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ABSTRACT

Reinforced concrete structures require material layouts that reflect the different
roles of concrete in compression and reinforcement in tension. This study implements a
stress-based multi-material Bi-directional Evolutionary Structural Optimization method in
MATLAB for tension—compression material layout design. The framework considers
three element states: tensile material, compressive material, and void. At each iteration,
finite element analysis is performed to calculate compliance, von Mises stress, and
principal stresses. The sign of the summed principal stresses is used to classify tension-
and compression-dominated regions, while a material utilization index based on stress
demand and allowable stress guides element retention and removal. Filtering and
history-averaging are applied to improve numerical stability. Numerical examples,
including cantilever and bridge-like models, show that the implemented framework can
generate rational load-transfer paths and physically interpretable material layouts for
preliminary RC design.
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