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Force and Deformation of Shield Tunnel under the Influence of
Pre-Dewatering in Adjacent Foundation Pit
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Abstract: To explore the stress and deformation characteristics of an existing tunnel caused by foundation pit dewatering, a
three-dimensional numerical model was established based on an actual project. Taking the maximum vertical displacement of
the tunnel as the evaluation index, an orthogonal table is used to screen the optimal combination and the main influencing factors.
Then, the main influencing factors are analyzed via univariate analysis to study the stress and deformation law of the tunnel.
The results of the range and variance analyses showed that the insertion depth of the diaphragm wall was the main factor affecting
the maximum vertical displacement of the tunnel outside the pit. Therefore, when a new foundation pit project adjacent to an
existing tunnel has a dewatering demand, this factor can be selected first to control tunnel deformation. As the insertion depth
of the diaphragm wall increases, the bending moment and deformation of the tunnel decrease. After the insertion depth of the
diaphragm wall reaches a soil layer with poor water permeability, the tunnel deformation decreases significantly. At this time,
the deformation of the tunnel can be effectively controlled; however, controlling the deformation of the tunnel by increasing

Wi HE: 2023-07-16  {&[EIHHR: 2023-12-27

E—1EE: TR, B, ¥+, 8RIEM, FTENFENTRSBETERSR, glx1392@163.com

E€UWEH: BERERABZESIE (52238009); STHEBARZE ST H (20224BAB214068, 20223BBG71018); ST A &AW 54 €lHT
#£(YC2021-5433); B EHEXBEERRHT E (2020HGKYB0O08)

SIRE: B2, ETY, 2R, & PEENTEKEBTREREZ N ERAI]. HHRAZE, 2024, 37(2): 99-106.
LUO Cheng, XIA Xueqin, ZENG Yunrong, et al. Force and deformation of shield tunnel under the influence of pre—dewatering
in adjacent foundation pit[J]. Urban rapid rail transit, 2024, 37(2): 99-106.

URBAN RAPID RAIL TRANSIT 99



ETHIRBIZE - F 37 F 28 2024 F 4 B

the insertion depth is of little significance. The dewatering causes the adjacent tunnel outside the pit to produce “horizontal
duck egg” settlement deformation toward the pit, obliquely downward, and the deformation of the tunnel vault and the side
arch waist of the adjacent foundation pit should be emphasized during the construction process.

Keywords: urban rail transit; shield tunnel; foundation pit dewatering; tunnel deformation; numerical simulation; orthogonal

analysis
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Figure 1 The diaphragm wall and surroundings
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Figure 2 Model building
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Table 1 Soil physical and mechanical parameters
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Table 2 Construction sequence

3 T 3R B 4 AR

%1 WA BRI AT

2% W 5 5y 5T

%3% BLA 18 56 T

% 4% F T

%59 AR -7 m(2 d)

%65 B 91 5T

#7% TEE S TAF 6 FHBRAEALINREREE-19m

2.2 1EBULGHE

NRAERER A AR AR S B, DU
AR RE ) S B, K S TR I 2 I e
MAZAE(E 2 T A SR BEDT 1) AR DT 2 o
MR YRR I 2 ) 7355 B FET S A SR BEAT 0 EE LI 3,

MIEf#/mm
00 -05 -10 -15 -20 -25 -30 -35

—=—
o IE

(a) TELENN

SR /m
0 10 20 30 40 50 60 70 80 90 100 110

—=— L
o i

Hih RGO E/mm
|

(b) HFRDLFF
K3 RREGE
Figure 3 Model validation
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Table 3 Statistics of numerical calculation results of
orthogonal tests
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Table 4 Results of the analysis of extremes of variance
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Table 5 Analysis of variance results
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Figure 5 Water table drawdown and pore pressure
changes in tunnel vaults
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Figure 6 Horizontal and vertical deformation
of tunnel cross-sections
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Figure 8 Horizontal and vertical displacements along
the longitudinal axis of the tunnel
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