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Abstract

The design of LNG ship needs very high level structural design /analysis technology
compared with conventional ship types because it requires perfect security against the
extremly dangerous and cryogenic cargo. Hence, present paper describes the general pro-
cedure of the structural safety assessment for independent tank type LNG ship, which

contains following items.
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1) Long term prediction of the wave induced stresses including ship motion analysis,
structural analysis of hull and tank and stochastic analysis process of ocean waves,
2) Fatigue strength analysis of a tank structure based on the S-N approach.

3) Structural safety assessment against the fatigue crack propagation based on the LBF

(Leak Before Failure) concept.

The first report focuced on the item (1) (2) and example calculation was performed

on a prototype LNG ship. The remained part will be covered by the second report.

LA o

LNGHe s B1%, 2obhRusl ae
2 aEo] ol wat opvjel UA 1 WA, d2F
Rl Ba @ 7 g%%zﬁ%@@%wa@aﬂT

:1:9] know-how& 9] el v} &3 LNGZ}

)7} =38) e FA o] gEolv] wEe x4
/ﬂSﬂr aEs Z%% TS M e TREE R
ot Mol HHG 7)wo] aFdETh wetA], LNGA
o} 7“31741 ul 3}] 7% & NRdicte v A
Gl by ‘§7P Nes low”“’i-— FHAH 7
QLo 1"*’:”1]«} 7V nY-vrba g A A )

ol e} g HEFe HA% 1'2; Ao &
EE'?:‘ 5 9tk Aolnh it fEjutgto M FF 8l
YR LNGS =) sl obgal x4
LNGA #AzAg o] AsiZol glo] eto & LNG Aol
¥Ha Hoh thekdt dpshdo] o] Rold 4 s AL
2 7t o},

B Apo e ol g2 LNGH g Ae} o
Hie ity 8475 S BN, ¥ e Y
3tal o] 8 f71yoer AAFo 2N LNGA +x23
A Bl HEHE AAE gydted 1 5HE T
Aot B =89 Al A LNG #30) 283t
ggea AriE¥el AYNH W S-N approachol
o8 gzad HAFEe AP E FHHR
Een ojojAE AR ME HEgd A &
Aol o)gk BAe] FRUAHUAGHI} MY E FA
o2 71¢¥ dolch

NANFe2E 1223, 49E22 know-how
7} @ol B 83t membrane A Kol A 7 ol A
ol&3, s A& know-how?} Ay H o8 a1EE %
HE B3 g2g W oen 1Fdq e 53] 7pF
Az Po] #e MRV(Moss-Rosenverg-Verft) 7+
g "3 g Atk

\

1
2

[e]
85

KREGEARSRTASCE B30% 2% 1993%F 5A

2 MRVER T8 Y30| 9E A By}

Yy "Wae ga P12, ARTE, Mzt 72
7F M2 5YA pFRAAPOZA HAxs) nog
= 9ol sty FE 7;5%; 7+1 1tk MRV A
2o gy Hx o skirtE MX st HA
of AAA A8 w4 hﬂr ol skirti= Bj 9] H4
Fo ot #3 w IE»; WA EE 48 A3
wEdoeas F743% Hi ol dge] WAl
}ZVd AFH Fxol7]
o] HM# o SEAA A7t F71

»a4 1%103} o} o] Yk sk
JAlo] golated PR ShAAS
Hrle 4= Qo m g oxpure o] Ak
Ee R 47§95 & IMO type Buta] 9
A A7 bseo1]2]03].

Type B #2e ¢4 g 2xpduio] 975 type
A A g gt AL, e, masd
AN, ste et A, d-&HaME AT o
23, 497 E‘Eﬂéﬂ-‘ B3t A9 rr et
Hgans A 2R3q vy
2 Qlsled T%%l LN Gz AA7IZ B AR 5
U FE 2l 13 T 7ol &4, wet
Al type BEAZA < Xé kls Hfﬂ*ﬂ g g
St Hrtupgeol Aoz ayEd 2]

_‘&&
b
[
> 0
2
24
< o
oiﬂ_

_‘2

L B 8 o
' atay
2
i
Z rpr

ok olo
JE
of

,4,.‘
o
o
9‘;

A et 2

ol)‘

35l

5
Gk

2

Hr

2.1 ofat2eqo|

Hgprhs Eubad 2Asr] fAsMe
oA2i7pA stEzAEd te WU HE} o] Fo
Aok g}, £3| BAe i Wote A% =z
Aol FASEHA dAeF AdANR st
of BAA M M EE ol gtz AU A&stF
Asty ol g AT,

72L& 2 cargo hold 58 hPes 3t}
H2F% A B3 UL 919 working
stress& AR e Aol FEHA oM MRV oA

71

S 0&
ro

ﬂ
rﬂ, N\O



134

3¢ Hx(equatorial ring) ¥-o] 7} =43}
L
=]

=2 sl

2 rr
o

Rl

22 M2y Y o F

AMATzE AFaET A 22 BrFHQ 2 H sl
A AFE7] e 2AHE $YE Bstn Bt
Hajr}, oleldt FEEANMY HZFYE HrlEr)
AT oM FREo] HAFEEL e LE
HESF T LS A5t g o) M H
o8 e g Hrhste ol&nt FAHIANHE
(cumulative damage)¢]&o] HdAEH o2 vm
A gelHoln HestA Hed & 7] Wil 7hE
Eyzog wolgdA 1 i3]

2.3 FAX TS

SER RS E N P
Fdol WAYA & $9E 4 A 1Y ¥
Al wz@del WA E B9 Ei FATY) A 7
A A 2F 271 oln] EAlste A5
£ o) nla#de] Adel gate] LNGel F& Et
Gao] AP Eabol wAE 227 leng o
@ 271799 Adel ZEIFH 8 oU= A
B+ 92 AANE AFAcHL

LNG g3 g2
).

2.4 LNG Toahsget U GASET Altt

3" 279 FDolA FEEE LNGS 4§ A
Attt A5 Fde AR FPste Aol A
2t step vith #EQ A7) wE LNGY FA%
Z9% aela el stAFEE AMsle #EA
de) A Asgrie] AxE Aeoh w3 HF2Q
LNG Zo &8 AArated 2348 = catch basin A

Aol 2 -g3c4][5].
3. oetsSse| MU|RE

INGH 4A4 medde 5949 502t o
3%, sloshing 3435¢ & & Ao 94 L 4
ol Ash vhistAE HFatFol Fuael ol
A o] wapstzel sl wAHE 2 E
& gae) J2on 2R Foish 44 dudc
Fig3.lo] sa-gd 371¥xe) ALY S acksigo
o ol v AP e 4 BeHelT.

N R e K

Principal Dimensions

v

Ship Motion Analysis -9

‘ Stress

Structural Analysis [ Response Function

Wave Spectrum
(ISSC Spectrum)

Short-term Prediction
Ocean Wave Data

Load
Response Function

¢

Long-term Prediction

v

(Walden, Hogben)

Long-term Distribution of
Wave induced Stresses

Fig.3.1Flow of the long-term prediction of wave
induced stresses.
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5. Prototype LNGA10f| CHSF =X A At & DE

Table 5.1Principal particuiars and design conditions
of prototype LNG ship.

~Speed

FRAE AAEA
Length 248m AF LR
Breadth 48m | Tank 218 | ALS50830

Depth 27Tm AAex -163°C
Draft 11.3m | A& 719 0.25kg /cm®
Capacity | 130,000m’ | s}elu]% | 0.43, 0.5
Co 0.765 i

19K not |
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Table 5.2 Loading conditions

Description Probability
LC-1 Full load (LNG ¥ Z:0.43) 0.25
LC-2 Full load (LNGY}%:0.5) 0.25
LC-3 Ballast 0.5

F, F,+dF,
M M M,+dM,
, ‘F. F+dF,
M, +dM,
F, I F,+dF,
: M, F-dM,

Fig.5.1 Load components acting on hull segment

Table 5.3. Load cases for wave load components(2]

Loading type Load
(unit load) case

Vertical bending moment at end

Vertical shear force at end

Horizontal bending moment at end

Horizontal shear force at end

Torsional moment at end

Forced warping displacement at deck

Forced warping displacement at bilge

Inertia force due to acceleration x,y,z,dir,

Water pressure acting on hull bottomn

—uniform, anti-symmetric components 11-14
about centerline and midship section

Water pressure acting on hull side

—uniform, anti-symmetrice components 15-18
about centerline and midship section

Pressure load vat tank

—unifrom, anti-symmetric components 19-22
about x,y,z direction
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Table 5.4. Long-term distribution of wave induced stresses in
tank
(unti: kg/ mm”)

Membrane Bending
Mean | Ampl.| Mean| Ampl
epuatorial 2.25 7.20 | 0.015 | 0.21
Bottom 390 | 147 | 0292 | 0.08
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Fig.5.2 Deformed shape of structural analysis
model
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Table 5.5. Cumulative damage in tank
(unit : kg/ mm’)

H53dpaeg 0D | G
equatorial 741 | 2.27 0.00488 0.5
Bottom 1.55 | 419 0.0001 0.5
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X
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b) Circumferential distribution of bending stress(amplitude)

Fig.5.3 Long term wave stresses in tank structure
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