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Abstract: The stability of excavation support under complex geological conditions directly impacts construction safety and
environmental protection. This study investigates a deep excavation project using numerical simulations to analyze the
deformation patterns, the sensitivity of geological parameters on support performance, and the effectiveness of optimized designs
under extreme and long—term conditions. Results indicate that, under static conditions, the maximum horizontal displacement of
the excavation is 0. 68 ¢cm, and the settlement is 1. 23 em, primarily concentrated at the top and middle regions. Under extreme
conditions such as heavy rainfall and seismic events, the optimized support scheme limits the maximum horizontal displacement to
0.87 cm and 1. 05 cm, respectively, within safe design thresholds. Long—term performance predictions show that over a 50—year
lifespan, the maximum horizontal displacement and settlement increase to 1.58 c¢m and 2.75 cm, respectively. This study
provides theoretical guidance for optimizing deep excavation support systems under complex geological conditions and offers
valuable insights for stability assessments under extreme and long—term operational conditions.
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Table 1 Physical and mechanical parameters of main soil layers
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Fig.1 Time-dependent deformation of the foundation pit
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Fig.2 Influence of geological parameters on foundation
pit deformation
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Fig.3 Deformation under different support schemes
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Fig. 4 Deformation under extreme loading conditions
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Fig. 5 Dynamic stability of the optimized scheme
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