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An Approximation Method for Configuration Optimization of Structures
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Abstract

The objective of this paper is to provide a method of optimizing are as of the members as
well as shape of both truss and arch structures.

The design process includes satisfaction of stress and Euler buckling stress constraints
for truss and combined stress constraints for arch structures. In order to reduce the number
of detailed finite element analysis, the Force Approximation Method is used. A finite
element analysis of the initial structure is performed and the gradients of the member end
forces are calculated with respect to the areas and nodal coordinates. The gradients are
used to form an approximate structural analysis based on first order Taylor series
expansions of the member end forces. Using move limits, a numerical optimizer minimizes
the volume of the structure with information from the approximate structural analysis. Nu-
merical examples are performed and compared with other methods to demonstrate the ef-
ficiency and reliability of the Force Approximation Method for shape optimization. It is
shown that the number of finite element analysis is greatly reduced and that it leads to a
highly efficient method of shape optimization of structures.
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