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Numerical study on vibration of ground building adjacent to
metro induced by operation of subway train

LU Dechun’, GAO Zejun', KONG Fanchao’, MA Yiding’, SHEN Chenpeng’,

DU Xiuli'

(1. Institute of Geotechnical and Underground Engineering, Beijing University of Technology, Beijing 100124, P. R. China;
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Abstract: In order to study the propagation pattern of vibration wave generated by urban subway operation in
buildings adjacent to the metro and provide guidance for engineering practice, this paper takes adjacent buildings
along the subway line as the research object and refer to the range of actual quantities to establish the general
finite element numerical model of subway train-rail-tunnel-ground-building system. The transmission
distribution and spectral characteristics of vibration response of the same floor and different floors in the building
are studied. The results show that the vibration excitation of the building caused by subway operation is mainly
in the range of 1~50 Hz; The greater the room area, the more the natural vibration frequencies of the floor are

located in the dominant frequency range of the excitation load, and the more prone it is to cause floor resonance;
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The vibration intensity of floor span midpoint is usually greater than that of corner point, and the vibration of

corner point will exceed floor span midpoint in low frequency band of 1.25~2.0 Hz; The vibration acceleration

response in three directions presents a fluctuating distribution trend with the rise of the floor. Through the

calculation of several examples, the influential characteristics of running speed, tunnel burial depth and

horizontal distance between building and tunnel are analyzed.

Keywords: subway vibration; neighboring buildings; overall analysis method ; numerical simulation; vibration

distribution
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Fig.1 Physical model of subway train
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Fig.2 Finite element model of subway train
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Table 1 Subway train parameters

ARt kg WIRETE kg Rt ke ERKHE/m HER/ m HBE /m AR/ m
22920 2 550 1420 19 12.6 2.2 0.42
s ) 4 2 B CRRENE  FREE CRRERE(E RN (E
RIS/ T Rk R (F " -
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\ %) /(kgem?) i) /(MN/m) (kNes/m) (MN/m) (kN+s/m)
61 730/61 730/14 890 1 750/1980/1 050 985/117 1.7/10.4/6.6 15 0.32/0.3/0.3 27/30/30
W 73
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Fig.3 Track irregularities
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Fig. 4 Schematic diagram of mesh division of subway

tunnel model
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Fig. 5 Building layout and room numbering
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Fig. 6 The relationship between tunnel and building space

A2 FERT A3 B, OTE B UL IR A A 2 ik 1 1 A 46
S ik o HURT R ob (4 R BT BT ) B L B R o
FUES AR 34 0 SAR SE L TT R EE 43 B R 0.12.0. 2,
0.2.0.05 m; %51 B2 F 4589+ >k H B31 2 Hoc, 3
B S8 0.2 mx 0.3 m, HE# R F 8 0.5 m X
0.5m. EIFEH MBS E R 2R

K2 BUISBESHMBSE

Table 2 Material parameters of building and tunnel

structure
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HH LM
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% 12 25 4
JH R 2500 33.0 0.2
% 18 45 1) 2500 30.0 0.2
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Fig. 7 Finite element model of building standard floor
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Fig. 8 Finite element model of the above-ground part of

the building
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Fig. 9 Numerical model of subway train-tunnel-stratum-

building
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Fig.10 Numerical model verification results
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Fig. 11 Time history graph and frequency

spectrum graph of building excitation load
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Table 3 The first ten natural frequencies of the floor slab

of rooms
4R 43 % /Hz

B %
157 1H] 4 B[] 6 57 [H]
1 6.936 3. 666 7.896
2 11.661 5.655 12.439
3 16. 740 9.087 19.757
4 19. 802 9.110 20.439
5 20. 824 10. 895 23.654
6 28.127 13.950 30. 688
7 31. 549 14.019 32.089
8 32.686 17.660 39.197
9 36. 289 18.572 41.321
10 39.050 19. 321 42.593
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Table 4 Comparison of vertical vibration responses at
different locations in the same room
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Fig. 15 Variation law of three-way vibration acceleration

with the rise of floors
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Table 5 Working condition table of influencing factor

analysis
T %54 /(km/h)  BEIEME/m JRPEE/m
P v 0 80 15 11
TH 1 50 15 11
T2 110 15 11
T3 80 10 11
T4 80 20 11
TH5 80 15 0
TH6 80 15 22
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