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OPTIMIZATION OF TRUSS STRUCTURES IN CONSIDERATION OF
GEOMETRICAL NONLINEARITY
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by Ichiro KOBAYASHI, Ryoji MIIKE and Yoshikazu YAMADA

In the optimal design of suspension bridges and long-span arch type bridges,
two nonlinearities must be considered : nonlinear structural analysis and non-
linear optimization. This paper alms to overcome these difficulties and also
to reduce the computational time. First, a matrix load-displacement equation
is shown for the finite deformation analysis of pin-jointed trusses on the basis
of the virtual large displacement theorem. Second, a two-level optimization
method is introduced. The allowable stress is maximized in the element-level
optimization subjected to the equality constraint of constant volume of any
member. In the structure-level optimization the total weight of structure is
minimized subjected to the equality constraints of load-displacement equation.
The proposed method is applied to the optimization of geometrically nonlinear
braced-lib arches.
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120es 280%F po0ee 4| -120.00 5149 | 1529 80 |-251.00| 9662 | 26.07 9.0 | 1.876
5| 425.00 | 163.30 | 33.88 11.7 | 464.00 | 17850 | 35.43 122 | 1.083
{ { L L 6 | -356.00 | 193.00 | 41.89 14.4 | -379.00 | 20063 [ 37.56 129 | 1.040
Weight(tf) : W, = 188.17 Wy = 194.67 Wy /Wi = 1.035
(b) case 2 cight(t!) L ' b /
(b) case 2
Linear Solution Nonlinear Solution
H no. | N(tf} | A(em?) | B{(em) |t (mm) | N(tf) | A (em?) | B{em)} | t (mm) | An/AL
Q
2
3 1 0.00 3427 | 13.03 80| 27.00 1437 | 13.03 8.0 1.000
2| 401.00 | 15423 | 3293 113 | 43600 | 16752 | 34.32 11.8 | 1.086
3 | -220.00 83.18 | 24.90 8.6 | -256.00 | 101.09 | 26.66 9.2] 1146
L 10x800 = 5360 I 4| -120.00 51.58 | 1532 8.0 | -211.00 8243 | 24.07 83| 1.589
- X i ! 5| 165.00 63.54 | 19.06 8.0 | 180.00 69.22 | 20.83 8.0 1.089
6|-140.00 | 100.20 | 26.54 9.1 | -147.00 | 103.21 | 26.94 93| 1.030
-9 4 18H b5 2 Weight(tf) : W, = 132.34, Wy =136.93 Wy /Wy = 1.031
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