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This paper presents a sequential hybrid approximate optimization (SHAO) algorithm suitable 

for structural design optimizations. With the existing trend of utilizing structural analysis 

processes as a seemingly ‘black box’ manner within the conventional SAO, this proposed 

SHAO breaks down the process and divide it into different stages: the time-consuming and 

hard-to-interpret FEA stage, as well as the well-assessed and easy-to-handle post-processing 

stage. The former is surrogated by field surrogate models and the latter is handled in a 

fundamental theoretical manner. This manipulation produces a hybrid model that enables the 

capture of more complex responses of the structural analysis process when compared to the 

‘black-box’ models. By using the hybrid model, the constraints and objective are predicted 

more accurately when compared to the standard ‘black-box’ surrogate models. Therefore, the 

efficacy and efficiency of the optimization process can be improved substantially. 

 

The proposed method was evaluated using two benchmark test cases: the 72-bar truss system 

and the 582-bar tower truss system. Compared with the result of the studies previously 

published, the SHAO algorithm yielded equivalent or much better objective values for the 

tested structural design optimization tasks. Additionally, the number of true function 

evaluations, required to find the same global optima, was significantly reduced by multiple 

orders of magnitude, which further highlights the applicability of the proposed SHAO 

algorithm towards engineering structural design optimization problems. 
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