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Research on Vibration Characteristics and Secondary Noise Propagation
Law of Buildings in Subway Overhead Development

WANG Liangshan
(The Sixth Engineering Co., Lid. of China Railway 20th Bureau Group Co., Lid., Xi’ an, Shaanxi 710032, China)

Abstract ; Taking the development project over a subway line in Chongging as the background, this study
established a mechanical model of train-track interaction and a finite element model incorporating tunnels
and soil based on the vehicle-track coupled dynamics theory. By combining field measurement data, the
vibration characteristics ( with a dominant frequency concentrated at 63Hz) and secondary noise
propagation patterns in the TOD building cluster caused by subway operations were analyzed. The
findings indicate that the vibration levels in the leasing area, due to its proximity to the tracks, exceeded
national standard limits. To address this, vibration and noise reduction measures were proposed that
replacing conventional fastenings with elastic fastenings in the depot and throat areas, installing spring
vibration isolation bearings in the office building area above the throat section, and adding vibration
isolation pads to the side walls of leased residential units. After implementation, the vibration and
secondary noise indicators in all functional zones fell within the national standard range. The maximum Z-
weighted vibration level attenuation reached 4 ~ 8.9dB ( A), while the maximum sound pressure level
attenuation achieved 6.2 ~9.6dB(A), demonstrating that the vibration and secondary noise mitigation
measures adopted in the project effectively controlled both vibration and structural secondary noise.

Keywords ; subways ; transit-oriented development( TOD) ;vibration ; monitoring ; secondary noise ; vibration

reduction and isolation
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Fig.1 Plane of parking lot
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Table 1 Physical and mechanical properties of strata

W/ Lk wEE/ FVERL A
m (kN +m™)  1#/MPa It
0~10 ES hn 18.0 51 0.401
10~11.2  SEXALEDBTIRA 24.6 1036 0.315
12.2F Rk A 25.6 1750  0.240
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Fig.4 Numerical model
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Table 2 Comparison of measured and simulated values

i mff%ibu@ﬁ/( m-s?) R Z R/ dB(A)
’ SEPNE RLALLE SCIE RLALLE
Vi 0.037 0.041 68. 8 70.2
V2 0. 029 0.032 63.3 63.6
V3 0.026 0. 029 63.1 65.3
V4 0.052 0. 052 67.8 69.5
V5 0. 048 0. 049 60.0 62.4
V6 0. 042 0. 044 58.6 60. 7
V7 0.024 0. 026 60.7 61.9
V8 0.024 0.027 60.7 62.3
V9 0.022 0.023 59. 1 61.1
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Fig.7 Functional area division
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Fig.8 Building floor vibration in each functional area
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Table 3 Frequency division vibration level and maximum Z Table 4 Frequency division vibration level and maximum Z
vibration level in residential area  dB(A) vibration level in different function areas  dB (A)
o A3 IHR R 7 IRK fiE IIARIRK ok Z R4
12 45.2 47.5 12 65. 4 67.8
| 5% 38.2 40.4 AKX (17 5) 2% 63.6 66.2
92 35.5 37.2 3R 62.7 65.4
13 2 28.9 31.1 12 64. 4 48.6
12 4.2 46.3 6Jz 60.2 40.2
. 52 37.3 39.5 FIHLX (14 5) 112 54.3 36.5
20k 0 36,2 182 16 J2 4.6 27.9
13 )2 29.5 32.5 21 = 32.8 2.7
e 5.3 7.6 12 63.6 46.7
3 B 52 37.9 40.8 R (15 B 6 in 5.8 39.3
o2 353 376 (15 %) 112 53.3 35.8
16 2 46.1 27.6
13 2 29.8 32.0
= a4 e 21 2 33.3 25.4
- i ‘ 12 69.3 70. 8
4 Stk 5= 36.2 38.3 FERIX (16 %) 42 64.8 67. 4
92 30.8 33.5 1 . 613
13 2 26.7 29.3
1z 55.5 47.4 K5 BUMBER_AGEHBESRAEER
551k 5z 40.9 43.2 Table 5 Maximum sound pressure level of secondary
92 37.8 39.3 L .
structure noise in each functional area dB(A)
13 2 30.9 33.2 — ——
12 48.3 50.6 A0 B 5
12 37.1
o 52 44.2 46.8
ouE 92 39.6 41.9 fiEX e 3-8
JZ; ’ A ' = 92 30.0
13 2 35. 37.1 o ot 1
12 49.3 51.1 2 3.7
7 Sk 5% 43.7 45.6 IVAIX 22 41.5
92 38.5 40.8 3 18,3
13 2 33.3 35.9 2 375
12 49.3 51.6 62 31.3
§ Bk 57 4.1 46.3 FIHBIX 12 26.6
92 36.6 38.8 16 2 21.2
132 32.1 34.2 21 )2 19.1
12 40. 1 42.7 12 46.7
e 5)2 35.2 37.6 FHEEIX 42 41.3
9 Sk
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13 )2 26.2 28.8 .
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Table 6 Vibration level analysis of office area

and rental area dB(A)
& SRR K Z R
12 56.2 58.9
MK 2 )2 55.3 57.5
32 33.7 55.6
1)z 64.8 65.3
FHEEIX 42 58.9 59.6
7 )2 53.5 54.7
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Table 7 Vibration level analysis of office area

and rental area dB(A)
fr & B ER
12 34.1
AKX 2 )z 32.3
32 30. 1
1)z 37.5
FHETIX 42 35.3
72 32.4
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