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Influences of construction of side-crossing shield tunnel on adjacent
ancient architectures and reinforcement effect of protection measures

WU Chang-jiang"*, ZHANG Zi-xin', DING Wen-qi', ZHANG Deng-yu'
(1. School of Civil Engineering, Tongji University, Shanghai 200092, China; 2. Shanghai Institute of Architectural Design and Research
Co., Ltd., Shanghai 200041, China)

Abstract: Based on the side-crossing construction of Shanghai Metro line No. 11 close to the ancient architectures, numerical
simulation and field monitoring are employed to study the settlement of the adjacent ancient architectures induced by the
construction of MJS piles and the side-crossing of newly shield-driven tunnel. The influences on the buildings during the whole
construction process can be divided into three stages: disturbance of pre-reinforced piles and crossing of up and down lines. The
stage of pre-construction of MJS piles has the most remarkable impact. Due to the protection of MJS piles, the stages of
crossing of up and down lines have the second largest and the smallest impacts, respectively. In addition, because of the
construction of piles and the existing buildings at the left side of the tunnel, the settlement trough differs from the traditional
one, and the distribution of horizontal displacement obviously changes. Moreover, due to the protection of isolation piles, the
settlement produced by shield driving greatly decreases. Finally, the field monitoring data agree with the numerical results. The
accuracy and rationality of the numerical simulation method is validated.
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Fig. 1 Schematic diagram of tunnels and buildings
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Fig. 2 Profile of side-crossing shield tunnel near Xuhui Church
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Table 1 Physico-mechanical parameters of soils
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Fig. 3 Numerical model
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(1) HRAEAADRF
K 4 g ALt T T8 B iR e b =

Contour of Z-Displacement
Magfac = 0.000e+000
-1.11312-002 to -1.00002-002
-1.00002-002 to -8.0000=-003
-5.00002-003 to -5.00002-003
-5.00002-003 to -4.00002-003
-4.00002-003 to -2.00002-003
-2.0000e-003 to 0.0000e+000
0.0000e+000 to 1.1675e-003
Interval = 2.02-003

(a) MISHEEMTSERSE

Contour of Z-Displacement
Magfac = 0.000e+000
-1.4233e-002 to -1.4000e-002
-1.4000e-002 to -1.2000e-002
-1.2000e-002 to -1.0000e-002
-1.0000e-002 to -8.0000e-003
-8.0000e-003 to -6.0000e-003
-6.0000e-003 to -4.0000e-003
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— S 2

T 2L SN jl\j;[i o kPa /°)
AE A 18.0 2.00 030 7.0 10.0
WA TR TR 17.3 254 032 100 16.5
WA TR 1 16.7 208 036 11.0 125
it 17.5 336 033 140 14.0
I e 17.9 466 032 160 225
AR 20.0 856 032 530 18.0
b 19.4 12.16 032 50 37.0

x2 MELE. TRERMBHNESH
Table 2 Physico-mechanical parameters of reinforced soils,

grouting layer and linning

K B Eﬁ; FPERTE OBREEM R

/m  /(kN'm”) /MPa ) /MPa
E+ZE 175 18.0 400 23 1.0
) 0.35 25.0 34.5%10° — —
ERE 0.07 25.0 0.9, 4, 400 — —

% 18 SR F A P i =5 A B gk e T, JE A AR
6.34 m, FHIZMEN 6.20 m, B EEHR 35 cm JE
FER) C55 Wkt L, EHBREHR 1.2 m, TRIZMRE
SN N (TR L N BU R Rl 5 s 0D N LN
o VERSE NS E 4 0.9 MPa, 1 NIT2 0 E ik

-4.0000e-003 to -2.0000e-003
-2.0000e-003 to 0.0000e+000

0.0000e+000 to 1.2903e-003
Interval = 2.0e-003

(b) HTRIFEERE

Contour of Z-Displacement
Magfac = 0.000e+000
-1.6468e-002 to -1.6000e-002
-1.6000e-002 to -1.4000e-002
-1.4000e-002 to -1.2000e-002
-1.2000e-002 to -1.0000e-002
-1.0000e-002 to -8.0000e-003
-8.0000e-003 to -6.0000e-003
-6.0000e-003 to -4.0000e-003
-4.0000e-003 to -2.0000e-003
-2.0000e-003 to 0.0000e+000

0.0000e+000 to 1.6959e-003
Interval = 2.0e-003

4 FRRPELE

Fig. 4 Ground settlement
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Fig. 5 Layout of cross sections and monitoring points
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Fig. 8 Curves of settlement and horizontal displacement of cross

section C-C'
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Fig. 9 Curves of ground settlement above tunnel axis of up lines
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Fig. 11 Curves of settlement at each point in building
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Fig. 12 Curves of settlement at each point in building
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Table 3 Comparison between numerical results and field monitoring data mm
TiH it T Bt F2 F3 F4 F5 F6 F7
A i T Rk -6.67 -9.03 -8.31 ~7.53 -6.69 -4.45
¥l [ee— iR -2.46 -2.77 -2.99 -3.07 -3.15 -2.69
W Rk -9.13 -11.8 -11.3 -10.6 -9.84 ~7.14
(5 MJS) RS DURESE -1.07 -0.80 -0.60 -0.50 -0.36 -0.47
Rk -10.2 -12.6 -11.9 -11.1 -10.2 ~7.61
A i T Rk -2.76 -6.04 -5.54 -5.55 -3.62 -1.18
L7 o et -2.95 -1.48 078 154 297 435
exll LR Rilyike -5.71 -7.52 632 709 659  -5.53
(1 MIS) E— VLBt -1.17 ~1.49 3.49 262 259 418
Rk -6.88 -9.01 -9.81 -9.71 -9.18 -9.71
el [ DRI -9.88 -11.52 -11.15 -10.77 -9.88 -6.65
" Rk -9.88 -11.52 -11.15 -10.77 -9.88 -6.65
G MIS) R VORI -4.18 -4.48 -4.23 -3.96 -4.18 -3.25
Rk -14.06 -16.0 -15.38 -14.73  -14.06 -9.90
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