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Effect of excavation beneath a new subway station on the shaft
resistance of existing piles
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Abstract: During the construction of a new subway station beneath an existing operational tunnel, the shaft
resistance of existing piles induced by excavation may decrease, and thus affect the bearing capacity of the piles.

Currently, the theory of computing the shaft resistance for existing piles induced by excavation is not clear.

Yo#s B #A:2023-10-23

EE TR [FHRK A KRR35 (52278395 .52078061)

YEE B A5 B(1980- ), 55 , & G TREI, 22 A S Bk TR At e i 5%, E-mail : 11815476@qq.com.
HRGEGES) B, #8487, W+ 36, E-mail : hicsust@csust.edu.cn,

Received: 2023-10-23

Foundation items: National Natural Science Foundation of China (Nos. 52278395, 52078061)

Author brief: YUAN Chuanxu(1980- ), senior engineer, main research interest: subway engineering construction, E-mail:
11815476(@qq.com.

HUANG Fu (corresponding author) , professor, doctorial supervisor, E-mail: hfcsust@csust.edu.cn.



%2 T, A Mgk F 3k R R T AR AT B AR AR TR A 4 % e 141

Taking Shenzhen Metro Line 13 Gongming Square Station crossing the existing Line 6 project at zero distance
as a case study, a calculation formula of pile shaft resistance induced by excavation under existing buildings is
obtained by using the Mindlin stress solution. By comparison with the numerical simulation results, the
correctness of the Mindlin stress solution is proved. The influence of parameter changes on pile shaft resistance
and unloading stress is analyzed. The results show that: when the depth of excavation increases, the total pile
shaft resistance decreases, and the ratio of sidewall unloading stress to total unloading stress increases; when the
excavation area increases, the total pile shaft resistance increases, and the ratio of sidewall unloading stress to
total unloading stress decreases. Therefore, when the excavation depth is large, the excavation area is small, or
the shaft resistance of side piles is taken into consideration, the influence of the sidewall unloading stress must
be taken into account.

Keywords: subway station; layered excavation; pile shaft resistance; unloading stress; Mindlin’s stress solution
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Fig.1 Theoretical analysis model for excavation of new subway station beneath an existing tunnel
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Table 1 Soil layer distribution and physicao-mechanical parameters
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Fig.3 3D finite element model for layered excavation of

new subway station beneath an existing tunnel
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Fig. 4 Distribution diagram of pile shaft resistance using

different calculation methods at the excavation depth of 3 m
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Fig. 5 Distribution diagram of pile shaft resistance using

different calculation methods at the excavation depth of 8.5 m
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Table 2 Comparison of total pile shaft resistance using

different calculation methods under layered excavation
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Table 3 Total pile shaft resistance at different

excavation depths
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Table 4 Unloading stress induced by layered excavation

at different excavation depths
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Fig.8 Comparison of pile shaft resistance at different

excavation areas
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Table 5 Total pile shaft resistance at different

excavation areas
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Table 6 Unloading stress induced by layered excavation

at different excavation areas
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