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A Hierarchical Approach for Design Analysis
and Optimization of Framed Structures
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ABSTRACT : Substructuring-based hierarchical approach for design analysis
and optimization of structural frames is presented in this study. The
conceptual framework of this method is in the hierarchical modeling for
design processes as well as structural systems and the methodology
combining substructuring analysis and multilevel optimization. Mathematical
models for analysis and synthesis are established on the common basis of
substructuring systems. Modularized behavioral analysis, design sensitivity
analysis and optimization are linked and integrated on the mathematical
and structural basis of substructuring. Substructures are coordinated with
the active constraints for system level and the weight ratio criteria.
Numerical examples for test frames show the-validity and effectiveness of
the present approach.
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AAFA e dAZzAE WEste H49 A
AE Fe Hgoln, F&§A FANA F2HH3
v BAEEE TF AAAQA AN F§ dag
F9 g Aoz FYse A7 Zgelrt,
a2y oy A"l AFg, 2RE FYgshe Al
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o] FatHoz HA3Z st= WPo] LHRE ol
(Kirsch ¥, 1972)%, 70dw) Futo] ojz28] &
< ihge]l EEEHIJY, HAFE@WY(linear
method)# HAHANNZ
(optimum design sensitivity) B FHA|F=
Z(cumulative constraints) & =& oA
23 A 32 A (multidisciplinary optimization
problem)®7} Thfo1H o7 (Sobieski . 1982,
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A7IAM, yer MEBAIZEE Fojsle AAWS
ol g ABAIAHY Aejo] B3 Azl
I, Gly)e Alzddde gdzgzdez i,
9 oy, JE A FZRALY F ol

4 (41)€ ZH BFRE0) g3 F3u] FFo)
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a8 1. Twenty-five member frame

odF3 Uk 1, 4, 5, 6, 12, 15, 19 2 22W
HAEL 1 RFFFelxm 2, 7. 8, 13, 16,
17, 20, 23 ¥ 249 RHAEL 28 HEFF4
&3 =3 3W EFEE 3, 9,.10, 11, 14,
18, 21 ¥ 25¥ RAEz FAHAD. 19 2
AN HoAFe uvieh o] & e dFzEUo]
Aoy 3 2 FIXFY AR +
0.5in°|t}.

Volume x 10*

Iteration number

8 2. lteration history for twenty-five member frame

o] diAlolA 8] WHE AL AX doja
A2 AHL 73.575in’clt. 2@V HH
TEHE HAAFRA HEsd Had e
78,194 in’elth. AlzdgAlel €A Agzde
EEETY F T g oy MBAIA
Al e 28 B7ze] 7, 17, 23, € 249
A, 34 REFxe 18 FAS dig 58 A
2P, a8ln 7 B3zd 99 S JF
ol EAoz Jeiwrt E 1& AsdnE Jehy
9, ¥ 2% ¥EI S i BEdeee] WiltE
HejZm ot

E 1. 25-78 =g 2=

Substructure| Elements .| Final Value | Substructure | Elements Final Value
No. No. |D-V No. (in?) No. No. D. V. No. (in?
6298 2 1 27.2544
411 .‘12 % 2421?0 7 2 35.1156
5 3 5.00474 8 3 37.9543
: 13 4 23.8582
6 4 5.00000
1 2 16 5 47.3620
12 5 24.8376
17 6 45.6075
15 6 31.9913
20 7 17.1703
19 7 20.4039
23 8 60.9199
22 8 39.7471 24 9 52.7022
3 1 27.0681 Starting design(in®) 100
11 2 27.5370 ;
9 3 5.54720 Initial volume (in®) 266,569
10 4 5.00000 - -
3 14 5 24,8736 Minimum volume (in®) 73,575
18 6 37.6995 .
21 7 19.8867 . ) 035 = 22.541 ksi
25 8 47.8247 Critical behavior -
: 85,=10.17894 in

H123 1% 200064 29



4.2. 70-¥8 =g 7=

a¥ 38 d3d 9~12, 17~20, 24~27 %
32~35% E¥3d 579 Fvz2 749 34
 1032Ye #2& EAF1 U 1~14,
15~28, 29~42, 43~56. R 57~709 FAE
ol &4zt 1, 2, 3, 4 ¥ 5¥ ¥FxER FAHA

o, AA¥s didle neskA] gett o] gy
€ I¥ 39M HAFa e ANE ¥ M
ZFZ70¢ AHeslglen, 2E AN x9 vt
ko] WAL 1.5in2 A3}

o] =< HHHAE= B 20 FoHT}. o
A49 H4& AHL 6w ¥WE B3y AA
341,513in°2 FolAT. 2L =do] sty H

¥ 2. Results for seventy member frame(" D.V. No. : Design variable number)

Substructure | Elements . | Final Value | Substructure | Elements . Final Value
No. No. D. V No. (in®) No. No. D. V. No. (in®)

1 1 37.2191 43 1 45.2061
2 2 32.4827 44 2 46.4215
3 3 5.00000 45 3 44.2010
4 4 5.00000 46 4 97.2948
5 5 44,2651 47 5 475573
6 6 36.0816 48 6 47.0526

1 7 7 5.00000 4 49 7 100.000
8 8 5.13098 50 8 47.2443
9 9 61.0688 51 9 48,0188
10 10 22.4790 52 10 45,6591
11 11 5.00000 53 11 100.000
12 12 44.1494 54 12 48.5974
13 13 53.9283 55 13 49.7891
14 14 23.2481 56 14 100.000
15 1 45.6870 57 1 47.9638
16 2 5.00000 58 2 47.3513
17 3 52.8272 59 3 46.2583
18 4 43.5030 60 4 100.000
19 5 30.3431 61 5 48.7990
20 6 379126 62 6 48.0005

2 21 7 44,0880 5 63 7 100.000
22 8 43.2700 64 8 445773
23 9 43.3910 65 9 43.4991
24 10 43.9220 66 10 45,9202
25 11 43.8611 67 11 100.000
26 12 444175 68 12 44.4147
27 13 43.9447 69 13 43.9188
28 14 50.8802 70 14 100.000
29 1 43.8900 .
30 2 448076 Starting 100 in?
31 3 43.8048 design(in®)
32 4 60.3641
33 5 44.0328 "
34 6 44.4565 Initial 700,000 in
35 7 67.1152 volume(m )

3 36 8 44.0631 i
37 9 44.3671 nimum .3
38 10 44.2002 volume(in®) 341513 in
39 11 78.2461 .
40 12 45.6049 O = 22.303 ksi
41 13 44.7203 Critical behavior )
42 14 846139 81, =1.500 in

100 IRUT =2
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a3 3. Seventy member frame

Volume x 10 5

lteration number

% 4. lteration history for seventy member frame
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