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Field test and analysis of the environmental vibration characteristics
of building nearby the high speed railway

Wang Xiangqgiu , Zhang Huojun . Xie Wenxi

(School of Transportation and Civil Engineering &. Architecture, Foshan University, Foshan 528000, Guangdong, P. R. China)

Abstract: The in-situ test was carried out for the environmental vibration response of the surrounding
buildings and the ground caused by high speed railway trains, the spectrum analysis method was used to
study vibration characteristics of the surrounding buildings and ground. The environmental vibration levels
of high speed railway was analyzed and evaluated in combination with the vibration control standard of
urban railway. The results of study show that the environmental vibration frequency caused by the 270 km/h
high-speed trains is mainly concentrated on the range of 25~60 Hz. The vertical vibration of building is
larger than the horizontal vibration, the maximum of Z-level of vertical vibration is 70. 62 dB. The second
vibration in the building has a obvious height amplification effect, the maximum Z-level of vertical vibration
on the top floor of the building is about 1. 094 times of that on the first layer. The ground vibration is
obviously larger than that of the surrounding buildings, but the similar changing law is shown between the
ground and the building, the maximum of vibration level of division frequency on the ground can up to 92

dB, but the maximum of vibration level of division frequency on the buildings can only up to 80 dB. The
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environmental noise of high speed railway is up to 92. 8 dB, more than the severe pollution standards of city

environmental noise. Environmental noise pollution caused by high speed railway is greater than the impact

of environmental vibration, the corresponding noise reduction and sound insulation measures should be

adopted to effectively control the level of environmental noise.

Keywords: high speed railway; in-situ test;environmental vibration;spectrum analysis
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Fig. 1 Position of building and measuring points
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Table 1 acceleration amplitude of environmental vibration for high speed railway
# 1 # (v=256.7 km/h) 52 i (v=260. 2 km/h)
TP/ (m e s %) B ME L/ (m - s77) KV / (moe s %) BEEE L/ (m - s™%)
= M 55
¥l Ji2E/107° ¥E J525/1076 ¥l Ji2E/107° ¥E J525/107°
1 0.008 4 4.12 0.024 0 36.2 1 0.006 6 4. 20 0.030 0 36. 2
2 0.006 6 4. 10 0.021 6 81.2 2 0.007 8 4. 20 0.019 2 81.0
3 0.002 4 1. 30 0.008 4 16.1 3 0.002 4 1. 30 0.011 4 16.0
4 0.001 8 1. 20 0.002 4 1. 30 4 0.001 8 1.40 0.003 0 1. 00
5 0.004 2 1. 00 0.003 0 4.00 5 0.003 0 1. 30 0.004 2 4. 30
6 0.001 8 1.40 0.004 2 4. 30 6 0.003 0 1.40 0.004 8 4.00
7 0.004 2 4. 00 0.007 8 9. 00 7 0.004 2 4. 30 0.006 6 9. 30
2 3 4 (v=258.5 km/h) 2 4 4 (v=260.6 km/h)
W KN/ (m e s72) BN/ (m - s™2) . AKF I/ (m s s78) UM/ (m e 5™ %)
¥E Ji2£/10°° ¥E J526/107° BfE Jie/107° ¥E J528/107°
1 0.006 0 4.23 0.018 0 36.4 1 0.006 0 4. 00 0.024 0 36. 3
2 0.006 0 4. 00 0.020 4 81.4 2 0.006 6 4. 30 0.024 6 81.0
3 0.003 0 1. 00 0.008 4 16. 4 3 0.003 0 1. 20 0.007 8 16.0
4 0.001 8 1. 30 0.001 8 1. 00 4 0.001 8 1. 20 0.002 4 1. 00
5 0.003 0 1. 30 0.003 0 4. 20 5 0.001 8 1. 30 0.003 0 4.00
6 0.003 0 1. 30 0.004 8 4. 30 6 0.001 8 1. 30 0.005 4 4.00
7 0.004 2 4. 00 0.005 4 9. 00 7 0.004 2 4.10 0.005 4 9. 20
55 h(0v=256.9 km/h) 56 i (0v=268.6 km/h)
KPR/ (me s7%) B EMHEEE/ (m s s77) FKOFINEEE/ (ms s™%) BEE M/ (m - s77)
M x5 M i 5
BfE J52E/107° ¥E Jr /1078 BfE Jr /1070 ¥iH J522/1076
1 0.006 0 4. 10 0.024 0 36.1 1 0.006 6 4.10 0.024 0 36.2
2 0.006 6 4. 00 0.018 6 81.1 2 0.006 6 4. 20 0.021 6 81.0
3 0.003 0 1. 10 0.006 6 16.2 3 0.003 6 1. 20 0.008 4 16.1
4 0.001 2 1. 20 0.002 4 1. 10 4 0.002 4 1. 20 0.002 4 1. 10
5 0.001 2 1. 00 0.003 0 4. 20 5 0.003 6 1.10 0.003 0 4.20
6 0.001 8 1.10 0.005 4 4. 00 6 0.003 6 1. 00 0.004 8 4.20
7 0.004 2 4. 10 0.005 4 9. 00 7 0.004 8 4. 00 0.005 4 9.10
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gk 1
%5 7 W (v=257. 3 km/h) 5 8 i (v=270.5 km/h)
e KN/ (m e s72) BEH N/ (m + s72) i i 2 KB/ (m e s™2) WEE AR/ (m o« s™?)
Eaff] J52/10°° ¥{E Ji /1076 HH Ji/107° ¥E J2/10°°
1 0.006 0 4. 10 0.030 0 36. 1 1 0.006 0 4. 20 0.030 0 36. 1
2 0.007 2 4. 20 0.021 6 81.3 2 0.009 0 4. 30 0.019 2 81.0
3 0.003 0 1. 30 0.008 4 16. 1 3 0.003 0 1. 30 0.007 8 16. 1
4 0.001 8 1.00 0.003 0 1.10 4 0.001 8 1.10 0.003 0 1.20
5 0.003 0 1. 20 0.003 0 4.20 5 0.002 4 1. 30 0.003 0 4. 30
6 0.002 4 1. 20 0.005 4 4. 20 6 0.002 4 1.10 0.004 8 4. 10
7 0.004 2 4. 00 0.005 4 9.10 7 0.004 8 4. 20 0.005 4 9. 30
%5 9 M (v=253. 6 km/h) %5 10 # (v=265. 8 km/h)
e KPS/ (me sT) WEHMGHE/(mes ) | KFEEE/(mes? BEE N/ (m e s )
55 M5
o] Jy2/107° ¥ME Jr25/107° Y {E Jr25/1076 ¥ME 5 26/107°
1 0.006 0 4. 00 0.024 0 36.0 1 0.007 8 4.50 0.030 0 36.5
2 0.006 6 4. 00 0.022 8 81.0 2 0.006 6 4. 50 0.022 8 81.6
3 0.003 0 1.00 0.009 0 16. 0 3 0.003 6 1. 30 0.009 6 16. 2
4 0.001 2 1. 00 0.002 4 1. 00 4 0.001 8 1. 30 0.003 0 1. 00
5 0.002 4 1. 00 0.003 6 4. 00 5 0.002 4 1.40 0.003 6 4.20
6 0.002 4 1.00 0.004 8 4. 00 6 0.002 4 1.00 0.005 4 4. 00
7 0.004 8 4. 00 0. 006 6 9. 00 7 0.005 4 4. 30 0.007 2 9. 20
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Fig. 3 Acceleration time history and energy distribution of building
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Fig. 4 Acceleration time history energy distribution of ground
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Table 2 Vibration characteristics of building

WAL B /m ZR4/dB JLONES
J1 0.00 64. 60 1..000
J2 4.50 66. 27 1.026
J3 9.00 68. 63 1.063
J4 14. 05 70. 62 1.094

®3 B EENIRSFE

Table 3 Vibration characteristics of ground

Wi BHEHEE/m ZiRY/dB TEW AR
D1 9.1 83.18 1.000
D2 13.7 79.83 0. 959
D3 18.2 74.07 0. 890
1 23.2 64. 60 0.776
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Fig. 5 Z-vibration level of environmental vibration
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Fig. 6 Curves of 1/3 doubling frequency process
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Table 4 Measuring values of environmental noise

G g/

MLy 5 W75 {6 /B RS
(km+h 1)
1 256. 7 91.2 A7
2 260. 2 91.2 A7
3 258.5 91.2 T1F
4 260. 6 91.2 F47
5 256. 9 90. 7 A7
6 268. 6 92.8 FA7
7 257.3 90. 2 47
8 270.5 92. 8 17
9 253.6 88.1 F47
10 265. 8 91.1 FA7
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5 g
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