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Multi-objective optimization modeling and solution methods for
deformation control design of pit support structures
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Abstract: In urban construction, the safety and economic efficiency of pit excavation projects are crucial.
Traditional pit support structure design methods typically rely on conservative strategies and focus primarily on

strength control, which leads to inefficiencies in precise deformation control and fails to meet the complex
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demands of modern urban construction. To address these issues, this paper introduces a new reverse-design
multi-objective optimization model that integrates deformation control with economic efficiency, aimed at
enhancing the effectiveness and cost-effectiveness of pit support structure designs. The model includes a
bilaterally coupled deformation calculation model for pit supports, a multi-objective framework that integrates
deformation control and cost optimization, and a solution strategy based on metaheuristic algorithms.
Comparative analysis with four types of metaheuristic algorithms, along with in-depth case studies of actual
engineering projects, demonstrates that this method not only effectively achieves precise deformation control but

also optimizes cost efficiency. Notably, the semi-empirical and semi-random heuristic algorithms demonstrate

superior efficiency and versatility in addressing complex optimization challenges.

Keywords: multi-objective optimization model;

algorithm; foundation pit; retaining structure
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Table 1 2D calculation model calculation parameter table
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Table 2 Calculation of construction costs of structural

materials
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Fig. 2 Flow chart of reverse design of foundation pit

retaining structure
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Fig.3 Foundation pit envelope structure model

calculation schematic
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Table 3 Geological soil layer parameter table
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Table 4 Material parameter table of foundation pit

enclosure structure
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Table 5 Environment parameter value table of

foundation pit engineering
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Table 6 Value model of design parameters of foundation

pit retaining structure
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Fig.4 Comparison diagram between field measurement

data and theoretical algorithm verification
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Table 7 Comparison of computational performance of different heuristic algorithms

F (GRS WeSR AR R PR BORG d KfE RELRLS W S TR] /s -1 S YCH IR ] /s
1 PSO 18 14. 996 465 720 19670. 3 27.32
2 GA 9 14. 958 992 36 450 12 245.2 27.21
3 SA 7 14.997 746 37 350 9420.5 26.92
4 Cuckoo 6 14.985 229 17 240 6485.9 27.02
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Fig. 5 Comparison curves of fitness results calculated by

different heuristic algorithms
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Table 8 Economic comparison of design scheme of

foundation pit retaining structure
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