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Subway-Induced Vibration Response Characteristics of
a Large TOD Underground Complex
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(1. National Engineering Research Center of Green & Safe Construction Technology in Urban Rail Transit,
Beijing 100037; 2. Beijing Urban Construction Design and Development Group Co., Ltd., Beijing 100037)

Abstract: With the background of transit-oriented development (TOD), urban underground complex structure is often joint
constructed with a subway tunnel. However, the running trains in tunnel can also induce vibration responses of the underground
complex, which may have negative effect on the functional use of the structure. To address this issue, a three-dimensional
nonlinear soil-structure finite element model of the “Galaxy One Mile” underground complex in Changchun was developed
and coupled with a vehicle-track dynamic sub-model to perform time-history analyses under subway train loading. Time history
analyses on the vibration of the large underground complex were conducted, under the subway train load. After the effectiveness
of the modelling method was verified through the in-situ measurement results, the interlayer and transversal vibration responses
of the underground complex were acquired. Results show that train-induced vibrations propagate upward along walls and
columns and then spread and attenuate horizontally through each floor slab, the columns and adjacent zones with the smallest
horizontal distance to the track centerline exhibit the largest vibration responses on each floor; whereas in regions far from the
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vibration source, slab responses become more critical. The findings provide a reference for the development and design of

underground space.

Keywords: urban rail transit; underground complex structure; subway-induced environmental vibration; jointly constructed

subway-underground complex structure; vibration serviceability of underground structures
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Figure 1 Plan view of the underground complex and data point positions

84 URBAN RAPID RAIL TRANSIT



A TOD 1 T 45 & i o ) i A E 7

. 40.2 R
Cl-1-1, Cl-2-1, Cl1-3-1
N
Cl-1-2| c1-2-2| ci1-3-2 =
<
Cl1-1-3| C1-2-3| C1-3-3 ~
% HIl 2
2 i
—>
213
(a) C1AE I
< 73.0
$3-1-1 $3-2-1 83-3-1 S3-4-1 S3-5-1 $3-6-1 S3-7-1 S3-8-
° ° ® ® ® °
$3-12| 322 $3-32| $3-4-2 | $3-5-2 | 83-6-2| $3-7-2f$3-8-2 { =
o o ° ° o e -
$3-1-3| 83-2-31 83-3-3] $3-4-3 | $3-5-3 | $3-6-3|53-7-3$3-8-3] | =
$3-1-4 $3-2-4183-3-4] S3-4-4 | $3-5-4 | $3-6-4|$3-7-453-8-4] | &
® ®e o ?ﬂ o
s ?ﬁi
Al N
ZJ 4—u> ifﬁ:m
213
(b) ST

K2 PR RS K T

Figure 2 Cross-sections of the underground complex
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Figure 3  Finite element model of the underground

complex structure
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Figure 4 Finite element model of the site-structure
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Figure 5 Schematic of vehicle track coupling dynamic

calculation model
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Figure 6 Measured vertical rail irregularity sample
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computational results at point Al
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in the three-layer region
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