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Measurement and numerical analysis of effect of excavation of foundation
pits on metro tunnels
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Abstract: With the rapid development of underground space in large cities in recent years, the design of foundation pits of
underground space in urban areas should focus on their safety, especially on their influence on the adjacent buildings. Therefore,
it needs to consider the foundation pit and the environment as a whole during design. On the basis of the summary of control
standards and protection techniques of metro engineering, taking a deep foundation pit near the metro tunnel in Guangzhou as
an example, the effect of its excavation on the metro tunnel is synthetically analyzed through numerical simulation and
measurement. The measured results show that excavation doses not always have unloading effect on the tunnel, sometimes, it
will increase the confining pressure on the tunnel. The influence relates to the depth of excavation and the site of the tunnel as
well as the construction method of supporting structure for the foundation pit. Thus, the actual mechanical transmission path
should be considered to determine the unloading or loading influence. The numerical results are close to the measured ones,
indicating that the boundary conditions and computational parameters of the numerical model are compared with the actual
working conditions. The achievements may provide beneficial reference for the optimal design, construction and similar
projects.
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Table 1 Warning and maximum values of deformation for existing

structures
i H A /mm % PR A /mm
WEA 45k 25 AR 8 6.0 10.0
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Table 2 Settlement controls standards for existing metro tunnel

FEFHHE: 400 HusZ R Yi%/107
IH mPUEH  3miEE 7TmiEE 10miE
/mm WK WK Bl P4 1)
A 20 25 2.0 1.0
AN 30 5.0 4.0 3.0
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Table 3 Warning and maximum values of deformation for existing

structures
U B 7B ROUEE WA
A /mm /mm /mm /mm /mm
Ty 30 30 4 2 1
B NE 40 40 6 3 1

&4 LW 13 SEMKEMRIETRATHIRE
Table 4 Deformation control standards for existing metro tunnel

(No.13 Line) in Beijing
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Fig. 1 Plane relation between excavation of foundation pit and

metro tunnel
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Fig. 2 Position relation between excavation of foundation pit and

ventilation
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Table 5 Values of rock and soil parameters

KR zm AE ap

=1 N \
;H;]Zf LREG EEe g g AL
/(g'cm%) c/kPa ¢@/(° ) Ey/MPa

® WA+ 1.86 100 15.0 40 030
®-1 B 1.88 17 18 15 0.29
®-2 B 1.93 20 25 18 0.28
@-1 #¥FEL  1.87 17 18 14 0.29
@2 ¥FEL 194 20 22 30 0.26
@-3 WP+t 1.96 23 23 35 0.25

®- 4= Ak 2.06 40 26 60 0.24
@1 ALk 2.16 80 28 500  0.20
®-M Rk 236 400 32 1500 0.18
=4 C50

SR C30

*6 ERMNFSH

Table 6 Values of rock parameters
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P, /(gem”)  fo/MPa E/MPa E/MPa
i XUAL, 2.10 1.8 0.4x10° 1.4x10°
H R AL 2.35 5.7 1.9x10° 4.1x10°
AL 2.40 8.6 7.2x10° 12.0x10°
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xR 7 B AREIRE N RRE 203.31/kN/m 203.31 kN/m
Table 7 Displacements of tunnels under different excavation depths
. v PNV %38 o4k 72.58 kN/m
FrE  EGRENKA  BEEA %féé 72.58 kN
ARGEE B /mm B B/mm mm
6.3m 15.93 1.59 1.10
157 m 16.17 1.60 1.21 99.51 kNfm
23.9m 16.36 1.70 1.28
126.44 kN7 126.44 kN/m
236.37 kN/m 236.37 kN/m

11 FZEIBGURM BTSSR TS TE (R m)
Fig. 11 Displacement contours of retaining structures for

foundation pit after excavation (unit: m)

12 FEEGIREREEMIZEE(RL: m)
Fig. 12 Displacement contours of tunnels after excavation
(unit: m)
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Table 8 Additional pressures on top of tunnel caused by excavation
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Fig. 15 Moments and axial forces of tunnel segment after

excavation
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