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Analysis of Environmental Vibration due to Subway
under Different Site Soil Conditions

JIN Qiao ,ZHANG Jiayu ,SUN Li

(School of Civil Engineering, Shenyang Jianzhu University , Shenyang,China, 110168 )

Abstract ; In this paper,the influence law of vibration in surrounding sites caused by urban subway
rail transit was studied,so as to provide environmental vibration information for the evaluation of
vibration comfort of adjacent buildings, analysis of vibration damage,and effective application of
vibration absorption and isolation measures. In order to investigate the vibration characteristics of
the site surface, a finite element model of ”soil-tunnel” based on ABAQUS was established, a
dynamic load formula of subway trains considering track irregularities was constructed, and the
VDLOAD subroutine was used to simulate train operation. And then the ground vibration responses
induced by train operation under different site types, different train speeds, and different buried
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depth of tunnel track were analyzed and compared. It is found that the peak response of horizontal
acceleration reaches the maximum value at around 20 meters from the center axis of the subway
track,and then decayed rapidly in the region from 20 meters to 40 meters laterally. On the
contrary ,the maximum value of the vertical acceleration peak response appears at 0 meter from the
center axis of the subway track, and rapidly attenuates to about one tenth of it within 20 meters
from the transverse distance. It is concluded that the horizontal peak acceleration response of site
vibration effects presents a "hump” trend of first increasing and then decreasing, while the vertical
peak acceleration response presents a “monotonic decreasing” trend. And the site category has an
impact on the difference of site effect caused by different vehicle speeds. Meanwhile , the vibration
effect of the site generally decreases with the increase of the buried depth of the tunnel track.

Key words ; subway train;site effect;construction site category ; ground-borne vibration
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Fig.1 Time history curve of subway vibration load
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Table 1 Parameters of soil layers
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Y207 +EHE/m (kgem ) MPa EE 7N PIEEHE S/ (°) (m-s~!)
0~3(ZRIH+) 18 160 0.3 25 184.9
3 ~8(HHEP) 18 180 0.3 37 208
I 2534
8 ~44 (D) 18 200 0.3 39 219.3
44 ~60 (kA1) 18.1 200 0.3 39 219.3
0~3(Z¥t) 17.8 18 0.2 25 65
3 ~8(CHIED) 18 80 0.3 37 138.7
1 25374
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0~3(Z3t) 17.8 18 0.2 15 65
3 ~8(CHIED) 18 20 0.31 25 65.4
T 253
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Table 4 Summary of peak acceleration of vibration

characteristic points
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Table 5 Peak acceleration response of surface feature points
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0% 0. 022 0. 042 0.552 10. 051 19. 330 21.250
15 2. 156 2.584 2.120 1. 021 6. 160 8.350
NES7E0 2% 0.942 1.522 1.123 0.541 3.134 4.578
35 0. 446 0. 525 0.512 0.227 1.943 2.036
45 0. 402 0. 385 0. 391 0.192 1.257 1.052
05 0.012 0. 069 0. 080 12. 195 44.740 50. 150
15 2.551 6. 073 5.132 1. 082 4. 349 6.575
eS80 2% 0. 687 1. 823 1.324 0. 670 3.071 6. 465
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Fig.5 Comparison of peak horizontal acceleration response under different soil types
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Fig. 6 Comparison of vertical peak acceleration response under different soil types
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Fig. 8 Comparison of peak vertical acceleration response at each vehicle speed
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Table 6 Maximum peak accelerations of characteristic points under different track buried depth conditions

IR B WA/ (mm-s =)

e BN I/ (mm-s —2)

HYR/m
125554 1 2544 23 1254 1 24 23
0 10. 810 9. 608 7.334 105. 800 75. 820 56. 180
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