THRIFHEET - 5$07% - 50441 - 2025 £ 04 A DOT: https://doi.org/10.12349/edc.v7i4.5499
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Abstract

Traditional building structure design has bottlenecks such as low efficiency and resource waste. This study proposes an intelligent
performance-driven optimization method. Variable density method and level set theory are used to establish the topology optimization
framework, and the finite element simulation technology is combined to complete the rapid iteration of structure and morphology,
and the lightweight goal is realized through the coordinated adjustment of material density gradient and geometric boundary. Genetic
algorithm and parametric modeling tools are introduced to develop a geometry-material collaborative optimization strategy under
multi-objective constraints to dynamically balance the seismic performance, wind resistance requirements and resource efficiency.
The actual engineering case shows that after the frame-shear wall system, the number of redundant components is reduced, the
material consumption decreases and the standard index meets; the large span truss node adopts the topology optimization scheme,
the stress distribution tends to be uniform, the proportion of prefabricated components increases, and the construction process
is simplified. The results show that the intelligent algorithm has engineering applicability in multi-objective optimization, but
computing time consuming and cross-professional collaboration are still technical difficulties. In the future, the integrated application
of Al lightweight model and BIM platform will be deepened to promote the automation and upgrade of the design process.
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