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Influencing Factors of Foundation Pit Excavation Adjacent to
Operating Metro Tunnel
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Abstract: Based on a deep foundation pit engineering construction scheme in Shanghai, a finite
element model was established to study the deformation effect of excavation on operating metro
tunnels. The factors, including the number and position of foundation pit supports, foundation pit
reinforcement, position of tunnels, sub-layer soil stiffness and the diaphragm wall stiffness, were
focused to analyze their effects on surrounding strata and tunnel deformation. The results show that
the number and position of supports have a significant impact on the surrounding strata and tunnel
deformation. The existence of tunnels may have a “sheltering effect” on soil settlements and
thereafter reduce the settlements of ground outside the foundation pit. The increase of sub-layer
soil modulus and stiffness of diaphragm wall can reduce the settlements of ground outside the
foundation pit and effectively control the tunnel deformation.
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Fig.1 Plane view of the foundation pit project
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Tab.1 Physical-mechanical parameters of soil

TIZ AT d/m y/(kNem=3) ¢/kPa ¢/° E/MPa
O Zeli - 1.2 18.0 0 20 2.53
©: FH 1 1.1 18.0 0 20 2.55
QWK TR+ 1.6 18.4 19 19  4.48
QK ERIRFRI TR+ 4.7 17.6 11 16 2.54
@K IR SRS+ 7.3 16.8 10 12 2.09
O KB 1 3.5 17.5 13 13.5 3.36
O JK M BTR: 1 13.2 18.1 15 18 4.66
©mE 2k SRS £ 3 19.6 40 25 7.99
@ - 1kt 4 19.6 4 35 6.58
@ -2 By 4 19.6 3 36  6.58
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Fig.2 Finite element simulation on the process of foundation pit excavation
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Fig.3 Comparisons between simulation results and

measured data
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Fig.4 Finite element model for analyzing the effect of supports number and position on foundation pit excavation
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Fig.5 Effect of the supports number and position on
ground settlement and diaphragm wall

lateral displacement
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Tab.2 Effect of the supports number and position on tunnel deformation mm
EATEIN A AT A
T I L E H
K- 1% 11 K- 1% Jr) K- 1% Jr) K- 1% yr)
1 4.62 -15.25 2.15 -17.80 29.85 —46.72 24.38 -52.31
2 5.56 —-10.60 5.22 —-10.96 11.00 -12.28 10.34 -12.95
3 4.47 -11.23 3.65 -12.10 11.24 -18.10 9.81 -19.59
4 3.62 -9.41 3.49 -9.57 6.17 -11.40 6.07 -11.53
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Fig.6 Finite element model for analyzing the effect of
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soil reinforcement on foundation pit excavation
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Fig.7 Effect of the foundation pit reinforcement on
ground settlement and diaphragm wall

lateral displacement

3.3 BEEXELUEIHMm
PABEST D — D 480 A i W15 R L B X ST

it TR, 43 3 A TOLHEATi0iE . WAl 8 k. T
B 1,2, 3 H I A1 0 2k 5 H Ak R 1 A 0 R S 4 )
H3.2,6.4,12.8 m. 3 Fh T80 H B % E 55 45 8] (1)
IKFFE AR Ah  HR S5 AR TR @ XX 3 T
BLIEGUHE T A BRI T3 2 H S 2+ T3R5
AR

(c) TH3
B8 BEMEXERKEILHMEMRITITEEDR

Fig.8 Finite element model for analyzing the effect of
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tunnels position on foundation pit excavation
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Fig.9 Effect of the tunnels position on section

sub-layer soil settlement
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Fig.10 Effect of the sub-layer soil modulus on ground
settlement and diaphragm wall

lateral displacement
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Fig.11 Effect of the sub-layer soil modulus on

tunnel deformation
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Tab.3 Effect of the supports number and position on

up-line tunnel deformation mm

r J’ K’ I
K R RP B KE B K B
1 6.59 -8.95 5.31 —3.47 3.43 -5.24 8.58 —7.55
2 4.95 -7.92 4.62 -2.93 2.52 —4.77 7.22 —6.36
3 3.97 -7.51 4.17 -2.23 1.83 —4.36 6.57 -5.46
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Tab.4 Effect of the sub-layer soil modulus on down-

line tunnel deformation mm

E’ F’ G7 H7
KF BEOKF BEOKE BE KT %
1 0.96 —-3.89 0.61 —1.28 —0.28—2.09 2.19 —-3.32
2 1.00 =3.77 0.50 —-1.34 —0.23-2.01 2.09 -3.27
3 0.97 -4.24 0.33 -1.05 -0.56-1.98 2.18 —3.31
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Effect of the diaphragm wall modulus on
ground settlement and diaphragm wall

lateral displacement
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