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ABSTRACT : In this research, a multilevel decompomlon technique to enhance the efficiency of the configuration
optimization of truss structures was proposed. On the first level, the nonlinear programming pr oblemn was formulated considering
cross-sectional areas as design variables, weight, or volume as objective function and behavior under multiloading condition as design
constraint.

Said nonlinear programming problem was transformed into a sequential linear programming problem, which was effective
in calculation through the approximation of member forces using behavior space approach. Such approach has proven to be
efficient in sensitivity analysis and different from existing shape optimization studies. The modified method of feasible
direction (MMED) was used for the optimization process. On the second level, by treating only shape design variables, the
optimum problem was transformed into an unconstrained optimal design problem. A unidirectional search technique was
used.As numerical examples, some truss structures were applied to illustrate the applicability, efficiency. and validity of
the formulated algorithm.

o A g of rohdA $E7IYL WAE SR Aveay

KEYWORDS : Multi-level decomposition technique, Modified method of feasible direction(MMFD), Behavior space approach

1. 2 1974, Storaasli &, 1974: Noor &, 1975 Fleury &
1986: Fadel 5 1990: Wang %, 1995 Wang %,
Same AAAAE ZEAES Aold] Be Aol tide] 1996 Zhang 5. 1997: Chung 5. 200007} 24l 213

slo] olo] B A7} s AYEHA, 2719 HAHA 9 9l AAolrt  wEd AF7A| oijrb] e AT
#et Aol diRRe 34 dAMN(Mathematical T2 HAgle| oy Fefole FREC] EitsiAlil Y
programming method)o|A 24 de] FHERE 7H’\4o}7] sigol] wel oty FREe HAsglel #wek A7t 83D

Yetol HAHA 715 (Optimality criteria method)& olch, zefut divtme] Bxe FrEe] tid Fde] uAld
slalglet. Aol Ho o $FHEEEE AT }:1’\}/] 35 HAstdrlekE A ‘fFQP AlokzAxe) 71 BolAl
W (Approximation method)ell  #et  A7HSchmit &, 2R ol5g u#d AAFTA g Far7E Al 2
) elel, wsclet B3} vkl 44K # et e 290% 20044 88 3197 B2 BFAY B

{Tel, 063-270-2425, Fax. 063-270-2421, E-mail: limyonsoo®hanmail.net) ke ARG

) Agje sk Rt AL Flkhanl 0206t shinbiro.com)
3) A8, ASgdy EEge) g 3} (lgywon@mpak . chonbuk.ac.kr)

stz xses =27 Mi16d 158 6835) 2004 28 123



Qoi% - =t 0|7

e

a1, wzZE =g
=4S AYa 9
:LELE qﬁ’r—m— :r1 4 e Yo uAd A

AN 2 7EE S 59 e

W
omet

m““OWr ’\ﬁE Z:%%l e 7leetd Pt
HHshe 71t F4ol 14d At Hshunt
T 3 AfRAAe] ot Fkela, w3 AR E 2A
FEPH] e F R A —?7} A% aake v
HASHEAL =Y, o] AAMSE d4to] nE 79
AA el w7 slo] H23} 476] o et 3o
TE Aol BoFE it vy F2EY ¥4HH
T AR ATt} 8 Hrje ARE ¢ ¢ 9}‘4.
wehA oleidt ditRel Bist 12EE 3
Fal7| Yeide A FAEAE ZUd o A e 2
¥ #HA 824 (Sub-optimal problem) & #&sl] o] B&
HAsHEA e SHHcE THdozd A HH s
A&7t AEHoE dor|e gutd B8 HA3r o] o
g A9 Ed2(Pedersen,1971: oY 5. 1986; o]
4 5. 1990: °]7Y £.1991: oY &, 1992: o]it¢d
&, 1995 o]7td &, 1996: ol &, 2001) 9As #A
]3}3’— ahct.
Aol i #8 A1) Al 19 BA
3374121 34;5‘-'5}"# & A AYAY Az WEsled pMd
518138 (Modified Method of Feasible Directions:
MMFD) & @8 HHslE 33t ojnf 2 dAoyE
7129 ATet g Rl (Sensitivity analysis)dl &
Xolgtn geizl A%E57hE (Behavior space approach)
(Arroa &, 1976: Haug 5. 1978: Arroa &, 1979)< o]
&3l Q3 m3rE :rLO}Dﬂ gk A5} erﬂ ol o]
B¢ FAEY] AR LN 5 o A 58S
Eol3, A 2vHAlME 4 AARLTS aesie 7
AL HHst FAE g2 gutA B g
Efx 72E P4HAse] G384 Boley 1 Edo] 9

o,

2,

FE
o r &

ol

==

2. AT
2.1 AFLE

A7 e Edle 2dza (Model
coordination method) (Kirch, 1975: ©]7¢, 1980)% 1
224" (Goal coordination method) (Kirch,1975) @ &
AR (eI 5,1991)0] 9lth. malzame Falvbol

ok
HEAS] HE A&HOR 7 5 e Wolth 182
He TRES ¥Y, 59Hoz 7B Azl
(Interaction-balance Condition)°] F&& w7ix] 23
T Aske o E HAAWS 9 AdRAde £2 24
Ao e Aol sle 7 BB 2250 HA g
2 92 niRle Az, & At neske 43
A= o] WHE A&7t olduh. agln EdzPULS
Aol O T TR AAMNTE BdiM AHEE A
T e Rz AHT} pRES Fdsle) de 7t B
T TEES SY0R HAIE sk dANSY ¢ 9
AkzANY 8 S F e n2xPHe FHe #
slal glov o] WE P2ES REslnz 1AW A}
W7Alel H S 7R gk, webd ngxay ¥ 32y
W A mes7 2dsiee E ddie 2
i%“%’iii Egx 728 JHHAE st g

£ A7 A 19N E dud S AANER s 23
FrE PREY Y TE iﬂ@]%‘%‘% wlstal thfsk 24
st Aldxrors AgAdRd 2RIl A4
Al g mE g vjAly Jwﬂ*ﬂ]e A, o8 &3 A

FAY FAR Wt ol BAE AlekzA(Active
Constraints)¥he eishs /IAE 3&0dRe Agat
A3}t B = Aoz a3t C3-E Aksla,
olF ol&dld FAHE Al dozn HHsl Hee
ZjMe 5 Folm, APANME A AANET 18
Fogn HAsle] o] e FAt HAINEAS A
slo] g Ao R HHEE Fgsto s B A
o Hlgle] A Fxre|Hoz EXA 7B HZH IS
JQLO]OW & 9

AToE o) 2o] HRo] e AANEE 27}
¥ 6}1 584 WAEHNE o83 Tkl BWINS
Bl P23 A3l £ U9 4847 584 U 8
94 Baa,

2.2 CiEhA| 28 gaE|xs 71y
= A7 v AT vhed 2

2.2.1 A 194 A48 B4 34
¥ A7 AgAdME & o
Ex%-s]—"‘b 6.al: T ﬂ;g ]”Li Xﬂc’t}_ﬂ’\‘_?j{— %Ej .,

MeAeks meldth AFTIoR WAES Mgl 1)

124 s=z7=xsts =27 w162 15(EH 685) 2004 0¥

I



Al Z3} NYAY FA R sl g Uk
g o] &3l AZﬂﬁ} 34 F 2A4EE SAkgth
Minimize
M (8A) = Weight=[ ol{ A L} + [ p]{8A} "{ L}
(1)
Subject to :
[BIF)}
(o) —10=0 )
[BUF} _
(o.) 1.0=0 (3)
{uy < {u}<{u}ly (4)
{8A}, < {SA}<{6A}y (5)
o714,
o,
[o]=

{1} : 54 2ol %2
{04} = ({A) — (A¢D)

{A} - A 9%

{Ag) - dAas (A)e 2714 38
{04 - 8% Qs 99

{0.) : 818 4239 92
{04}, : {sA4)9l a8
{0A}Yy © {8AY9] #8x
1
Al
{B} = 7117
1
A,
At A wg
{2) = {u}+[vulldA) : H9 g4

{ug} + {Aghane wsglg™

sRuPxE =27 Mi6H 12(8H

du, du,
3A,  9A,,
[Vvu] = . coe. .
dou, du,
A, = A,
Taylorg<e] 121ebet mejstd {A of 2ellA 24 (F}

2 ohe Tt ol AR
{(FY={F)+[vFI{A}—{AD={F}+[VFIA

(6)
oA71M, (Fy): (Agelnel 2892
CMF}  F)  AF)
A, A, A,
sFy  olF)y  alF)
[VF] = | 44, A, A,
o(F,) o(F,)  8lF)
A, T 0A; dA,,
10 BTV B V2 B
A, A, dA, 1 (D
of7]A,
HFl _ a[k] 8jut
o714,
(%] : 24 892
( EA
_.iTL . . . 0 w
A
(=] - LA
0o - - LzAm

[8] @ 98 2aA g2

o{u}
oA, v U3 2ol AsF

}:1](4 m )kl

8)) 1))

el ofa Akt

683) 2004 28 125



Ad]omt Relatlonshlp)
(X} & myuiet opd
xﬂojb}_ﬁﬂ g,-({X},{u})/] Kﬂ 1R (14e] gt & o

= (3l oo+ (55} on

o714,
9X 39X, ' IX,
{_3&_]7 _ {_0_51 ... 98
du du;’ * duy (10)
{6x}7 = {8X,, - - -,6X,}
{637 = {Suy, - - -, 0uy

95 | gy = zon AR & (X7

(oo thgah Welol gt {a*))ol X Ak
og 7T

¢&{797f} {oude (5X)9 424 Uepix] o
Bl W] Wole] 12} WBlEE {Ju} & AAF S Qonw 4
(9)& thew} go] £ £ 9},

0g;, = {vg){ox) (1

3714,

(ve}' = ﬁf‘d’f} (12)

o] e AkRAA g0 ygdt HPASHE (Adjoint
Variable Vector) {€}3 Z9iail 4 fulE] = o8 4]

of ehzA Heldr},

dg;
e = {5 03
5]
A7, 5 J& A0 Folriom wet g=u,

og;
o]ﬂ"ﬁ { 3u} {I}O]i /\1 13)0 lﬂ%i]— 7EL°]

o]
A

f

e
T

LKI{&} = (1} 1)

oA7IN, ([)e
) wlEolc),
wisle] olg B L Tew 2o,

JHRelA 1o]3 1 99] /RAES BE o

[K]{u} = {R} (15

o714, [K] = [B1T[#I[A]
(R} : #8815 94
2(15)9) o] A 1HE-S Haiy thew) 2

s I

(K (0w + 3|2 |wsx, = F| 2 ex, (14

o P& [H]E o3} o] HesiH

n=[{FE} T
ST

1(16)2 a3t 2ol €.
[K]{duw} = [HI{6X)} 19

{&}T2 2(13)% ol 2
[ K]& t3o)7] wjiol] The Alo] dojzit)

T
{98 (o = (&) TH (50 (19)
(198 A9 tila olefst o) Br.
T
oe, = ({22} + @m)exs o)

{(V&ol thalod Tk o]

126 st=z7=xsts| =27 M163 15(5A 685) 2004 2¥



T
{veg)" = {—%é} + (&) "1H] (21)

0g;
g=u;2 7Pgsiy {W(L} = {Oojmz 4@z
e el e et ol 28 4 Uk

{vuj}T {Ej}y[f{] (22

2.2.2 A 29A HASEA 34
2 Aol A EHldNE BHss

AEre % T

AsheAlE 8492
€ T

AAWFR 8l B
ARYSE so) Tt e RAY 4
Bt o2 QU B YR As

Minimize :

M(Y) = Weight = [ol{ A"} {L(D)} (23)
Subject to - { Y}, <{Y} ={Y}, (24)
{A™} © AlGAAA 77 dAMS

{Y}: &4 AR 9

{Y}, © &8 AR slgA] g%
{Y}, © 38 AARs A a8d
2.3 &|Xst LIS

2l $E AR THEUE B A7 A @

=

2Ee a9 194 HojFm thga o] a9k}

Step 1 : Al 194 28 A FAld A 2 2%
Wgel 2713 Foq

Step 2 : &34

Step 3 : BIH=sHel oA Fale ZAlg)

Step 4 : Al 1Tl 8 HH3REAS A &8 /idg
&8 W3 o8 et

Step 5 : Al 194 H&E&7t FHH Step 628 213,
a8 kol Step 22 A o}

Step 6 : Al 2vtA HaHHE BA9 HA #E Powell
Bl AvbeF ehapel] o8] it

Step 7 @ BRI FHAAY EE &87HEI]T

Aehsiy BEE| L= K=K+12 gt}

Calculate Gredient of displacement
using Senstivity Analysis

Optimization
1st tevet

K=K+1

0%l 1. &N Dol sEE

3. % of

E ATolA AtE daeES A YN AF ol &
He 374 Edfs 728 31%6}04 = guiEe a4
o 5ed 3 e st @

3.1 281 ERA #x8

Od 29 Z2 2FA) Eexe] AAlzAe £ 13 2on,
A Fgo] A3 & 29 23, F 225E ¥R
uE SAYE 2 a9 3, HHFYE 39 49 2en, &
g ete] A A3 A9 £ Aol A3 29 vlue & 3%
2,

3 (500.0 )

L 00.0) 3
/

2 (400,400 )
100 ton

33 2. 29K Hg 7z 2

FxeE =827 127

H16W 15(8H 68%) 20044 28



H 1. 25X ER{A0] MAZH

(F8 5,8,10)

3.2 77 EBA xT

EEET
IEaEds o 29 59t 2o THA| Eels] AAZAL E 49} o]
ok o o 2/ I _ B . . -
Heea LER IR 0.25¢m HAe o] AoA= £ 59 #ar, E SRYE wHEE S
HA 2100000ke/cn W 2A%E e 19 6, AHEYL a8 79 gon), =
g Epe] A A3 Ao} & Ao A7 X9 Hlme X 63
E 2. 25 E2{A9 MA| x| Aol
B : & A (o ’
lr A ( Cm()) c:(o ( (my) 2R )
2713 | 50 50 1400.00[400.00| 48899.80 K 240" " 240" N
34 174 |26.9011]78.36613 [400.00]400.00] 47528.75 4D 4 ©
1 3] whE 133 3484| 67.5878 [400.00/205.00] 30405.24 % T
2 3] ukE[34 2452] 67.0665 |400.00]201.07] 30387.19 3
50000 4 5 [ g
[a\V]
’E 2
710000 , 1 5
s B @ G
i l; prd e § ©
00009 a7 5. 754 EBjAll HE X 2
E 4. 78R E2jAc| MHx7 (23 6,10,22)
20000 | | — TAZ
0 ‘ 2 X Vi
HIE 5| A(S
SE(2) A1 A skzA A4 0. 40.0(kips)
a2 3. 28K E2lA0| giEsf mE SMES () AzAEr A8 0. | 40.0tkips)
3l 452l (%) 15 (ksi)
1:(0.0) Aok 51 4-88(A4) 20 (ksi)
T oot .
(Ve 15) 30 fin)
A5 1000 (ksi)
T = MA| ADiz
(400201 07) E 5. 7% E2149) A 22
Ik
e | 271 | g4a N
- 7 18 | 29 | 39
(400400 1| 3.846 | 26108 | 2.9376 | 2.7385 | 2.6995
' 2 ] 3.846 | 0.0749 | 0.0100 | 0.0100 | 0.0100
o by |3 3816 | 3.5312 | 2.8371 | 2.4855 | 2.4660
Sy (o) |A| 3:846 | 5.0560 | 5.0307 | 51734 | 5.2116
% 4 257 EalAe| & wA 5| 3.846 | 03594 | 0.3949 | 0.3999 | 0.4003
R 6 | 3.846 | 25499 | 2.9388 | 2.7240 | 2.6899
&% sl Eaicol o ool i 7 | 3.846 | 36142 | 3.7809 | 3.9751 | 4.0116
3. 27 Selad) & Hnel vla 44 | X3 240.00 | 240.00 | 240.00 | 269.10 | 270.69
Mad e | wds | #WH8 | BH10 | w AT (in) | Y3]240.00 | 240.00 | 203.18 | 189.16 | 189.61
B () | 30476.19 | 30476.19 | 30459.27 | 30387.19 waar | -
493 cm) | 200.00 | 200.00 | 20007 | 201.07 (in3 ) |/008:28] 4988.95 14796.55 4738.19| 4737.45
FxAMe] £3)| N/A N/A 3 2

128 s=2z7=zsts =2

I

M6 1253 68%) 20044 2¢



8000 — 20i<i€)§ EOkips ZOkiD? ZOKiP\S 20i<i3s
400 8 ® @ 2 @
‘ 16 12 8 4 1 “ %
:’; 7000 — 17N\ 19 13 1] ¢ 71 s 3 A §;
= 18 14 10 6
< w 9 7 5 3 -
100 * ¥ * —y
wr 6000— y 250" 250 250 250"
o 12 8, 1857 E2jAc| B X ¥
5000 — _
E 7. 1858 EBAL| MAEH (28 514,17
A 2 A Case 1 Case 2
4000 i | [ o xug | v | xwe [ Ve
0 1 p) 3 Askz7 (A1) 0. |20.0(kips)| 0. |20.0(kips)
HHE 5|2 (3]) (442 0. 2 Otkips)| 0. 120.0(kips)
Y (%74) 0. |20.0(kips)| 0. |20.0(kips)
02| 6. 78 ER{AQ| erEs|ol| WE SHEF(in3) (AAEG) 0 90 Okips)| 0. [20.0(kips)
(278) 0. |20.0(kkips)| 0. |20.0(kips)
5e 0 (ksi)
1@ 4 @) (240, 240) Ak (- ) i
| == 20 [ EULER®!
N ==L L \® (270,69, 189.61) AEeH 2222 (si)
AN A% 10000(ksi)
N
7 s b ROFE 0.1(1b/in3)
// \\\
2/ .7 N
@ i 1 ®) 3.3.1 Case 1
= )
— A ;Lz-} 1 Ay {_\“ oL 7} v 24
) @ 280, 0) AA27 Cage 19 gk 233 & 8% 23, & 8%
B WHES|4o| wE AR ghe ad 9, HAYALE 14
2802 BS 109 Zowl, ©3 Bl 47 A3 Ask & Aye] A3 A
H e § 99 #t}
2] 7. TEA ERjAl] HE A
T 8. 188X E{A| MA| Hnkx|(Case 1)
1 e TR
QA 2 %73 o¢ il
E 6. 758 £2jao] £ oi7el blm PE ) 2R g (24 [ 58
My e | BE6 | BA10 #H2) 29T ALM. A8 1000 | 1000 | 1010 | 10.23 | 10.26
BT (in3) | 5074.56 | 5033.56 | 5303.96 | 4737.45 i
A2(A6, A0 | o) 6e 1 1500 | 15.00 | 15.01 | 15.02
Ahaa | X3 | 389.95 | 33480 | g4 | 270.69 Ald AIR) 6 3. : : :
. - e e
(in) v3 | 15946 | 18137 | ¥ | 189.61 A‘“%;j”' 1250 | 5.00 | 355 | 255 | 251
Zzsidel E) | NA 3 N/A 3 (A9, AL3
GWAT AL g g7 | 707 | 6.79 | 647 | 647
\1/)
3.3 185X ER{A #*x& ] (in”) ,
: =Fl= X3 1000.0011000.00 | 798.21 | 698.21 | 703.76
Y3 0.00 | 0.00 |102.65]121.24|121.24
12 g3t pe 184 Eajse) AAZAS F 7o) $85 X5 750.00 | 750.00 | 563.80 | 522.67 | 530.10
- Y5 0.00 | 0.00 | 75.36 | 78.66 | 80.06
LT X7 500.00 | 500.00 | 322.85 | 319.44 | 314.73
Y7 0.00 | 000 | 26.77 | 26.77 | 26.27
X9 950.00 | 250.00 | 255.00 | 261.74 | 266.74
Y9 0.00 | 0.00 | 500 | 11.10 | 13.38
EM(in)
=454 ¢k(1b) | 6436.29 | 4780.33 | 4186.94]/4069.9314052.76

simztnxsts =27 H163 15(5A 6835) 20044 28 129



olol% - 5wt - o] P8l
S 7000
< .
0
% 6000 —
o
5000 —
4000 —
0 1 2 3
o= 3] 2 (3)
a7 9. 185K E2iAQ| HIBsI40) ME SXE(Ib) (Case 1)
: “250‘ 250 250 250' 250’

N
X
X

i1
X h

3.3.2 Case 2

4727 Case 2 i@ A& & 109 2,
EERREEES

#* 10

2 BAEs g a9 11, HEgA

3 129 2o w3 Ele] A3 An Ae B A7 Ay
29 ¥)@e # 113 2t}

¥ 10. 1874 ExjAe] MA| ZuR| (Case 2)

. &4 e B
B—_‘)\ * 5 O O
Al(A4, A8,
AL2. AL6) 10.00 | 10.00 9.93 9.95 9.94
A2(A6, AL0,
Ald, Al8) 21.65 | 15.00 15.00 15.00 15.00
A3(A7, AllL,
AL5) 12.50 5.00 3.43 2.48 2.48
AB(A9, Al3,
A7) 7.07 7.07 7.49 7.13 7.73
@9 (in”)
X3 1000.00{ 1000.00 | 798.90 | 798.90 | 798.90
Y3 0.00 0.00 111.3 | 161.30 | 161.30
X5 750.00 | 750.00 | 562.11 | 523.73 | 523.73
Y5 0.00 0.00 79.58 | 97.86 | 97.86
X7 500.00 | 500.00 | 326.21 | 326.21 | 326.21
Y7 0.00 0.00 26.79 | 28.54 | 28.54
X9 250.00 | 250.00 | 255.00 | 252.16 | 252.16
Y9 0.00 0.00 0.65 -0.26 -0.30
9l(in)
548
ZHib) 0436.29|4780.33 | 4175.28 | 4022.56 | 4022.55
a 70007
<F p
o0
i 6000 —
oir
5000 —
4000 —
3000 — I [
0 1 2 3

a3 11, 187 E2fA9 ghsslol mE SXE(Ib) (Case 2)

Z __: \L—‘L{_fﬁ,;—)b 2" (530,40 56,08
4 (266.74. 13 38, 3 (e, 25
rFEREETIET
EREEEE T
8! 10. 185K EB{AS| /A &At (Case 1)
E 9. 188X ER{A°| E} o329} H|? (Case 1)
EEE)
A Z7)A] . Felix | Hansen
Hol 53] N N
AT 5 (ma g | (2e17)
A1(A4,A8, -
A2 Al6) | 1000 | 10.26 | 10.32 | 1105 | 10.70
A2(AB,A10.
ALt Alg) | 2165 | 15.02 ] 15.02 | 1507 | 15.19
ABATALL | g9 50 | 951 | 253 | 454 | 1.94
Al5)
A5(A9,A13,
) 707 | 633 | 628 | 533 5.19
X3 1000.00| 703.76 | 748.99 | 991.17 | 881.42
Y3 0.00 |121.24(110.12| 19.68 | 178.76
X5 750.00 | 530.10 | 539.52 | 745.88 | 628.90
Y5 0.00 | 80.06 | 156.00| 15.12 | 124.92
X7 500.00 | 314.73 | 317.37 | 494.61 | 390.54
Y7 0.00 | 26.27 | 221.56| 34.53 | 66.79
X9 250.00 | 266.74 | 262.86 | 249.54 | 313.16
Y9 0.00 | 13.38 | 235.90| 23.60 | 45.03
@2 (in)
AT 4052.7
) [6436.29) 0T 4016.8 | 452470 | 3906.80
EECEE ! -
s 3 N/A 59 8
130 st=zt7=ss =27 M6 15(EA 68%) 2004 28

o |o



_250'  250° 250’ 250 250° 5 A 038120
// - o
Yo
f y 3 N
% : - 1’;: Tv/v, \
1 T Y i
IR
Mol AA sy
08l 12 1858 EB{A2| X Yo (Case 2) 0.36.0)
E 11, 18984 E24A9| € 479} H|T (Case 2) (12.0.48)
H A &
AN 2714 ) Felix | Hansen
B 8 5 o o 3
2T 25 agiy | @an) ot
AL(A4AS, . 4
o arg) | 1000 994 | 979 | 1134 | 1276 - .
AD{ A J
A0 G) | 2165 | 15.00 | 1500 | 19.28 | 17.77 T2 13, 35K YH ERjA XE X o
ASALALL 1250 | 248 | 291 | 1097 | 555 E 12. 358 2 ERjAS] Az
dAAzd
ABA9ALS, | oo | .- . .
alp | TOT TS T8 580 ) 326 etz (44 1) 10001
@4 (in”) Ackzd | dged 10ksi
X3 |1000.00] 798.90 | 801.62 | 994.57 | 881.42 GA% 1200000psi
Y3 0.00 | 111.3 [162.90 | 162.31 | 178.76
X5 750.00 | 562.11 | 563.75 | 747.36 | 628.90 B 13, 354 QM| ERjao] A ZIix|(YeE 1F)
Y5 0.00 | 79.58 | 116.10] 102.92 | 124.92 o VA TS
T /A O > =] >
X7 500.00 | 326.21 | 320.76 | 482.90 | 390.54 =T U ) 23]
V7 0.00 | 2679 | 27.38 | 3296 | 66.79 iy 0 TR D00 | 0.0
' 25 25/ 263.20 | 221.71 | 31 (in%) —— o o
X9 250.00 | 255.00 | 263.20 | 221.71 | 313.16 in - 00 T Re T3 i
Y9 0.00 | 065 | 0.00 17.10 | 45.03 &2 X 720 720 200 200
4] (in) (n | 7 | 480 480 | 60.02 | 60.02
R 5 FHRE ) 97503.2 | 16592.6 | 7086.75 | 7086.7
iy |6436.29/4022 55(4053.70| 5713.00 | 4505.00 (i) 27503.2 | 16592.6 | 7086.75 | 7086.75
Gz 4e] ( o
(3] ’ s s i —~ 28000 —|
ks ~
& 27000
- ol
3.4 37X A E&A AT 26000
or 7,
3 137 22 3% A4 Epfad] HAZAL § 129 8000
wonl, H=a el AAE R 1339 2u, E 13023 000
B wagsol he 58S e ad 14, #994e a9
159} 2t} 6000 I ]
1 2
uhe sl 4 ()

Pxots =27

T8 14, 39X x| E2{Ac] giEsiRol e
S (in)

Hi6H 15(82 685) 2004 22 131

I



oo
e
4
I
OU:
e
°
4
I

0.36,120

149k 7o) 33] olfje] WlEAlo 2 HA Fo] 2=
6}9%4.

2, 5,8, 10, 1394 HoF & Egjx 3%
A delld FAZEY] AasS E 159 FEH
=3

=] uiﬂ, =

2 i
30, ¥

I 16, ST das
18574
[ 2 H 7\H 7 = ZH

E—r’; 2 E_Eq 2 B2

357

12.0,0.60.02) f’
| A E A

casel case2

T 337
(72.0.48) (S A28 2.80% | 34.43% | 25.73% | 25.73% | 39.67%
& A

o 51014;} 37.86% | 37.73% | 37.03% | 37.50% | 74.23%

!
[
|
I
|

Z

>

o1
M
rhu

(0.0.0)

2>
x|z
02 (o2
ox [0z

[
—Ll
N
i}
2,
)
oo
olt
2
e
flo
11
=l
i
o
L2
ok
2
a% e
)
iy S

32 15, 39X UM ER|AS| A HAH
. (1) & a7 el o 8z 7289 o 37
4. Zof 24 = BRI o2 2.8%~39.67% BAHQL,

3 AAshe FATTF e 37.0%~74.23% 7

A& F3lol Mg 27E aokshd oheat 2t S webd Exs FaEe] HAske AR
(1) & B8z 25 74 d27H B a7 23 2% T ohe} WiEA] YA aefsieiol A3} B F

AT e ot Ao7} &S & 3.6, 9, iciass

HERFE & 5 00 2 Aole FExd 3 4ad (2) 7Asees 4ag VLS sdsio HEAS
7o) Az t2r] YEog ddEnt TS F2 AGAE AR Mo EA FE &Y

(2) % 3.6, 9, 11, 130X HoAE £ A9 & A7 7h &o] oteS siglen, EF WHEE o] &dlo
TEAHY 5 Aelshd £ 149 2 A3k Ay = —‘?ZH T

& Ak gomM TR
A 5le] A0S BEsAT

= AT
E 14, XA £(3) (3) & 9+ ¢x %—% Eds 7229 gy, 1R, Aot
EH2 3R g | 7o fj—iﬁ ; %—‘i’j% 24, Aot 20l ol A 43 33| olife] wHE:
_ son | ey o | WAEAS Ao A o) SHskch, webd NEeS o
s casel | case2 A B %‘ﬂﬂ%-?: 240 Zohn ,&1‘;_} 0
T o H4P 289 343 BAE V@l AHE P
s T - 2 448 B2 9% 4 90 GETEE 95
e 5 3 3 3 ] BAOE T%o] 8 Zolpz = o:]:[L ayg)ze &
3719 o] Y)5o] B ofel ¥ FE2 T4
G5 el % el aclel sl B S A2 sl 7289l A4 Asickn BrEc
849 = Bel A Aost Do) BA) 2-38)w] Bas Siatel 2
sk
(3) & A7 duelge B p2gel 9H, TR, A e A8t SHETEE A9 9 AsEa ¥
E, A N6 ol WA 9 39 306, 9, 43aan 3ISaTAEe Ao ool A

[a—
(%)
N
ro
H
o
4
B
1o
o
M
Mo
ikl
X
>
)
ot
R
fol

) 2004 2%



F =)l

1kl
MO

olTFE(1980) HmEA TZEC| YMHHSIO| HBH AT,
Ax gt ekl (ALY =)

o], TAR(2001) UEHFGA] 7EAE A8 B
FxE) HAYIHHE}. ChstERESI=2Y A21 Al
4-A% pp.445-454.

olftl, AALH1986) £ Hg} | o3 B F2E
o A #Aek AT USIEFES=RY A6d
A2% pp.1-15.

oltel, 79(1995) Tkl Th2A HAs el €% £
patzEe] P4AH4s} Uistesss=gy 159
A23 pp.389-399.

olftd, $71M(1992) 3 E&7Hel ot HHEH XA
22| d4FAo A3AT UteRESl =Ry A2
A A3Z pp.39-55.

o], o]ZE}(1990) 37 ¢ 1ARESF MRS 19
g gmEes s B YAHAs] B3 A7 digle
2813l =2% A10¥ A2% pp.23-38.

o]+, ol (1991) thtA B3} 7fel| ot Eeol~
FAREC AP B A7 sEATxE X
Vol.3 No.2 pp.20.

o], UHE(1991) E el ot HHEH: F2E
o] g4 HAzld] A3} AT CHEESESI=RY A1
2% pp.h5H-68.

o], FFE(1996) Fuzzyol &% o] 8¢ UEATFE 2t
Eg|a7zEe 4523 Usiesssl=gy Aled
62 pp.705-713.

o], #2%(1993) FASH APIME ol4F HHEH
29 A Halol| e A HEEFSSE| =% All3

A A2%, pp.73~84.

Arora, J. S. and Haug. S. H.(1990) Arch Shape
Optimization using Force Approximation Method,
Structural Optimization Journal, Vol. 2, pp.193~
201.

Arora, J. S. and Haug, S. H.(1979) Method of Design
Sensitivity Analysis in Structural Optimization,
AIAA J., Vol. 17, Sep. pp.970~974.

Fadel, G. M., Riley, M. F.. and Barthelemy, J.M.
(1990) Two point exponentialapproximation method
for structural optimization. Struct. Optim, Vol.Z,
pp. 117-124.

Felix, J. and Vanderplasts, G. N.(1987) Configuration

Optimization of Trusses Subject to Strength,
Displacement, and Frequency Constraint. J.Mechanics,
Transmissions and Automation in Design, ASME,
Vol.109 No.2 pp.233-241.

Fleury, C. V.(1986)
optimization: a new dual method using mixed
vatiable, Int. Num. Meth. Engng., Vol.23, pp.409
-28.

Haug, S. H. and Arora, J. S.(1978) Design Sensitivity
Analysis of Elastic Mechanical System, Comput.
Meth. Appl. Mech. Eng.. Vol. 15, pp.35~62.

Hansen, S.R. and Vanderplaats, G.N.(1988) An
Approximation Method for Configuration Optimization
of Trusses, Proceedings AIAA/ ASME/ASCE/AHS
29th Structures, Structural Dynamics and Materials
Jonference.

Kirch,U.(1975) Multilevel Approach to Optimum
Structural Design, J.Structural Division, ASCE,
Vol.101.,ST4.

Kirch,U.(1981) Oprimum Structure Design, Concepts,
Methods, and Applications, McGraw-Hill Book
Company, New York.

Noor, A. K. and Lowder, H. E.(1975) Structural reanalysis
via mixed method, Comput. Struct, Vol.5, pp.9-12.

Pederson, P.(1971) On the Minimum Mass Layout of

AGARD  Symposium on
Optimization, Istanbul, Turkey.

Reinschmidt, K.F. and Russell, M.D.(1970) Linear
Methods in Structural Optimization, The Department
of Civil Engineering, Massachusetts Institute of
Technology, Research Report R71-41, July.

Schmit, L.A. and Farshi, B.(1974) Some approximation
concepts results in a higher- approximation
synthesis, AIAA, Vol.12, No.5, pp.692-699.

Storaasli, 0.0. and Sobieszczanski-Sobicski, J.(1974)
On the accuracy of the Taylor approximation for
structure resizing, AIAA, Vol.12, pp.231-233.

Tien-Tung, Chung. and Chyon-Huey, Chiou.(2000)
Self-adjusted convex approximation method for

and Braibant. Structural

Trusses, Structural

structural optimization. Department of Mechanical
Engineering National Talwan University, Taipei
10617, Taiwan, ROC.

Wang, L.P. and Grandhi, R.V.(1995) Improved
axats =27 M16H 158 683) 2004 28 133



ol
rie

Qloi% - 2wk 0|7

e

I'

two-point function approximations for design
optimization, AIAA, Vol.33, pp.1720-1727.

Wang, L.P., Grandhi, R.V. and Canfield, R.A.(1996)
Multivariate Hermite approximations for design
optimization, Int. J. Num. Meth. Engng Vol.39,

pp. 787-803.

I

Zhang, W.H. and Fleucy, C.(1997) A modification of

convex approximation methods for structural
optimization, Comput. Struct., Vol.64(1-4),
pp.89-95.

(Bt 0 2003, 11. 5/ AAk 2003. 11. 21/
AAtzY 2004, 2. 2)

134 st=z7=xsts) =27 H163 15(EA 683) 2004 2%



