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Abstract

The configuration optimization is a structural optimization method which includes the coordi-

nates of a structure as well as the sectional properties in the design variable set. Effective

reduction of the weight of discrete structures can be obtained by changing the geometry while

satisfying stress, Euler buckling, displacement, and frequency constraints, etc. However, the

nonlinearity due to the configuration variables may cause the difficulties of the convergence and

expensive computational cost. An efficient approximation method for the configuration optimiza-

tion has been developed to overcome the difficulties. The method approximates the constraint

functions based on the second-order Taylor series expansion with reciprocal design variables.

The Hessian matrix is approximated from the information on previous design points. The

developed algorithms are coded and the examples are solved.
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Case f(b) b
1 Stress of element 1 Area of element 1
2 y-Displacement on node 1 Area of element 1
3 Natural frequency Area of element 1
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6 Natural frequency x-Coordinate of node 3
7 Stress of element 2 Width of element 2
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12 Natural frequency x-Coordinate of node 3
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Table 4 Numerical data for eighteen-bar truss

Design variable linking

A1=A4=A8=A12:A16
Ar=As=Ap=An=Ay
A3=A7=A11=A15
A5=A9=A13=A17

Density 2770 .kg/m?

Young’s modulus 68.9 GPa

Allowable stress 137.8 MPa
" Buckling coefficient 4.

Loading data

Loading Node Load (kN)
condition
1 Py=—889.84
2 Py=-889.84
1 4 Py=-—-889.84
6 Py=-889.84
8 Py=—-889.84
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Table 5 Numerical data for one-bay-two-story structure

b1=b2=b5=bs
h1:h2=h5:hs
Design variable linking ti=t,=t;=ts
b3=b4, h3:h4, t;=t,
X= —X5, X3= — X4
Density 7856 kg/m?
Young’s modulus 206.7 GPa
Allowable stress 24.8 MPa

Allowable displacement

Xa=38 mm, y,=5.1 mm

Allowable frequency

0.746 Hz

Loading data

Loading Node Load
condition
2 Px=200.3 kN
' 3 Px=200.3 kN
2 Py=—267 kN, Mz=~271.3 kNm
) 3 Py=—267 kN, Mz=—271.3 kNm
4 Py=—267 kN, Mz=271.3 kNm
5 Py=—267 kN, Mz=271.3 kNm
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Table 62| 271319t Zo] Afuldot wlxw4e o} 42 Hae 7 Table 63 Fig. 173} zc}
Table 6 Results for eighteen-bar truss
Move limit Initial LIN REC CON FOR TQ
COST 2919.4 2047.33 2046.99 2046.85 2046.37 2046.61
A, 64.50 79.85 81.66 81.33 78.30 78.63
A, 139.64 116.62 117.33 117.20 116.04 116.16
As 80.62 31.54 31.54 31.41 31.67 31.54
A 45.60 25.15 21.74 22.32 27.15 26.64
X3 254.00 232.61 232.56 232.61 232.64 232.64
DV | vy 12.70 61.11 61.19 61.16 60.86 60.91
20% Xs 190.50 165.10 165.10 165.10 165.13 165.15
X5 12.70 51.31 51.64 51.61 51.08 51.16
Xz 127.00 106.58 106.53 106.55 106.53 106.55
X7 12.70 38.38 39.14 39.04 37.87 38.00
Xg 63.50 52.17 52.20 52.22 52.15 52.17
Yo 12.70 20.14 21.59 21.36 19.25 19.48
ITER - 10 12 10 11 11
FE - 10 12 10 11 11
COST 2043.87 2046.48 2051.30 2049.25 2046.68
A, 80.69 78.88 80.88 76.43 78.69
A, 116.94 116.23 116.42 115.33 116.23
A, 31.54 31.67 31.54 31.80 31.60
A 23.03 26.32 26.64 30.44 26.57
X3 232.61 232.61 232.74 232.61 232.56
DV | s 61.19 60.88 51.21 60.60 60.91
50% X5 165.10 165.10 165.23 165.10 165.10
Vs 51.51 51.16 51.21 50.80 51.16
¥z 106.55 106.53 106.60 106.50 106.55
yz 38.89 38.07 38.05 37.03 38.05
Yo 52.20 52.15 52.20 52.07 52.17
Ys 21.11 19.63 19.48 17.81 19.56
ITER 9 9 9 9 9
FE 9 9 9 9 9
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Table 7 Results for one-bay-two-story structure with stress constraint
Move limit Initial LIN REC CON FOR TQ
COST 17.30 4.11 4.33 4.13 4.13 4.13
Wi 38.10 254.00 166.24 233.43 254.00 247.78
h, 76.20 464.24 400.81 510.26 469.72 481.61
ty 5.08 0.25 0.36 0.25 0.25 0.25
DV | w; 38.10 30.30 61.72 38.29 40.28 46.74
20% h, 76.20 368.20 299.90 333.48 347.40 335.51
ts 5.08 0.25 0.25 0.25 0.25 0.25
X2 304.80 203.20 175.01 203.63 202.36 202.26
X3 304.80 25.40 25.40 25.40 25.40 25.40
ITER - 17 17 19 15 18
FE - 17 17 19 15 18
COST 4.12 4.12 4.14 4.14 4.13 4.13
Wy 231.24 236.80 236.80 246.99 254.00
h, 512.85 504 .88 504.90 482.88 466.78
t 0.25 0.25 0.25 0.25 0.25
DV | ws 43.28 58.70 58.70 40.39 20.50
50% hs 343.18 314.60 314.66 347.80 389.97
ts 0.25 0.25 0.25 0.25 0.25
X2 203.71 202.34 202.34 202.74 204 .42
X3 25.40 25.40 25.40 25.40 25.40
ITER 17 20 20 7 15
FE 17 20 20 7 15
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Table 8 Results for one-bay-story structure with all constraints

Move limit Initial LIN REC CON FR TQ FQ

COST 17.30 6.42 6.52 6.52 6.51 6.50 6.41
wy 38.10 48.54 48.29 48.46 63.88 61.26 69.44
h, 76.20 152.48 152.48 152.48 201.50 208.00 166 .24

t 5.08 1.96 1.63 1.63 1.22 1.22 1.30

DV | w; | 38.10 39.01 41.61 41.61 46.10 44.32 67.84

20% hy 76.20 346.71 336.80 336.80 354.76 354.76 388.19
ts 5.08 0.33 0.33 0.33 0.25 0.30 0.25

X2 304.80 173.48 174.24 174.24 174.24 173.48 179.58
X3 304.80 25.40 25.40 25.40 26.16 28.70 25.40

ITER - 16 10 10 10 12 11
FE - 16 10 10 10 12 11
COST 6.41 6.40 6.40 6.45 6.43 6.45
w) 48.54 49.71 49.66 56.79 53.16 59.00
h, 152.48 144 .30 144.37 193.40 187.73 183.72
t) 1.96 1.63 1.65 1.17 1.37 1.35
DV | w, 39.01 48.34 48.41 51.99 51.49 94.20
50% hs 346.71 411.40 410.62 374.01 399.41 392.30
ts 0.33 0.25 0.25 0.25 0.25 0.25
X2 173.48 198.88 198.88 178.31 173.48 177.55
X3 25.40 25.40 25.40 25.91 28.45 25.91
ITER 14 11 11 10 9 8
FE 14 11 11 10 9 8
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