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Deformation Characteristics and Influencing Stress Factors of Soil-Rock
Dual-media Deep Foundation Pit under Eccentric Loading Conditions :
A Case of Qingdao Metro Hudao Station

KONG Ling-rui', JIANG Jun-lin>, ZHAO Jian-feng’", AN Xiao-jun', LIANG Tian-jin'
(1. China Railway 23rd Bureau Group First Engineering Co. , Ltd. , Rizhao 276826, China;
2. School of Civil Engineering, Qingdao University of Technology, Qingdao 266520, China)

[ Abstract] Relying on a deep foundation pit project of a metro station in a dual soil-rock stratum, the deformation patterns of the
supporting structure and key sections of the foundation pit during different construction stages were obtained through on-site measured
data. Based on the presence of adjacent buildings, a 3D numerical model for dual soil-rock deep foundation pits was established. After
the excavation and dewatering construction of the deep foundation pit, the deformation and stress of the retaining structure on both the
side adjacent to and away from the buildings, surface subsidence, and changes in the axial force of the supports were analyzed. On this
basis, a sensitivity analysis was conducted on the influencing parameters of foundation pit deformation and stress, and the variation
patterns were summarized and fitted. The study results indicate that the excavation of dual-element deep foundation pits in soil and rock
exhibits significant spatial and temporal effects. In the time dimension, this is manifested as rapid development in the lateral
displacement of pile bodies and surface settlement in soil layers, while the development rate slows in rock layers. In the spatial
dimension, this is manifested as the corner effect of the pit. Changes in spacing and pile diameter essentially alter the overall stiffness
of the retaining structure and the magnitude of external soil and water pressure borne by an individual pile. When the pile diameter is
less than 1.0 m, the force sensitivity of deformation in the adjacent building side of the foundation pit significantly increases. The
properties of rock and soil masses vary greatly at the soil-rock interface in a dual soil-rock formation, where over-excavation, support
spacing, and changes in prestress are more pronounced. The research findings can provide valuable insights for similar soil-rock dual-
element deep foundation pit engineering projects.
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Fig. 2 Profile diagram of standard sections in the

foundation pit
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Fig. 4 Excavation dewatering schematic diagram
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Fig. 8 Final ground surface settlement of selected

monitoring points in the foundation pit
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