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Abstract

The ultimate goal of structural design is to find the optimal design resufts which satisfies
both safety and economy at the same time. Optimum design has been studied for the last
several decades and is being studied. In this study, an optimum algorithm which is based
on the genetic algorithm has been applied to the multi-object problem to obtain the
optimum solutions which minimizes structural weight and construction cost of panel blocks
in ship structures at the same time. Mathematical problems are dealt at first to justify the
reliability of the present optimum algorithm. And then the present method has been applied
to the panel block model which can be found in ship structures. From the present findings -

it has been seen that the present optimum algorithm can reasonably give the optimum
design results.

xKeywords: Genetic algorithms(S& X 2elE), Pareto set(Pareto ZZdl), Multi-objective
optimization technique(Ct2 X84 % =3l), Distance method (JHel®), GENOCOP(GEnetic
algorithm for Numerical Optimization for COnstrained Problems)
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Table 1. Comparison of solutions

x1 x2 x3 x4

exact 2.3309 | 1.8513 |-0.4775] 4.3657

N
GENOCOP 5 3077 | 1.9479 |~0.2099] 4.3717

11
x5 x6 X7 f

exact [-0.6245| 1.0381 | 1.5942 | 680.63

GENOC
" oP —-0.6164| 1.0758 | 1.5525 | 680.79
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Table 2. k, Mc and ¢, to x4

x4 K Me %o
($/ton) (MPa)

i i 450 235

2 0.78 480 315

3 0.72 530 390
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o, = specified minimum yield stress, N/mm®
0, = maximum compressive hull vertical bending stress

t, =0.005s 1/ kh,

-1, =effective length of member
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Table 3 Optimum design results

™ T2 T3 S
O.P. (mm) { (mm) | (mm) K {mm)
A 30.0 | 22.0 | 17.5 2 860
B 29.0 | 225 | 175 2 840
C 27.5 | 200 | 17.5 2 790
D 27.0 | 20.5 | 20.5 3 830
E 255 | 19.0 | 20.0 2 730
F 25.0 { 19.0 | 21.5 3 780
G 23.0 | 18.0 | 21.5 3 710

(Note) O.P. : Optimal point)
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Table 4 Comparison of Pareto solutions

weight cost
O.P. (ton) $) remarks
A 472.91 381596 | min. cost
B 468.99 385112
C 442,24 388276
D 440.70 393568
E 425.94 396451
F 418.91 398024
G 400.02 404011 |min. weight

(Note) O.P. : Optimal point)
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450
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400 O=G

390 g
370000 380000 390000 400000 410000 420000
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Fig. 5 Comparison of Pareto solutions for
the present panel block model

5. 83 #¥

>

0l % DY T4 =8

ABOIA CH2 S Axbiel zNs 2N
e oot Mo i 2 =
HIE &Ne O I He&E FF6HI %
ST MO N0 e 58S 1A

S 2 &3 +aGHAC

ARIC 2 HEO HEls A S8R &
A3 IO, oIolkE 2E HIZHE Lo

g
I @10 EFHEN HRA 2 82 =

=
gsto 20| &2 N GIACHOIFE 2004).

al

ABOIM 38 NG SHOIA B8 M &
Bl 28t S I FOEN 2H Hays 60N
Jr €k

Ustxssts =28 M 44 A W 2 & 20074 48



x1 =T1: QXES SN

x2 = T2 : LHEES X

x3 = T3 : HEHS SN

x4 = M SHX| HS (Material property no)

1 HE=2 =3

x5 = E8 HE MO 28 : 1~5

X6 =s @ B2 2t&A

STHE ML H2 St 0l0l T2 i
&S Table 52 20| 20{5HAUCL

8 = HE WIHIEY &S0 JANHA= 2
HEgel =9 20I(mm) & WE 342 iR
(M, Fig. 61 201 ZIHEE| 300t SOt M
ct SOLoHAIEt BIRIGHA &= RE2 J1EGHICH

Table 5 Effect of deformation control method

No| Method DR Weight & cost
1 No 0%
application
Constraint Cost  for installing
2 30% . .
method constraint points
3| Attaching " Gost for sttaching
carling 50% . ¢
carlings
Inverse o .
4 deformation 40% Working cost
Cost for installing
5 MTM 60% mechanical
L tensioning apparatus

(Note) MTM : mechanical tensioning method
DR : Deformation reduction rate

MM

I

Fig. 6 Relation between man hour and
weld—induced deformation

4Z0IA

A X
. -
glol &8 & EIHE

Journal of SNAK, Vol. 44, No. 2, April 2007

145
Hign B8 WIHIE0| Z&E LIS ALE0H
Ch 1 012 H50 st 822 4202 S
ST

» 22X &= (minimize, discrete problem):
R=W+W
Fo,=Cu+C+ G+ G

=
e
g
o K
o

& oo
oin

500 -

490 A

480 | °B

470 - °C

460 | ;

450

440

430 °E

420

410

400 e
500000 525000 550000 575000 600000 625000 650000

cost($)

weight(ton)

oH o|

TR

Fig. 7 Comparison of Pareto solutions for the

present panel block model

Table 6 Optimum design results

T1 T2 T3 S
O | ) Lmmy | K | W | ()
A 280126.0{17.0 3 5 910
B 29.5123.0]18.0 2 3 840
C 27.5123.0(19.0 2 5 800
D 27.5121.0122.0 3 5 850
E 255119.5119.5 2 5 740
F 255119.5119.0 3 3 780
G 23511851210 3 3 730
H 24,01 18.0119.0 3 2 720

23.5118.0)21.0 3 1 720

|
(Note) K : material property no.
W : deformation control method no.
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Table 7 Comparison of Pareto solution

Weight Cost
O.P. (ton) ($) Remarks
A 495.94 526979 min. cost
B 482.01 527783
C 472.00 531137
D 454.76 535111
E 434.00 540760
F 424.90 556355
G 415.93 571681
H 409.94 595984
| 408.08 629773 | min. weight

(Note) O.P. : Optimal point)
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