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Accuracy Evaluation of Local Solutions Using A Convex Relaxation
for Minimum Steel Weight Design Problem Subject to Collapse Load

OMakoto YAMAKAWA *' Koji UETANI*?
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Horizontal load-carrying capacity of steel moment resisting frames is one of the most important mechanical
performances required in the practical design. The horizontal load-carrying capacity, i.e., the collapse load is evalu-
ated by the plastic analysis. A minimum weight design problem of steel frames subject to the collapse load becomes
nonconvex problem. In nonconvex problems, we can usually find only local solutions. It is highly difficult to find a
global solution of nonconvex problems if we cannot use any structure of the problems. In practical situations, we
might not need the exact global solution but it is better to avoid inferior local solutions. A cheap solution which is
approximately close to the exact global solution is highly desired. For this purpose, we present a relaxed convexifi-
cation of a minimum weight design problem for fishbone models, which can be considered as a simplification of
steel moment resisting frames without loss of essentials. By using the relaxed convixification formulation, we can
find a relaxed solution which is lower bound of the exact global solutions. Hence, the accuracy of any local solu-
tions is measured by the difference between the local solution and the relaxed solution. From the difference, we can
verify whether a local solution is close to the exact global solution. The convexification method is based on lineari-
zation and reduction of the design space without removing the original feasible space. The method is not quite new
but the application of the method to minimum weight design problems of fishbone models subject to the collapse
load is new. We present effectiveness of the method through two numerical examples. The examples also illustrate
how the method works and what corresponds to the formulation.
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