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Abstract Generally, the cargo tank of LPG carriers corresponds to an independent tank Type A defined
by the International Maritime Organization (IMO). The outside of the tank is insulated by polyurethane
foam, and the tank is made of expensive low temperature steel that can withstand temperatures as low
as -50°C. The cargo tank is composed of outer shell plates, bulkheads, stiffeners, web frames, and
stringers. Among them, the outer shell plates, bulkheads, and stiffeners can be designed without
structural analysis by the Classification Rules and are constructed easily through optimal design. On the
other hand, optimal design, including numerous structural analysis, is not performed because web frames
and stringers should be designed and approved through structural analysis. Only adequate design, which
determines the design dimensions through several dozen structural analysis, is performed. In this study,
for finite element analysis, eight loading conditions were applied, and the deformation of the entire ship
for each loading condition was considered. The minimum weight design was performed for the web
frames of cargo tanks in the 82,000 m> LNG carrier through the gradient-based optimization technique,

and the weight was reduced by approximately 108 tons per ship.
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Fig. 1. Outer shell plates and bulkheads in a tank
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Fig. 2. Stiffeners’ arrangement in a tank
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Fig. 3. Web frames and stringers in a tank

LPG 5t 539 ZAd7S 18k A+& Shin
51212 HY(global) &3} 71§Q1 s evolution
strategy)¥ -84 G318 E(genetic algorithm)& &
o 57FA9] A 1HAE AAWNSsE sto] Fig. 13
Fig. 20l Yehdl o, Ay} BA3xo] s 2444
£ £ vt Stk o] RAIE2 &4 glo] Ae
goll o5t HA7} 7Fsste] B A9 5 FA%
Qho] Azt 487} A7] wjZe] R glo] A9 A5} 7]
HE Aot JH AAE 3T 4= k. AR B
Q9] B WEA] FR|AE 85t 1 AE
ZAAsfoF stEE A7MEe] Aol Sl A X3} 7]
HE A8sprlole AMY & Fe7t 23] of7t
A= EA, dIA|12E, B 53} Zo] vy 7t
ZE0 A9 2H3t 7S H8oks AH4-oF Y
5] AP Q= Aol

£ dAFolM= A M3} 7R e R AAT 9,
Wil B0 £ 9 M2 1 FeE i =
(local) 143} 715<1 & 7]8Hgradient-based) |
3 7IHEe H8sto] £9 AYo] Table 13+ Z
82,000 m’ LPG 28Hl S&4 o] 9= T Yo
3 HAAFFEAAE Stk

o & P 1M

R

o

Table 1. Principal dimensions of target LPG carrier

Breadth mould
36.6 m

LBP(Length B.P.)
215 m

Depth mould

22 m
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Fig. 5. Modeling of web and flat bar
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q71A, fT © Weight of typical section
fE' : Weight of end section

f . Objective function
Tk . Thickness of web in typical section

THk . Height of web in typical section
T Rk:

Ek . Thickness of web in end section

. Area of flat bar in typical section

THk . Height of web in end section
ERk . Area of flat bar in end section
ka : Length of web in all section

Lfk : Length of flat bar in all section
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T: Web thickness
“J TR: Rod area
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Fig. 6. Design variables at typical section of web frame
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Fig. 7. Design variables at end section of web frame
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Table 2. Loading conditions
No. of LC Description Tank load Sea load
1 Homogeneous Static Static
2 Homogeneous Dynamic Static
3 No.2 tank full Dynamic Static
4 No.1 & 3 tank full| Dynamic Static
5 No.2 & 4 tank full| Dynamic Static
6 Heeled Dynamic Heeled
7 Harbor Static Static
8 Tank floating Static 'tank B
floating
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Fig. 8. Strategy for structural analysis
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Table 3. Comparison of maximum stresses Zlo] EAolrt}.
Combined stress | Shear stress | Normal stress
No. of LC (MPa) (MPa) (MPa) Table 5. Comparison of optimum value and existing
G P G P G P ship in end section
1 168 167 91 91 172 172
Desi Exist. Opt. Desi Exist. Opt.
2 240 | 240 | 126 | 127 | 288 | 288 esign | 4t | vame | JDesisn |Gt L e
Variables (mm) (mm) Variables () (mmd)
3 273 275 | 157 | 158 | 314 | 314 mm m L o
El 12 10 ER1 3,200 3,000
4 103 | 105 | %9 | 9 | 8 | 86 E2 14 12 ER2 | 3200 | 3000
5 253 253 130 130 299 300 E3 18 16 ER3 13,760 16,000
6 241 235 | 125 | 123 | 273 | 273 E4 25 24 ER4 10,500 | 13,600
7 180 176 97 % 156 156 E5 32 33 ER5 10,500 13,600
E6 18 16 ERG 10,500 13,600
8 250 | 246 | 83 | 81 | 275 | 27 E7 28 26 ER7 | 10500 | 13.600
*Global model, **Partial model E8 28 28 ER8 5,000 5,500
E9 18 16 ER9 3,200 3,000
E10 18 19 ER10 3,200 3,500
Ell 14 13 - - -
= E12 20 20 - - -
4. EXMH 7
I~ S o < s n 5 - - -
E14 12 10 - - -
4.1 AXMIO| Hlw E15 25 23 - - -
22515 e T oISt AAMSE H8lel nE
sksxdol] tigk A4 FxRAAS Sl =] B 4.2 A gt
dRT duer A 2 MR, Table 4= qaa 2o vt 19 W3 G o 27EE T o
typical section(TS)419] Zh& B3 Zo]il, Table 108E)9] 71 A7t ATE AL 2 99ith. Shin S[2]
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Table 4. Comparison of optimum value and existing
ship in typical section

Design Exi-st. Opt. Design ExiAsL Opt.
Variables ship value Variables Shl% Valuf
(mm) | (mm) (mm) | (mm)
Tl 12 10 TR1 3,200 3,000
T2 12 10 TR2 3,200 3,500
T3 12 10 TR3 5,000 3,000
T4 12 11 TR4 5,000 3,500
T5 12 13 TR5 9,000 8,750
T6 12 10 TR6 9,000 8,750
T7 12 11 TR7 5,000 4,000
T8 14 12 TR8 3,200 3,000
T9 14 12 TR9 3,200 3,000
T10 11 11 TR10 3,200 3,000
T11 12 13 - - -
T12 10 9 - - -
T13 12 10 - - -
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