g Ale

cAA a4 e] A

xZEF Wafel a9 A 9y
cysEHEA HA kel o

< 0o

o b
w

AEMBAROCHE H20% 49 192F 11°

2409 #9 uEiT=({ux vy, u, Oy, 6y, &, G}
E A NIE AME3te] 2 Helz HA e

{u()}=[NJ}{a(t)} G

2 & 5 vk
AN {atT={ux1, Uy1, Uz, Bx1, By1, G, Oy,
Ux2, Uy2, Uz2, Exa, Oy, O, 6}
ot
mekAl 2(6), (7). B) A()~((5) 2 2 (9S WY
5’P°1 A RAY F NURAE E=3 E,, M3l
& U== U, 94 23 d& W=z W.g} 3lz,
Hamllton4 )]

of . E-U+Wyit—0 (10)
g o) gty o) usty LEWGA
Ml{q} ¢t [Kliai={F} (11

g gtk o474 Mie BAY AP P, K
A 34 ol

oAl Fx gHRM P4 939 3T 99
344 BEel AP AGos HHshe WA 24
A& 747 shed

(Cl=a(M]+5(K]

gt £rh. o), a,f 849 A, Bd FAS
s AFHE Fouh

weia] dAle] v FAE 1dd &% P4
th& i gt

ot

M@} +HCla H- K fay=(F(t)} 12

A7, o HE (Fie d33dM dgsrz
Eia=s

3. B|ME FAHHe FH

Aol 5 WA 2125 A8 e dgo 937
8144 §-A138 & ordinary strip method & % ¢l
At oo Hile E49 o 2 AL
7Hg st S sle) A @ e Al 7o) wel W)

rlr mlm



156

ALz 31 53 HA7} £Hd2 w2E ¥ 4£3F
o2 A EYE W BYsE £A AP AP
2t Wale St A Yo g A Azt
Wate FA8 o2 Brisle momentum slamming
22 3Tt §3) AAFg e P o8 5
3t A Bde] dAEA F$ vgYyos HE
e ALt 2.8 fA A4 AT ndsy
2] 3}ghcd,

3.1 =EH

A8 AlgHe AFAE Figdly gk

olmj wie = A, o WE a(=7319] 1/2)¢] 75§
g gl won HE &% Uz A2e
O-XYZe Aedide 94€ 712 23 1314 8%
A, oxyzE W9l F4oA T 2AE dHes
3t A4 &% Uz AAste FHAE, o-xy
7 o] TN Arade 9402 slg 9
¢ &= UR Hzste A sk

X

' z

VAYE A
X
/

Fig.3.1 Coordinate system for wave load

3.2 H|ME RAY

AAe ddo] ZAgstE §AE L hydrodynamic
force9} hydrostatic force®} go 2 v}ebd 4 9lch
olmj x& o gl FAFL thE W] 3

ATFE, WS, E4

Blel 2 gro] Jomw B Pzl A9 s

’

AN

0Fy=0Fpy+dF, sy
OF,=0Fy,+d0F, (13)
6Mx =dMpy +Mey

@ # 2 He hydrodynamic force, S hydrostatic
force® el ch

3.2.1 Hydrodynamic force

TETF o8 ¥E x=x @dd HLEe
hydrodynamic force$} momenti= z}z} t}& 3 go]
Fo| Xt

—-D Dy Dy, Do,
SFyy= Dt [m_ss + mgy—* Di TSR Dt

~[Nss +N5H—~ +Nsg De" 1 (14)
__D  _ Du Du, DO

0Fy,= Dt [mys—- Dt +mpy——* Dt +myr Dt |

Du, Du, D&,

—[Nis2 Dt +Nun th +Nur Dtx 1 (15)
_-L Duy Dﬁz Do,

M= (mrs5y Dt

_[NRS_“X‘ +NrH I]))t 1(16)

o714 A7} H, S, R& heave, sway, roll *EL
el ™ my NjE j mode $Eo 23 i wike)
‘T‘7}' @S 74 Aok E o2 Azt D/Dt

© Os# go] Feojgel

D 2 2
Dt~ VU

a2 uy, U, O 242 Sl i Gy 9o
e dd 9, £3, 3d ¥98 Jehd.

3.2.2 Static force

7N e F5gE Has xsly Y Ata
W kol olg Yol thated Wzheink. Fig.3.2e9)
Zo] o Ak A ] Fulsl iy 3 Ao A 8 =]
d, Ak W 4HE o B4 ¥US we A
HE st YL 7Rk

WA FAUe 8L Avralg Bernoulli4) o)
o8 g u} o) F o)

Transactions of SNAK, Vol. 29, No. 4, November 1992



Mute] MY FAPE TP AFF B ZT g 4 A7 157

£ 9o euolNg ue & +33 g ay
£ Holoh
N 323 By A=

3.213 3 3.228A0A & vy {fAFL do]
190 {9 B gde EX 5o Loz
g ¥ a4 MM AA AEsH heP ol

£ & Uk

(Fyx ( 0 3
Fy SFyy+dF,
Fz d‘Fl*[z'*"d.l'?sz

Fig.3.2 Ship section configuration I M $= f L { Mi+oM,s g dx
M, 0
p=Pg(z’~¢)—ﬂ[a—:tx’- —-{ 3:tw le=e) LMz k 0

M, 0

AT T an

) B 1 .
=([BlJ , (ujdx+ (B, J, {u }dx—2U
Aq7A BE CE 2 AP, wE F2F Fog, f‘l’ . fo 1
a2 w1, x2 YAk =g & [Bllf o 1uidx—U[B,] f o (Widx
+UB) S, widx— ) (Baliweldx
—f; Bitwaiax + [} (Fadx

olE, YA EAA f.& pE AN UE, gE +f 3 Feltudx @2)
29 AR, 08 YA T sw

$=a cos(kcosXX’ —#sinXy’ —wet) (18)

&} 7]
w=— _%a_ exp[—x2’Isin(xcos¥x’ —xsinXy’ —wet)

-0 0 0 0 0 0 01
o o 0 mss mgy —zsmgs+msrg 0 O 0
ez HANE tE s Zol do 0 mus myy —zsMys+mug 0 0 0
p=pg(z —&)— pg(exp(—xz")—exp(—~ L)) Bil=|0 mgs mgu —2zsmrs+mgr 0 0 0
X COS(#COSXX’ — KSINXY’ —wet) 0o o o 000
—1/2 pau((exp(—2z) ~exp(—2¢€)  (19) 0 0 009
-0 0 000

w2t v, 2 & ¥ 2 x° & F99] hydrostatic
force @ momenty th# o] Fojzith [0 0 00 00 04
0 Css Con —2sCss+Csk 0 0 0O
Fgyy=p f j pdz (20) 0 Cus Cun —2sCus+Cur 0 0 O
[Bj=]0 Cgs Crn —2sCrs+Crr 0 0 0
) — f (—p)dy’ en 00 0 0 000
‘ 0 0 00 0
SMgx==W(zs' —25")sinby L o 0 o o 0 0 o

B
+J 7, p(—ydy'~zdz)

r0 0 0 0 G 0 01
A7 we A &9 ZHolg FFolm, A, B 0 Css Cus Cgs 000

RUEMERR R $20% 48 19924 117



158

[Bil=

[Bi=

{wi}=

{(Wig}=

0 Csn Cun Cru 600
0 Csr Cur Cgr 00
00 0 00
00 0 00

-0 0 0 0 00

-0 0 0 0 00
0 mss Mys Mgs 00
0 mgy Mpy Mgy 00
0 msg Myr Mgr 00
0 0 0 0 [V
0 0 0 0 00

-0 0 0 0 00

0

~aw exp{—xd,] {sinQy—sinQal/x(yy’—¥.")
\ aw exp(—sdy) {sinQy—sinQu/(yy —72)
0
0
\ 0

0
aw’ exp(—#d,) (sinQ,—sinQs}/ #sinX(yy'~Ya)
aw’ exp(—rdy) LoosQy—cosQl #(yy'—y,)
{ —ae’ exp(—xdy) {cosQy—cosQulf (Yo'~ ¥s)

o o o o

\

ng: {Z—a((1+exp(—xz) —exp(— )
COS(KCOSYX’ —#sinXy’ —w,t)}dz’
b
-172 v”azwzf , (Exp(—2x2’) —exp(—2e8)4dz’
D
PgAso+ﬁgfa —z'+a((1+exp(—#z)

—exp(—#8))cos{kcos¥x’ —#sinXy’

b
=\ —wt)idy’'+1/202% f , ((exp(~22))

—exp(— )My’
b
nga {—2'+a((l +exp(—#2')—exp(—«£))

COS{kCOSYX” —ASINXY" —@t)}(y'dy’ +2'd2’)

07
0

aw exp|—xd,] {cosQy—cosQa)/ # sin X' —¥a)

ARFE, AN, £

i f (expi=2e2)

—exp(—2#%)) (y'dy’+z'dz)

0
0
\ 0 )
-0 0 0 0 0 0 0q
0000 00
000 Wize—z)) 0 0 0
[Fel={ 0 0 0 0 000
0000 000
0000 ooo-‘
Lo o0 0 000

ci=mj;— Um’+Ni(i,j=S,R,H)
Qa==KCOSXX — #SINXY, —wet
Qp=+#COSYX’ —£SINXYy —wet

d, d;: 9¥ HFE T+

2229 AFEE v dune I sFoz
utzl 91sted Aj(g)el BAE ol &IHE 2(12)9]
Fore t&3 gol & + Aok

1

1 o
Feor= oNI"(BJINJdx] o) o NIT(B,INjx

1 . 1

—2Uf o [NI"BJd/dx(NIdxl{q (t)>+[—Uf o [NI"BJd/dx{Nldx
1 1

+U*f ) N BN oINIT (FolINIdxl{a(t)}

1
+f oL NI B wi}~ NI (B Jfwi+ NI Pl

=[Mdia)+Cia (O Kelta®y+Fd 23)

ct

= 2]

4. 4 2SS R TS S

ES

010

Ho
1

41 25 YA

A2, A3FA 73 X A PE, 7= 74
g, Az A4 P 2 vy FAE PHEE ol &
s A HAe &5 WwANE g #ol & F
Atk

Ma] {Q ()} +(Co] {QWI+Kal (Q(t)}

IMsGH{Q (1 +[Cra] Q0+ Kss) {Q(t)}+{Fec}
29

Transactions of SNAK, Vol. 29, No. 4, November 1992



A PR FAEE ALAT YT FY e RO 8T Ayt 159

714 d9 HE (QU)e 2$ Fosd g
HWESE 2AEY QI HAAEY nfFisz
HESHE B4 W9 Q.2 Ralste Yzsln 2}
AFy 2oRHAFe 345 JEHL e
go] sl

AA7 A5 W RrtARe AEF05 Q2 g
meo g gam orde AANE oy
RoAFe £ @4 Wsle BAglo] Y&E
AN e) FHaty Fao gt YEHo T Fopy
—%s;mu Ag ol g8ty AR wE 334
FAASE s, FH, NEY BF 2z Yy
23} E‘:-4 &g n}ma}o; stk £ Haw
Foll thg zupziaiy 2 2gde Fgsix g

Rnog P

2} 224)9) $¥E P8 shd
=[Mscluwe {Qr} +[Csclue {Qr}

FKiloe (QUHFg+Miclo (Qe)  (25)

o #ol & £ vk AN HA wer 2959
F ARE o FuFy iU A2 VeI
A [Mels AFEol e FHalR 4t st
Fug el 21 F 349 FHASE 2§
FAE PFZ ol Alzhel uha Bgog sy s
doenz ol HHog ofgAsH

Mg} Q (t)+ (Mol Qe)+(CelQ )+ Ka{Q(t)
=[Miclue! Qrt)+[CGloel@ 1}
+[Kicloe {Qri+{Fic} (26)

ol ®ch mEA 2(26)2] 2d AFPE-E Aol
WE SRFolE: vzt AfNEd BE A
of Tf32] BAE Fol AAAFS) 2/} @A
REg Fatu ujel RAIFE4A Rolwta xe

ZARE=E 7Pt Wl WE Q) E
o] »

2251

4w
Mo % |
-Er;'&l“

(Qi=(P., Pl [t]

=[P,] {Ir}+[Pe] {Ie} 27
o] "}t 24,
[P ;%4 2=

(Pe]; @44 me

AEMERNR R $20% 48 1992% 115

{Ir} ; ZM = =9 weighting function
{le} ; &AM = =9l weighting function
o]tk 2(25)F 2)(26)f AYstn m=3re) A
3 gellM Mg RotA g 20 ASe) 20
F oA 9 A He e o4 Y 72 7y
of dFgg vxA gonz

[PT (Kel=(0]
(PT [Cal=I0]

A BANE neste} 226)o) [PriTE Yol Fat
= Aeiste Thg428)S, (PITE Lol Fatx el
3 ge4e0E 9 & At

(Md—[md) I +(—1C) T+ (=K {I3=tf3
(28)

M) {0 +(C) f +Ke) (e}
=(me] {{ 3+(Ce} +(ke] I3+l (29)

o 7)1 A, =[P)T[Mg](P,]
[mr]"‘[Pr]T[MfG]we [Py
[Cr]=[Pr]T{CfG]we [Pr]
[kr]=[Pr}T[KfG]we [Py
[fr]=[Pr}T[FfG]
(Me]=(Pe] Mgl (Pe]+(Pe]T[Mg(Pe]]
[Ce [P e]T[CG [P
Ke—‘[Pe]T [KG} [Pe]
[rne]'“_"[Pe]T[MfG]we (Pl
[Ce=[Pe] T[Cwae [Py
[ke=[Pe] "[KsG]we [P:]

[fe=[Pe][F1c]

2(28)2l Al FHL Aol me} AlAlZbzp E3E
R olE HAAE uAY Wy o] H 1 HE
T3}7] 938l time stepping analysis method2
=Rt ol M B =RdME Al Y
9] &4l Newmark—48 H& Alg3tct

42 =X sy

4182 LN Ay X3 BolyY
% z2974 A¢e Franksd A3t close  fity
(12]Z o1 B3It {2 A & HaldR o] FFol A
FELR S8 W 8 uEn oo RrAG



160

Azt wrg W3le Fo By AS AR
. = AAade] FF4 YL WHe HFAYL
‘veg stx PR AFE FHF 2 AvtHLL
B AFold e nedtA) goerne Aoy 7tw
oA 7338 d&Ho] e Reg 7R Y &5
g 41(28)9) Al E 2 Ak mheh Al A 22 W B}
2 olE WAL HHY WA HEz 1
;B F3}7] 918t time stepping analysis method
=03 Yo Az A HAEHE FEn
AR5 229l st @A A E A
g Hach

e W mo

43 Moy, I3 2RUE 9 b

Aol gate A9d, 9 =9
2ogES] AE MA HAR FH
ste] AAstgch ol T M A%
7t Zeng FA @

M,=—ELu,”
Fh == — EIzuy’ ”
M,=—ELu,”
F,=—ELu,”

Mt=GJ gx,+EIw9xm

AN, Mo 78 39
Frn ;9% A2
My 58 43 299E
Fv ;3 Aa
M ;HEYH =
El, ; % 24
EL ; #3 24
GJ ;Saint-Venantd] v|EY 74
El, ; warping 743

5. £X|AL % 0F

51 SYHATHAMYe HE

2 dpoa Mg Aol et &3
7] 913t Fukasawa[28]7} 48T =¥ HE A4
g dutog MAFsIR B o] E2 Arx %
23 Al ZA4E vastd 2ot

2¥ Mo 8 x+E Table 5100 JelAATE
#x AL Froude No.(F.)&

-

A7E, AAE, &4¢

Table 5.1 Particulars of model

Length between Perpendiculars (L) 3.0000 m
Breadth Moulded (B) 0.4320 m
Depth Moulded D) 0.2620 m
Draft at AP ) 0.1704 m
Draft at Midship (dm) 0.1667 m
Draft at F.P (dg) 0.1630 m
Displacement (&) 124.6000 kg
Blook Coefficient Cv) 0.5787
Center of Gravity from Midship Xo) 0.0154 L
Longitudinal Gyradius (ko) 0.2380 L
GM 0.0354 B
Table 5.2 Particulars of ship

Length between perpendiculars (Ly| 180 m
Breadth Mould B)| R2 m
Depth Moulded Dy| 195 m
Draft at Full Load Condition 12 m
Draft at Half Load Condition 8,742 m
Displacement at Half Load condition 35468 m?
GM 34 m
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Fig.5.2 Time history of deck strain at midship
(F,=.158, x=157.5°, A /L=1.2, L/H,=30)
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(a) Weight and buoyance distribution of ship
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(b) Shear force diagram of ship
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(¢) Bending moment diagram of ship

Fig.5.6 Still water condition of ship
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