E w20

Optimum Design of Reinforced Concrete Framed Structures
by Multilevel Decomposition
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ABSTRACT

Since reinforced concrete framed structures consist of various design variables, the objective and the
constraint functions are usually complicated. In order to avoid this difficulty, decomposition methods have
been used by partitioning a whole structure into substructures. However, the suboptimization, in which
the member forces acting on the substructrues are invariant, requires reanalysis with updated stiffness
properties of substructures in an iterative manner. In this paper, a multilevel formulation consisting of
3 levels is adopted. Opfimizafion in substructure is performed to reflect the changes in stiffness and member
forces. The assembled structure is optimized while the substructure variables are optimized using sensitivity
information.

The sizing variables, reinforcement, and moment redistribution ratio are taken as design variables, and
a cost function is taken as the objective function. The stress and side constraints of the structures are
derived from ACI 318—83 for the ultimate strength design.

At level 1, elastic analysis is performed to get the upper and lower bounds of the redistijbuted design
moment which are due to inelasfic behavior of the frame. Then the sizing variales are optimized by the
SUMT at level 2. The design moment is taken as design variables and optimized at level 3. The optimization
of redistributed moments is performed using the design sensitivity obtained at the level 2, and force
approximation technique is used to reflect the variation of design variables in lower level to the upper
level. The design variables are selected in reduced numbers at each levels, and the optimizatior formulation
is quite simplified.

The developed algorithm is applied to a continuous beam, a one story two bay {rame, and a two story
one bay frame, and the results are compared with those in the literature. It is shown that the developed
algorithrn is effective and stable, Therefore. it is considered that the developed algorithm can be effectively
applied to reinforced concerte structures.
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