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Influence of Xi’ an Subway Line No. 2 Construction
on Bell Tower Ancient Architecture
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Abstract; Disturbance of soil layer caused by subway shield-driven tunneling construction may lead to
the uneven settlement of surrounding land surface and the ancient architectures on the ground, so that the
establishment of its control standard is one of the research projects encountered by the domestic tunneling
engineering. With an aim at the ancient architecture problem of Xi’ an subway No. 2 line passing through
around Xi’ an Bell Tower, it is necessary to establish a FEM numerical model which is able to reflect the
joints among the plateform blue bricks and brick-soil and the upper wooden structure of the Bell Tower.
The input displacement boundary loading method is adopted to simulate the effect of shield-driven tunne-
ling construction upon the ancient architecture of the Bell Tower, and at the same time, the quantity of
settlement, the difference of settlement, the local inclination, the magnitude of stress and the inner force
of member parts of the upper wooden structure of Bell Tower key component are analyzed in the case of
having or non-having isolation row piles, on the basis of which, the control norm for stratum settlement is
decided, whereby providing the valuable references for the underground excavation passing through the
Bell Tower and the ancient architectures with wooden structures.
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Fig.1 The section plane of Bell Tower foundation
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Tab.1 The parameters of soil and brick
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Fig.3 The contact element of brick-brick
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Fig.4 Calculation diagram of Bell Tower

wooden structures
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Tab.2 Bell Tower key point settlement under different
maximum settlement of foundation
b AR (mm) TR/ mm
-5 -10 -15 -17 -20 -25 -30 -35 -40
A -1.14-2.28-3.41-4.10-4.55-5.68 -6.81-7.95-9.08
B -0.25-0.49-0.74-0.87-0.98-1.23-1.47-1.72-1.96
C -0.11-0.21-0.31-0.37-0.42-0.52-0.63-0.73-0. 84
D 0.22 0.44 0.66 0.79 0.89 1.11 1.32 1.55 1.76
E -0.53-1.06-1.59-1.88-2.12-2.65-3.17-3.70-4.22
F -0.33-0.67-1.00-1.18-1.33-1.66-1.99-2.32-2.65
G -0.11-0.23-0.34-0.40-0.45-0.57-0.68 -0.79-0.91
H 0.01 0.02 0.04 0.05 0.05 0.06 0.07 0.08 0.10
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Fig.7 Settlement trough of Bell Tower foundation
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Tab.3  Bell Tower key point stress under different maximum settlement of foundation
SR AL (mm) R S/ kPa
-5 -10 -15 -17 -20 =25 -30 -35 -40
a 0.8 4 12.1 20.1 26.3 42.7 59.7 77 97.7
et o b -11.2 -11.6 -12 -12.3 -12.4 -12.9 -13.3 -13.7 -12.2
#HIIR c -13 -12.8 -12.7 -12.6 -12.5 -12.4 -12.2 -12 -9.4
d 1.7 1.7 1.8 1.8 1.8 1.8 1.8 1.8 1.6
B EPEM -91.5 -71.5 -61.7 -50.9 -43.1 -20.6 6.8 39.7 87.9
& LT f -5.7 6.5 18.8 26.5 31.0 43.2 55.4 67.6 86.5
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Tab.4 Bell Tower wooden structure stress under different maximal settlement of foundation

AR (mm) T A {E

1N 45 i/ o

(%) -5 -10 -15 -17 -20 -25 -30 -35 -40
Z,/kN ®550 -0.1 0.8 1.6 2.1 2.5 3.4 4.2 5.1 6.0
Z,(/kN d700 -1.2 -2.4 -3.5 -4.2 -4.7 -5.9 -7.0 -8.2 -9.3
L/kN +m 500 x700 -1.8 -3.6 -5.4 -6.3 -7.1 -9.0 -10.6  -12.5 ~-14.1
L,/kN + m 500 x 700 -1.1 -2.2 -3.4 -4.0 -4.5 -5.7 -6.8 -8.0 -9.0
L,/kN - m 550 x400 -0.6 -1.1 -1.6 -1.9 -2.2 -2.7 -3.2 -3.8 -4.2
L,/kN + m 550 x480 0.3 0.5 0.8 0.9 1.1 1.4 1.6 1.9 2.1
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Tab.5 Bell Tower key point settlement under different
maximum settlement of foundation after reinforcement
AP (mm) TR E/mm
-5 -10 -15 -17 -20 -25 -30 -35 -40
A -0.93-1.85-2.78-3.39-3.70-4.63-5.55-6.48-7.41
B -0.24-0.48-0.71-0.84-0.95-1.19-1.43-1.66-1.90
C -0.09-0.18-0.27-0.32-0.36-0.46-0.55-0.64-0.73
D 0.20 0.41 0.61 0.73 0.81 1.01 1.22 1.42 1.62
E -0.46-0.92-1.38-1.65-1.83-2.29-2.75-3.21-3.67
F
G
H

PS I

-0.30-0.60-0.91-1.07-1.21-1.51-1.81-2.11-2.42
-0.10-0.19-0.29-0.34-0.38-0.48-0.57-0.67-0.77
0.01 0.02 0.04 0.05 0.05 0.06 0.07 0.09 0.10
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Fig.9 Settlement trough of Bell Tower foundation
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Fig. 10 Bell Tower key point stress curve considering different

maximum settlement of foundation after reinforcement
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Tab.6 Bell Tower wooden structure stress under different maximal settlement of foundation after reinforcement

AT F T/ nim ASFYLRE R (mm) T AT {E
(%) -5 -10 -15 -17 -20 -25 -30 -35 -40
Z,/kN @550 -0.4 0.1 0.7 1.0 1.1 1.7 2.3 2.8 3.3
Z,/kN @700 -0.7 -1.4 -2.1 -2.4 -2.6 -3.4 -4.1 -4.8 -5.4
L/kN - m 500 x 700 -1.1 -2.2 -3.3 -4.1 -4.2 -5.3 -6.4 -7.6 -8.5
L,/kN - m 500 x 700 -0.6 -1.1 -1.8 -2.0 -2.2 -2.8 -3.5 -4.1 -4.5
Ly/kN » m 550 x 400 -0.4 -0.7 -1.1 -1.3 -1.3 -1.7 -2.0 -2.4 -2.7
L,/kN + m 550 x480 0.1 0.3 0.4 0.5 0.5 0.7 0.8 1.0 1.0
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