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ABSTRACT

Reinforced concrete structures account for a significant portion of construction
related embodied carbon, and material reduction at the design stage offers a direct
means of mitigation. This study presents a MATLAB implementation of multi material
topology optimization for RC structures. The code extends the 88 line topology
optimization framework of Andreassen et al. (2011) by incorporating the Material Ratio
Method of Gaganelis et al. (2022). Density and phase variables are optimized
simultaneously through principal stress decomposition, which distinguishes tensile
regions assigned to steel from compressive regions assigned to concrete. The code
applied to 6 representative RC scenarios including simply supported beams, an L-shape
cantilever, and an arch bridge, and stable phase separation was observed in all cases.
A vectorized implementation achieved a 42.8 times speedup with only 0.13 percent
compliance error.
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