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Influence of Urban Rail Transit on Xi’ an
Yongning Gate Ancient City Wall Vibration
LIANG Z0U Tao, QIAN Chunyu,
ZHANG Kai

Abstract Objective: Xi’ an ancient city wall is a major his-

Minghui,

torical and cultural site protected at the national level in China .
The increasing vibration of road traffic and the operating Xi’ an
Metro Line 2 train has significant influence on the safety of
Xi’ an ancient city wall. Therefore, taking the Xi’ an Yongn-
ing Gate (hereinafter represented by 'YG') tower and wall as
research object, by collecting the monitoring data of different

metro operating speeds causing vibration of YG tower and
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wall, the influence of metro operating speed on YG tower and
wall is analyzed. Method: The vibration response at important
control points of YG tower and wall caused by existing road
traffic is monitored. Through the calculation method of vibra-
tion energy superposition, the vibration peak velocity amplitude
under different metro operating speeds + road traffic compre-
hensive working conditions is obtained, and its influence law is
analyzed. According to the vibration standards in GB/T
50452—2008 Technical Specifications for Protection of Historic
Buildings against Man-made Vibration, analysis and judgement
is conducted on whether the vibration response velocity ampli-
tude of ancient buildings under various working conditions can
meet the relevant requirements. Result & Conclusion: The vi-
bration response velocity amplitude of YG wall main structure
and tower wooden structure under road traffic condition and
metro + road traffic comprehensive conditions meet the al-
lowed vibration standard requirements in GB/T 50452—2008
and the recommended value by National Cultural Heritage Ad-
ministration; for the metro + road traffic comprehensive con-
ditions, when metro operating speed is lowered, and the
change of vibration velocity response amplitude at monitoring
points on YG wall, tower and cracks is small, thus metro
speed reduction has limited impact; the results of both vibration
monitoring and superposition calculation show that the impact
of road traffic on YG wall vibration is greater than that of met-
ro.

Key words urban rail transit; vibration monitoring; Xi’ an
ancient city wall; dynamics response; vibration assessment
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Fig.1 Planar relation diagram of Line 2 and Yongning

Gate wall
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Fig.4 Layout diagram of Yongning Gate vibration monitoring points
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Tab.1 Speed pickup sensor parameters

s %M =0 ﬁ%%m B
ya| (m/s) Ji5 [/ Hz

891-I1 K 1.40  0.50 ~100. 00 4

891-I1 I 1.40  0.50 ~100. 00 2

941-B K 0.30  0.17 ~100. 00 4

941-B ) 0.30  0.17 ~100. 00 2
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Tab.2 Statistics of velocity amplitude of Yongning Gate

wall and tower under different working conditions

RIIAR S L IFE/ (mm/s)

T W A5
X JA] Y I VAL
JIH 0.064 0.048 0.062
Ik )
. iR 0.042 0.041 0.044
% 11 23
—Z 0.066 0.062 0.059
Ik B
= 0.093 0.105 0.102
JEHB 0.035 0.033 0.035
Bia
L Thi 0.026 0.025 0.029
HAkis 1T
—2 0.051 0.055 0.041
Bl

—Z 0.081 0.083 0.047
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Fig.5 Screenshot of typical time-history and spectrum curve

under road traffic conditions
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Fig.6 Screenshot of typical time-history and spectrum curve

under metro operating conditions
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Tab.3 Layout of vibration monitoring conditions
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Fig.7 Layout diagram of paving crack measurement points

under Yongning Gate vibration monitoring
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Tab.4 Statistics of Yongning Gate wall and tower maxi-
mum vibration velocity amplitude under various

working conditions

X T KR 203 R A/ (mm/s )
T (A
X [ Y [f] VAG
Ik 0.035 0.029 0.035
57 km/h
o ) 0.067 0.083 0.047
WELAE btk
W RMERE  0.023 0.024 0.028
Ik 0.034 0.026 0.031
55 km/h
s ¢ 0.057 0.052 0.038
WELAEL btk
W ZsELE  0.021 0.021 0.026
IR 0.033 0.022 0.028
50 km/h
s % 0.046 0.035 0.034
WELAZL stk
WBsEL  0.017 0.018 0.025
I Ik 0.031 0.018 0.027
45 km/h
. ¥ 0.039 0.041 0.030
WELAZL itk
MR RsEL  0.016 0.016 0.023
I dk 0.031 0.020 0.027
40 km/h
NN ¥ 0.043 0.047 0.024
WAL itk
W BLEELL  0.016 0.016 0.021
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Tab.5 Statistics of Yongning Gate wall and tower maxi-

mum vibration velocity amplitude by superposition

calculation
) ) X e KA 23 iR/ (mm/s )
T LI A=
X [ Y[ VAL
Ik 0.075 0.092 0.094
57 km/h
. 0.102 0.125 0.107
wkser W
R RLaE AL 0.045 0.069 0.071
Ik 0.075 0.092 0.094
55 km/h
- 0.097 0.125 0.107
e TN sk
a3 ELY SN 0.045 0.069 0.071
Ik 0.070 0.086 0.089
50 km/h
- I 0.097 0.114 0.102
WAL ik
MR EERE 0.042 0.064 0. 066
I 0.070 0.086 0.085
45 km/h
s ) 0.097 0.114 0.102
WA btk
WP ZIBELE  0.042 0.064 0. 066
I 0.070 0.086 0.085
40 km/h
s ) 0.097 0.114 0.102
e TR btk
IR RIAELL  0.042 0.064 0. 066
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Fig.8 Comparison of vibration response amplitude under

different working conditions (horizontal )
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Fig.9 Comparison of vibration response amplitude under

different working conditions ( vertical )
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