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Abstract

For the structural vibration problem brought by metro operation, the paper takes a building in Xi’an
as the research object and establishes a three-dimensional simulation coupling model of track-tun-
nel-soil-buildings in the finite element software ANSYS to study the vibration law of buildings un-
der different vehicle speeds, different vehicle types and different floor heights. It can provide some
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reference for the structural vibration prediction of similar buildings along the subway, so as to
make the living environment quality better for the residents adjacent to the subway. With the
change of speed and model, it shows that the peak vibration of the building structure caused by
the operation of subway trains is mainly concentrated at 63 Hz and 80 Hz. When the speed of the
subway operation becomes greater or when the model changes from B to A, structural vibration of
the building becomes greater. However, the change of metro vehicle type has little impact on vi-
bration, and the difference in VL max is only about 2 dB. With the increase of floors, the vibration of
each floor of the building first decreases and then increases. Therefore, when taking vibration and
noise reduction measures, we need to pay special attention to their effect on the ground floor and
the top floor.
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Figure 1. Standard floor plan of building
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Table 1. The basic parameters of the building
%= 1. BHMESERELRSH
¥ HAPER 5 (Pa) 25 1 (kg/m?) VARALE J~F(m)
B 24x10° 1900 0.2 0.24
Mt 3.5 x 10" 3000 0.2 0.12
AN 3.5 x 101 3000 0.2 0.24 x 0.24

RICKFHARITHA ANSYS @riis - BEiE - Lk - @R =gA R ase, LESHURE
A LTSRS R, Wk 2 Pos, BUENEARIE, HEESHIE 3. EARTHER T, %
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Table 2. The parameters of soil

£=2. TiEEH
+ 5 R (m) L R (MPa) 2 ¥ (kg/m’) THFALL
B2 0~6 210 1632.7 0.32
F = 6~26 287 20222 0.30
EEE 26~60 497 2071.4 0.28

Table 3. The main parameters of integral track
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B 0.3 m
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Figure 2. The 3D finite element model of track-tunnel-soil-building
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Figure 3. The partial view inside the tunnel
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Table 4. The dynamic parameters of type B vehicle
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EWZH (e L&A
Foxt e M, kg
e 17 2 I M, kg
LEENig M, kg
38 Rk R J kg m?
ok R R J. kg m?

HfH
1539
3520
35240
1736
1.297 x 10°
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Figure 4. The vertical wheel-rail force

E 4. ERRTD

W] 5~7 Firas, 7E S BE I p5 (8 PR 1T 5 B B PR B9 40 1.2 m) SR A7 BN B 5 e v, L
ZHAE 107" m/s?, I IETE FEIAE 50~90 Hz 2 18], BSRHRKIBMEMAE M, EWZER/N, 70 2 7EHE
ZWo ZSLINEIE VL N 87.88 dB, i EEHE VL N 87.56 dB, P EE AT

0.4 5

0.3 -
0.2
0.1
0.0 -
0.1
0.2

-0.3

03 B (m/s™2)

B Al/s

Figure 5. The measured acceleration of tunnel wall
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Figure 6. The simulation acceleration of tunnel wall
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Figure 7. The comparison of measured and simulated acceleration spectra of tunnel points
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Figure 8. The measured acceleration at the bottom of the building
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Figure 9. The simulation acceleration at the bottom of the building
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Table 5. The list of working conditions
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Figure 10. The effective value of acceleration on each floor of the building at different vehicle speeds. (a) First floor, second
column; (b) second floor, first column; (c) third floor, second column; (d) fourth floor, first column
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Figure 11. The number of rooms in the building
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Figure 12. The vibration acceleration level 1/3 OCT spectrum of the second column of the second floor of the building from

case one to case three
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Figure 13. The peak frequency ratio of vibration acceleration level in working condition two (standard condition)
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Figure 14. The VL., on each floor of the building at different vehicle speeds. (a) First floor, second column; (b) second
floor, first column; (c) third floor, second column; (d) fourth floor, first column
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Figure 15. The effective value of acceleration on each floor of the building at different vehicle types. (a) First floor, second
column; (b) second floor, second column; (¢) third floor, second column; (d) fourth floor, second column
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Figure 17. The VL., on each floor of the building at different vehicle types. (a) First floor, second column; (b) second
floor, first column; (c) third floor, second column; (d) fourth floor, first column
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Figure 18. The variation of VL., of the building with floor. (a) Working condition one; (b) working condition two; (c)
working condition four
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