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A Structural Optimization Methodology Using the Independence Axiom
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Abstract

The Design Axioms provide a general framework for design methodologies.
framework has been successfully applied to various design tasks.

The axiomatic design
Howe ver, the axiomatic design has been

rarely utilized in the detailed design process of structures where the optimization technology is generally

carried out.

The relationship between the axiomatic design and the optimization is investigated and Logical
Decomposition method is developed for a systematic structural optimization.
process is decomposed to satisfy the Independence Axiom.

The entire optimization
In the decomposition process, design variables

are grouped according to sensitivities. The sensitivit ies are evaluated by the Analysis of Variance(ANOVA) to
avoid considering only local values. The developed method is verified through examples such as the twenty -
five members transmission tower and the two -bay-six-story frame.
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Table 1 Verification methods of the independence axiom

Design equation Design result
'FRll (4, O O](DR FR, = 4, *DP,
U‘;Z‘;‘i‘;‘fd FR,t=| O 4, O |{DP FR, = A,,*DP,
FR, L O O A4,|| DR FR, = 4,*DP,
FR)| [4, O O1(DP FR = 4,*DFR,
D led :
Z(Z;‘ilgne FR, 4, 4, O |{DPR FR, = 4, * DR + 4, * DP,
FR, |4, 4, Ay || DR FRy = 4,,* DR, + 4;,,* DP, + 4;; * DF,
FR, _An 4, A4,||DAR FR, =4, * DR + 4, * DP, + 4, * D,
Cd(:;?g}id FR, 4, 4, A4, |{DP FR, = 4, * DR + 4,,* DP, + 4,,* D,
FRz, LA31 4, A4y | (DR FR, = A,,* DR + 4, * DP, + 4,;* DF,
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3.4 ZFd|94d M A (Nearly-Uncoupled design)
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ozl A3 EAY FYL v Eo
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24 =0 34)
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{The condition to find the minimum of fl} _ {x O:Hxl}
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9y 37
ox 637
% _ 0 . (38)
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-
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2 ZFRE ¥ fiol dig x o 9¥H @
A3l 00 ohm, g fiol A x, o FFHo
A3 0 o o7 HEolth F, %=09] Z
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Ao2RE @& AFFH (x,x)d x 7t x,9

%,

e

4% e 5 9len, ~2=09 zhozrH
Ox,

de A8 (x,x)9d x7t x,9FE LS &
A7) ol olst T EAYE FHas 9
o B8 fYs B3 4AE FYPDL W 59
o e AAZt 448 £AL [Ax A A
AE W ol wE F3Pe FHPe g
EE o83t Fig. 2ol =AISH.

o %4

o7 2
Start
Solve & =0 for x;
0Ox,
Solve hlxox) 0 for x;
ox,
Solve Ynixm) forx; .,
. 0Ox, ’
le
5
Ay (X, s %5 .
Solve M= 0 for X5 e i
Ox, -
o (x,,x, .
Solve LS =0 for x,., .
0ox, -

Stop J
Fig.2  The flow of finding solution in the nearly
uncoupled design
4. T 2HH HAE fle SEH
M W Eo

4.1 =2|X £l (Logical decomposition)

uge] FHol osf ujdg AA FA &y
A AA EAU AFew FEy A B
g% HH AAZ 7ttt ol Zel, F+x A4
FAE gAY e £HE4 AA AR e
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ol tigk dA W] AA RRERA A%
t}h Fig. 3 & =83 #39 sFelch

Fig. 3 oA & 5 3l%ol, Bod AHA &4
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oot AA WzRE AREAN 77 97REe )
d& A'd A F 3 (sum of squares)= o]-£ 3T} 5
T E wEste AA $R8AE A FAE 54
£ Ad AA EFES Y] JdeE F= 2
F3Hgrouping)Z FAT. dAY AAFE AX F
of =8 F/t BEEHe A WAL FAEX
£3dd g =3 oA oA A ¥
FE AAY dAZ Bol7kA UA =g 4 R

St
Problem
definition

Classify design variables
for the Logical Decomposition

v

Calculation of the sum of squares
with selected design variables

!

Grouping design variables
and construct design equation

a

:

Satisfy
Independence Axiom ?

Fig.3 The flow of the Logical Decomposition
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42 9z &N
2 (DA & 49 {FRs} 9 AA @<

Ateld) {DPs} 2AE drjste 44 3Y [d]=

A4 ol it AA W] A URER
A, gty oz FZ HHE HANA ofnst
= A7 Uz E(design sensitivity)® B =}
22 ubg-A(response)e] A W] I F8HA
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UAE FREA O] &Y AFFL Ao 7
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sum of squares = Z (17, ~m)* (39)

A @399 n,E iHA AA Aol ¥ 54
Z](characteristic value)E 7|3}, m & AA HF,
ke A% 35 gugth AEgd Ade 9
3 A w)<dE(orthogonal array)E ©] &3t} A7
Mo &% £ 4 AT HPEHE A E
ol A== & (upper limit)3 3 3H(lower limit)
$ 71Ee AP An wdE 4PN FE
9 & F H A A5 g A8 AFTEY
A#psb wAEdE & ok

4.3 SXiet Fctst
=2 EddA AA EHd ¢ A ¥
ol AgHLe AFYY oz HAAT oy 7

ek A dA wAEHL

IR 72 AA EACA &8
2 AA e 44 549 A= 227 o
otk oAl ZEAM ATl AF3] 0 I FH
ek AA M9 BAE T2 HAH AA 4
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A7 FEoe F 7HA FYE 7Nteg o8 F
Z(corollary) 53 @l (theorem)E 0] EA|3te] A&
A AFES Fogg

A 8 A2 S¥AH} I (Independence and
Tolerance)™”

AL INE T Bee 4e nEed
W 2 AAE 894 AdACID(A design is an
uncoupled design when the designer specified tolerance
is satisfy the following equation.)

Z ( OFR, JADP, < tolerance (40)
J#i aD PI

Jj=1

A @40y 9499 BH Fo dgEe A
g AL Unx] A dE9 W3l i
A7 FFe] Wlojd. $9] Azl A G
HA 42 A W9 7 87 hE 93
A7V AAAY AYF Faky 99 gke] glokd
dgo] A3 oim ok o] A Py
o] vjg|z} Q4 F0| 0 9] ollstx AARII} A
g Yol FA HEX Hel Howd o o2 7
gobe AL ouldith a8y, AAIRY] B
HAIE Fab sHAle] & waEE Aolx|, Ut
stel A BHAle EAFA e B dTelA
T =213 EEE 3 A4 FEL FA F g
ARE 4L Y3t dddez FL 779
DA E AAR AR Fabe 99 ¢t o
H F¥gge] AF Qv Fsle dA FES
T4 %k},

AA FEA o)Al AAl(ideal design) 7l

TH 87(FRs) 9 AA MFOPs)] F7F 4

AsEA 7157 a7 2YNS uAT £ U
ArAolth WY A5H el b AA we
Sol vls) How o YAE Fold s 87T
g UEY 5 govw Uz J15H a7 4u
o AA dee] 7 gow #e) A (redundant
design)”t HAY A4 Al (coupled design)”t BT
ueix AAE F3E dele 7158 279 44
W)l 7 23 dA gHo] vidd A4
(uncoupled design)el He§7h EHojof Fr} o]0
A 4 A o]l Aotk ey, kAl
TE HH AANA st BF o HLHE
BA M s i oldelth AR AAL o
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Fig. 4 25-member transmission tower
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Table 2 Levels of design variables for Logical Decomposition (25-member transmission tower) — unit mm

Level 1 Level 2 Level 3
Al 2.5 2.0 1.5
A2 2.0 1.0 0.5
A3 2.5 2.0 1.5
Z3 -140.0 0.0 200.0
Z4 -140.0 0.0 200.0
zZ5 -140.0 0.0 200.0
76 -140.0 0.0 200.0
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Fig. 5 Relative sum of squares for the mass response of
25-member transmission tower

A, 2@ A3 E 14, 15, 16, 17, 18, 19, 20, 21,
22,23,24,25 ¥ FA @@t FRHUFE 3,
4,56 49 243 AF AA Hgolth

AA gEE& A% 98 gz FEA A
T AT AFse AMe A8 AFAE
Hol A ALEEE AW EEE o8 AHEE
Am MIEE 3 £ L] olm, #238 44
WMo X AFHE AA i Fod 4
3 &3-S HEdd. FEd A4 b5d 34
Table 2 ¢} ZT}.

A wEdEe] 4¥g A8 18 HY /¢ 2
Aol FYPdEk HFIF 8k HAE 4
GENESIS ver. 5.0 ©] AH8-9t® AFde e
Fig. 5,6 % ZTh Fig. 59 69 AFHL 4A #HsE
onjslm, F&L HFAH AFi(elative sum of
squares)?] A7]o|th AdH AFFS 7 & Al
Fgoz oA AFEL A7 3Hnormalization)

e

IR

Fig. 6 Relative sum of squares for the displacement
response of 25-member transmission tower

Table 3 Group design variables of 25-member

transmission tower
Group Design Variable Design variable
TDP1 Al, A2, A3
TDP2 Z3,74,75,76

goz Expdgolny. AuA AFdEe HdS Z
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9aE Al A2, A3V} 9ol 2, 2 dHe
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2 A= Table 3 34 2ol
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min. mass | O || TDP1
min. displacement 1o x||TDP2
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to minimize mass (43)

subject to o<0o 44
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Table 4 Results of the design for 25-member
transmission tower

Mass(kg) Displacement(cm)

Initial 2.062E+03 1.822E+00
response

1% iteration 1.630E+03 1.738+00

2 jteration | 1.653E+03 1.737+00

3" teration | 1.653E+03 1.737+00

Optimized | (o3p .03 1.737+00
response
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Fig. 7 Two-bay, six-story frame
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Table 6 Group design variables of two-bay, six-story

frame

Group Design Variable Design variable
SDP1 Y1
SDP2 Y4,Y7,Y10,Y13,Y16

{ min. mass

_|x O} SDP1
min. displacement “lo x||SDP2

WEt Am WGEE AA A5 6 AHolm 3 5 48)
Table 5 Levels of design variables for Logical Decomposition(two-bay, six story frame) — unit mm
Level 1 Level 2 Level 3

Y1 2.5 2.0 15

Y4 2.0 1.0 0.5

Y7 2.5 2.0 1.5
Y10 -140.0 0.0 200.0
Y13 -140.0 0.0 200.0
Y16 -140.0 0.0 200.0
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Table 7 Results of the design of two-bay, six-story frame
Mass Displacement
Initjal 7.836E+03 6.205E+00
response
1%iteration | 7.828E+03 5.850+00
2" iteration | 7.817E+03 5.800+00
3%iteration | 7.622E+03 5.760+00
4™ jteration | 7.622E+03 5.760+00
Optimized | - ¢ k103 5.760+00
Tresponse
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