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Integrated Structural Design Operation by Process Decomposition and Parallelization
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Abstract

Distributed operation of overall structural design process, by which product optimization and process parallelization are
simultaneously implemented, is presented in this paper. The database-interacted hybrid method, which selectively takes the
accustomed procedure of the conventional method in the framework of the optimal design, is utilized here. The staged application of
design constraints reduces the computational burden for large complex optimization problems. Two kinds of numeric and graphic
processes are simultaneously implemented by concurrent engineering approach in the distributed environment of PC networks. The
former is based on finite element optimization method and the latter is represented by AutoCAD using AutoLISP programming
language. Numerical computation and database interaction on servers and graphic works on independent clients are communicated
through message passing. The numerical experiments for some steel truss models show the validity and usability of the method.
This study has sufficient adaptability and expandability, in that it is based on general methodologies and industry standard
platforms.

Keywords @ multilevel hybrid design, process decomposition and parallelization, database interaction,
concurrent engineering, design optimization, discrete standard sections
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Fig. 1 Sequential Design Cycle
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Table 1 Design Data for 10 Bar Cantilever Truss

Modulus of elasticity 1 206,840MPa
Allowable stress limit : 150MPa
Displacement limit : +£0.05m
Specific weight : 76,820N/m®
Upper limit on cross sectional area : 0.0645m?

Loading condition : 1
(1) -44,480N acting in y-direction at node point 4
(2) -44.480N acting in y-direction at node point 2
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TOTAL 2 T2AHxe] B HIyE B dojxe EHE A
CPU TIME 0.087s ’

E3tt. Table 4+ 3 W] AFEA BE 44 Z2A|2
casen | ooszs | oo 0.045¢ & S99 BACASE DI ZmAlz 24 w9y A9
TOTAL (CASE IDE vehd Aoloh,

CPU TIME 0.045s e Alel
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5.2 Two Hundred Bar Truss
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Table 6 Grouping Information for 200 Bar Truss

Grou Members numbers(k=0,1 & Notes ]
P §=0.1,2.3.4)
1 1tob Horizontal, top.
2 5+3j Verticals.
3 19 to 24 H'omzo.nta].
interior.
4 18+7k, 56+7k, 94+ 7k, 132+7k. Horizontal,
170+ 7k exterior.
5 26+3j Verticals.
6 6+k, 9+k, 12+k, 15+k, 27+k. Diagonals
30+k, 33+k, 36+k gonass.
7 39 to 42 Horizontals.
8 43+ 3j Verticals.
9 57 to 62 Horizontal,
interior.
10 64+3j Verticals.
1 44+k, 47+k, 50+k, 53+k, Diagonals
65+k, 68+k. 71+k. 74+k gonass.
12 77 to 80 Horizontals.
13 81+3j Verticals.
14 95 to 100 Horizontal.
interior.
15 102+3; Verticals.
16 82+k, 85+k, 88+k, 91+k, Di 1
103+k, 106+k, 109+k, 112+k 1agonals.
Fig. 8 200 Bar Truss 17 115 to 118 Horizontals.
Table 5 Design Data for 200 Bar Truss 18 119+3] Verticals.
Modulus of elasticity :206,840MPa 19 133 to 138 Hf”f"?‘tal‘
Allowable stress limit 'z 150MPa nterior.
Displacement limit '+ 0.0127m 20 140+3j Verticals.
“?Upe‘”fwiiwi‘gm + sectional IgﬁdiigNém oy | 120Kk 1234k 1264k 1294k |
pper limit on cross sectional area  :0. m 1414k, 144+, 147 +k. 150+Kk iagonals.
Loading condition © 1 .
444 .8 N acting in positive x-direction at nodal 22 153 to 156 Horizontals.
points 1,6.15,20,29,34,43,48.57.62,71 23 157+3; Verticals.
Loading condition : 2 Horizontal
4448 0 N acting in negative y-direction at nodal 24 171 to 176 interior '
points 1.2,3.4,5,6.8.10,12,14,15.16,17, .
18,19,20,22,24,...,71,72,73,74,75 25 178 +3j Verticals.
% 158+k, 161+k. 164+k, 167 +k, Diagonals
o) wnoE Faigon] WANGEAL ¥4 2007, 179+k, 182+k, 185+k, 188+k gonals.
Age] A4 15070, zela @iz 20070 7heAc), 27 191 to 194 Horizontals.
Table 6& 200 ¥4 Bz AMS JAFE, Ta- i
a A {2~9] A7 17 99 195 197, 198. 200 Inclined, at
ble 7& 2del l3zd @ 4AFEE Yehiz 9t base.
l;q' @74]7¥‘§‘ﬂ' '?‘7%% od‘éw:g‘laﬂ gy’}'}t‘:‘ Table 8°‘H H 29 196, 199 Verticals, at

oAtk BEGFF] HeA7Ie gtk S AoE U

base.
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Table 7 Design Data for 200 Bar Truss

Modulus of elasticity :206,840MPa

Yield stress 1250MPa
Displacement limit £ 0.0127m
Specific weight :76.820N/m*
Upper limit on cross sectional area  :0.0645m?
Lower limit on cross sectional area  :0.000065m?

Loading condition : 1
444 .8 N acting in positive x-direction at nodal
points 1,6,15,20,29,34,43,48,57,62.71
Loading condition : 2
4448.0 N acting in negative y-direction at nodal
points 1,2.3,4,5,6,8,10,12,14,15,16,17,
18,19,20,22,24,...,71,72,73,74,75

Table 8 Results of The Continuous Variable Optimization

Present Reference

Total

Weight (N) 16326.57

16542.49

Table 9 AISC Sections for 200 Bar Truss
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Table 10 CPU Time

METHOD I | METHOD II | METHOD III
CASE 1 76.35s 0.01s 80.45s
TOTAL
CPU TIME 156.81s
CASE 11 76.35s -~ 0.01s 80.45s
TOTAL
CPU TIME 80.45s

G;IZ“D Present | GADSS | SADSS | BBMDSS
1 W6x9 | Wexi5 | Wexls | W 6x15
2 W6x9 | W8x10 | W12x14 | W 6x15
3 W 6x9 W6x9 | W 10x12 | W 6x15
4 W6x9 | W 12x16 | W 10x12 | W 6x15
5 W6x9 | Wi12x14 | W69 | W 6x15
6 W6x9 | W6x12 | W 1626 | W 6x15
7 W6x9 | W6x15 | W12x26 | W 6x15
8 W 6x9 | W8x10 | W 14x22 | W 6x15
9 W6x9 | W8x10 | W8xl0 | W6xl5
10 W6x9 | W4ax13 | W 8x10 | W 6x15
11 W 6x9 W 6x9 | W 14x22 | W 6x15
12 W 6x9 | W8xI8 | W 14x22 | W 6x15
13 W6x9 | W4x13 | W12¢14 | W 6x15
14 W6x9 | Wex12 | W14x22 | W 6x15
15 W 10x12 | W 8x15 | W 12x16 | W 6x15
16 W6x9 | W8xi3 | W4x13 | W 6x15
17 W6x9 | W6x25 | W16x26 | W 6x15
18 Wax13 | W8x21 | W5x19 | W 8x28
19 W6x9 | W5x19 | W10x12 | W 6x15
20 W 6x15 | W 10x26 | W 10x22 | W 8x28
21 W6xg | wsxlo | wexls | wéxi5
22 W6x9 | W6x25 | W 12426 | W 6x15
23 W 5x19 | W 18x35 | W 12¢35 | W 8x40
%4 W6x9 | Wex12 | W6ex16 | W 8x24
25 W 8x21 | W 21x50 | W 18x35 | W 8x40
26 W6x9 | W8xl0 | W12x16 | W 6x15
27 W 10x12 | W6x25 | W8x18 | W 6x15
28 W 6x20 | W 10x54 | W 12x53 | W 6x25
29 W 12x30 | W 8x48 | W 16x57 | W 12%65

Total | 5:953 35 | 56686.78 | 67853.15 | 60850.32

Weight (N) : ' ‘ '
122 s=FMTARIEE =28 M213H H15(2008.2)
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Fig. 9 AutoCAD Presentation by AutolLISP in
Distributed Environments
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Fig. 10 Distributed Operation of Structural Design
Process by Process Parallelization
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