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Abstract

The structural design problems are acknowledged to be commonly multi—criteria in nature.

The various multi—criteria optimization methods are reviewed and the most efficient and
easy—to—use Pareto optimal solution methods are applied to structural optimization of a

truss and a beam.

The result of the study shows that Pareto optimal solution methods can easily be applied

to structural optimization with multiple objectives, and the designer can have a choice from

those Pareto optimal solutions to meet an appropriate design environment.
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3.1 Optimum Truss Design
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and F2:y1+y2 (ilii‘lé:l)
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V3A,y,42A,9,—2 A,y , =966
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Table 1 Pareto optimal solutions of
truss(Weighting method)

k 0.0 0.2 0.4 0.6 0.8 1.0
A ()| 120.0| 120.0| 120.0| 114.6| 111.5| 1115

yi (xe) | 4.475| 4.475| 4.517| 4.930 5.0 5.0

Ao (xa)| 120.0| 120.0| 116.0| 93.99| 96.60| 96.60

y2 (xe) | 4.325| 4.325| 4.399 5.0 5.0 5.0

Fi 1387840 (387840 381840 339472 |338018 |338018

Fa 8.80 8.80 8.96 9.93 10.0 10.0

F* | 0.8799| 0.9338| 0.9867| 0.9998 1.0 1.0
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Minimize F | =1732 A , + 1500 A ,(El& SE)
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Where, e = F, 0l CHSt S HE3t (goal)
V3A v, +2A,y,—2A,y,=966
—2A,y,+3A,y,=483
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Table 2 Pareto optimal solutions of truss
( e-Constraint method)

€ 10.0 9.8 9.6 9.4 9.2 9.0 8.8

111.5| 120.0| 120.0| 120.0| 120.0| 120.0| 120.0

5.000| 4.808| 4.746| 4.682| 4.616| 4.546| 4.475

A (xa) | 96.60| 90.09| 95.29| 100.9| 106.8| 113.2| 120.0

5.000| 4.992| 4.854| 4.718| 4.584| 4.454| 4.325

Fi 38094 342970 | 350774 |359125 | 368057 | 377605 |387806

Fa 10.0 | 9.8 9.6 9.4 9.2 9.0 8.8
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B.75 LG
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Fig. 3 Pareto optimal solutions of truss
( e—Constraint method)
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3.2 Optimal Beam Design

Fig. 401 2AX0l, 0l =M= 2 &ots &
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Fig. 4 Beam design model
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(a) JEEXIY (Weighting Method)

Beam &} ZNE HNSXEH2Z LIEHHH Ct
St 220, & ZEEoHE Table 32+ Fig. 501
LIEFHCE

L i Fy
Minimize F= k +(1—p

Where  F, = 2x,x,+ x5(x, — 2x,) (BILSE)

_ ﬂS x| AT X
Fy= 18kl (ZIAKA)
Fip=127.41 (cm?) (ZASEEA)
Fy5=10.0059 (cm) (ZIAHRALEH)

k= Weighting Factor (0 <k<1)

Table 3 Pareto optimal solutions of beam
(Weighting method)

k 0.0 0.2 0.4 0.6 0.8 1.0

Ai (x1)| 120.0] 120.0| 120.0| 114.6| 111.5| 111.5

yi (x2) | 4.475| 4.475| 4.517| 4.930 5.0 5.0

As (xs)| 120.0] 120.0| 116.0| 93.99| 96.60| 96.60

y2 (xa) | 4.325| 4.325| 4.399 5.0 5.0 5.0

i 1387840 [387840 |381840 |339472 |338018 [338018

Fa 8.80 8.80 8.96 9.93 10.0 10.0

F 0.8799| 0.9338| 0.9867| 0.9998 1.0 1.0
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ZyzaLx 3(x 1= 2% ) P 2% ox 4 [4x 2 +3x (x ;—x ]
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Table 4 Pareto optimal solutions of beam
( e—Constraint method)
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e =0,055913

e =0.050356

¢ =0.044799 Optimal Beam Design
€ =0.039242

€ =0,033685

e =0,028128

e =0.022571

¢ =0.017014

€= 0, 011457
e =0.0065

tem)

Il.fi,‘it\['

0.020F
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0.010f
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0.000 - L Sl b
0 250 500 750 1000
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Fig. 5 Pareto optimal solutions of beam
(Weighting method)

€ 10.0 9.8 9.6 9.4 9.2 9.0 8.8

Ar (x1)| 111.5] 120.0| 120.0| 120.0| 120.0| 120.0| 120.0

y1 (xe) | 5.000| 4.808| 4.746| 4.682| 4.616| 4.546| 4.475

Az (xa)| 96.60| 90.09| 95.29| 100.9| 106.8| 113.2| 120.0

y2 (x4) | 5.000| 4.992| 4.854| 4.718| 4.584| 4.454| 4.325

Fi |38094 |342970|350774 |359125 |368057 | 377605 | 387806

Fa 10.0 9.8 9.6 9.4 9.2 9.0 8.8
tetxdstsl =28 M 46 @ M 4 S 20094 83
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3.3 Optimal Grillage Design
ﬁiﬂE 22 2X 2Ot Fig. 701 221 241t
2 485N UACL 0Ol &

| HASYS SN

o nx 10

X =
W W
E
SR
H
i

Vel
ry
i
HU
[
-
(HH

2 M) FHAO 27 X
SH)ol EFHEUMN SHE
Mot A71 Xt 2tel 27RZ
HS 51| SISHAl LEol 2N &
0 S04 oK mEs

2-|>IF_\J_—U[U?LIZ_<RL0FHH
o T
N
b
so
o
0z
Fl
=8

0
rr
|l
Of
o

I x4
o oo

ol
g
B
-
=
i

or J

to
N
FIO
mz
=
0 =
1z
E__J
=
U
o
to
0z
z J
=3
)
[S)
[
to
>

20!l EHDF ESES ’é*%ﬁ 4o 2% =
k=1.0 2 Q=3, P=1622M 22
oiEez BEOl o SH= Sith
Eval HI e Q=3, P=22A E&HI
fIohA £ *KHEI =Xt S Mot
FHe St [etd 24
IﬁoDﬂ SIIStCh

Journal of SNAK, Vol. 46, No. 4, August 2009

415

Fig. 7 Grillage design model

Table 5 Efficient solution by weighting method

k 10.0/0.1/0.2(/0.3/0.4/05|06|0.7(08]09]|1.0
Q 2141565622 2 2 2 2 3

P 32|33 7|8 9 10 | 10 | 12 | 16
Tv |1.01]0.94/0.83/0.83/0.78/0.75{0.74 1 0.73]0.73|0.72|0.71
Tc [696|699|739|739(799|837| 879 | 923 | 923 |1018|1283

k = Weighting factor

Q = Number of girders along shorter span
P = Number of stiffeners along longer span
Tv = Relative grillage volume

Tc = Relative total cost

300 p=
? k=1.0 (3418) Design Data
1200 L =om
B=8m
i i K, = 500
i i i K =80
5 ; K =2.5
& 1000 - ¢ ku0.2 (2X12) :
g & k=0.8, 0.7 (2X10, 2X10Q)
sor o ke0.5 (2%3)
“ak=0.5 (2X8)
300 = T k=04 (2X7)
g keD.3, 0.2 (X3, 5X3)
700 | Optimal Grillage Design T e ka0 (3K2)
k=0.1 {(4X2)
500 /] 1 1 L 1
0.80 o.7a 0.80 080 1.00 1.10
Volume (m?)
Fig. 8 Pareto optimal solution of

grillage(Weighting method)
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