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Fig.7 Design space of Simple Span
Girder shown in Fig.6

Determination of I, and I,
(Design Variables = L, I, only)
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Fig.8 Successive Improvements of
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Table 2 Determination of Optimum Solution
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MINIMUM COST DESIGN OF HIGHWAY PLATE GIRDERS
BY AN INTEGRATED OPTIMIZATION APPROACH

SADAJI OHKUBO* MASATO ISHIHARA#**

The complexities and difficulties encountered in realistic large scale struc-
tural optimization problems are caused mainly by the various characteristic and
a large number of design variables and constraints involved in the structural
systems. Especially in the problems in which the rigidity requirements play an
important part in the decisions of optimum solutions, it has been pointed out
that the optimization approaches developed by using mathematical programming
algorithms compel a large increase in the number of analysis iterations to decide
the optimum solutions with increase in the number of design variables and con-
straints then tend to become costly and to decrease reliability and accuracy.

In this paper an integrated optimization approach is presented for the minimum
cost design problems of highway plate girders in which the optimum solutions are
directly affected by displacement requirements.

The girder problems are simplified first by using the suboptimization of
girder sections% and the design method is developed on the bases of following
design processes.

Determination of Optimum I The optimum moment of inertia I, length £, and
steel type S to be used for each girder segment for all of the constraints except
displacement requirement are determined by minimizing area of the cost diagram of
girder in the graphical optimization process proposed by the author previously &
and I for equality displacement constraint §=d8a is calculated directly by the
recursion formula which is derived using the optimality criterion for &=da .

The final optimum I are then determined by using "envelope method" which is a
simplified approximate algorithm to the rigorous optimality.

Determination of Optimum ¢ For the decision of optimum segment length £ for
§ =84 requirement a recursion formula is also derived in this paper by use of the
necessary conditions of Lagrange function. The values of I and ¢ are affected
each other in their formulas several redesign iterations are then needed to reach
a converged solution but the computational efforts are quite small compare with
mathematical programming algorithms.

Determination of Optimum S The design spaces on I and £ are changed dis-
cretely among the combinations of steel types used for the girder segments, and
consequently comparisons of the minimum total costs in the design spaces should
be made to determine the global optimum S. In the proposed design approach the
search of S is started from the optimum S obtained by the graphical optimization
process and by using "Univariate algorithm" S in each segment is attempted to
improve to the weaker steel type separately, where the optimum I, £ and minimum
total cost in the new design space are decided by the above-mentioned design
processes. The improvements of S is continued until global optimum S is obtained.

The design approach presented herein is obviously an approximate optimization
method and further inspections for large scale problems still remain. However,
the simple numerical examples show that the convergency to the global or local
optimum solutions are quite well and computational efforts needed are extremely
small and the fact clarify the effectiveness and practicality of the proposed
design method.

* Department of Civil Engineering, Ehime University
**% Graduate Student, Department of Civil Engineering, Ehime University
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