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Fig.1 Research method of train-induced low-frequency

microvibration of urban building group
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Tab.1 Dynamics parameters of train-track system

2B B fE DA
G 4 4 20 6 —
G| 3B 4T 100 km/h
KRNI 41860 kg
i 48 5 i 7358 kg
AR S5 i 1780 kg
R R A 1959 t-m’
P58 T S B 1.47 t-m?
— R HENIE 1384 kN/mm
—FR e 1300 N-s/m
TR BN 355 kN/mm
ZREHEH)E 1300 N-s/m
RN S 22.8 m
W R 15.7 m
o o) AL B 2.5 m
FRR BRI A 0.43 m
Y2 S A 2.06x10" N/m’*
CLEC IR TR s 3.22X107° m'
LB K R 60.64 kg/m
EJIRERINEl 0.6 m
U T AR I 4.0X 107 N/m
BT R 3.0 10" N-s/m
x2 ThSH

Tab.2 Parameters of soil
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Fig.4 Arrangement of sensors in field test
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Fig. 8 Vertical distribution characteristics of soil vibration

0.0257
~ 0.020
£ oot
i 0.010F I
£ 0.005" I I
V1T V2 Vi va Vs Ve
B

PO A [l o 25 A A i 52 {1 2% £
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1630 B s T B ¥ R 55 36 4
0.004 b e ST 1 5 W 7 T 2 5 P 22 1A
—1F
~ 0.002 — 6.2 B
g
0 528 TAE P LR 7 Tk — 25 TSR 5% -
2 (1) AR 3 1 JE7 2 S 96 R B L (H B fh T
~0.002¢ Yk 2 e R P 1 R R B S P i T v — 4
B TF R SR UME P A 40 A PR
0 1 2 3 4 5 6

B A / s
B 18 Rl AR AN [ B 2 1 R Bl

Fig. 18 Accelerations of different floors of business building

90

H 1] FR1E70 dB

60 - % [ FR1E67 dB

DL S o
30F o3 /T | B33

3
S

O_

30t

|

P

AR

NOOONO OO OOD

ABSA—SSNSINSSSNSSSISSSS

A ANANN T NOOOANOVON—OONO
——— NN N <t WV \O 00

HLE / Hz
BI19 Rk AR [ B J2 i sl e J32 9

Fig.19 Vibration acceleration level of different floors of

—60 L

business building

L% F AR SRR P 0 Rl R IR B R

6 ZitERE

6.1 4 &

B X b 2k ds A7 5 | R SR AR R R B ), A
SCHEST T A - R - - d SRR G sh 2
BOAL B 5E T MR 17 51 & - R R0 g SR BEIR 2 A=
RAERE A . Gl AR BEIE AT A3 B 4548 .

(1) 52 0 F% 38 BE in 3R BF oL 8 0 2R O 31.5~
80 Hz, 5 Wl % 18 BE VL, (& Kz R %) F ETE
70.3~71 dB, 5238 K VL, UAE 94.3~125 dB.

(2) Bl E i B I AE AR ) 1A% 3 |, 3k ) e
Vi A (LR 7 b 2 B I A AE — 2 W PR Bl O 5 Bk
5 3h 51O R AE 63 Hz &£ 47, HAKXF 80 Hz LA | 4
Bl B AT AR5 A WU R T, Bl A PR Bl A A B R RS 1Y
WK VLT A )N

(3 MRIZAT T, @HAE 12.5F1 63 Hz 2247 ¥
B RE AR A A R R o B R K z AR G
62.8 F1 69.6 dB, fx K 43 W Ik 9% 43 51 & 59.5 Fl 65.6
dB, 25 8 [ 5 b o R0 B (E, 3% B M k32 A7 %

(2) A St Sz A AT BROCHE B 3+ 55 4 ik T e ok, A
Je B 5 HH L 2 P AR DR Y DL e R T AT T AR T
PRI RCR . 550 AR SO g ol R I
LRAMELEH TR IR SERE TS T 2 it — 2 B R AR LM
P, DUSEORS B 3t B HULAR 30 78 4 A9 1% 46 <

S E X Hk:

(1] BhoHe R8T, 8558 . LA JL 338 2 5 1) 19 39 Tl b I %

B (TOD)BFFELT]. il iz i TR -5 f5 B 241z, 2004,
2(4):90-94.
LIN Yan, DENG Wei, GE Liang. Study on the urban
land use pattern based on transit oriented development
(TOD) []]. Journal of Transportation Engineering and
Information, 2004,2(4):90-94.

(2] fvid, Mo, P a4 3T TOD X i ALK A kit

3l MR [T]. 28 02 i TR 2 4, 2007, 7(3) -
106-110.
YU lJie, YANG Xiaoguang, YIN Rui, et al. Public
transport planning of developing city based on TOD
model[J]. Journal of Traffic and Transportation Engi-
neering, 2007,7(3): 106-110.

(3] My SCAm , B RS, V00, 55 B SC iy S A 0 = 2 P /R

ST Iy 2 P R I IR AT 5 B N A B (0] 4 8 AR A
#2,2020,33(6):1112-1121.
HE Wenfu, LUO Haojie, XU Hao, et al. Experimen-
tal study and application analysis of mechanical perfor-
mance of 3D isolation/vibration bearings along railway
lines[J]. Journal of Vibration Engineering, 2020, 33(6) :
1112-1121.

[4] YANG JJ, ZHU SY, ZHAI W M, et al. Prediction
and mitigation of train-induced vibrations of largescale
building constructed on subway tunnel [J]. Science of
the Total Environment, 2019, 668: 485-499.

(5] w7 is Bt de R 1, 45 . MU BRFR S 4R 3 %) i 5137 b

SR S 3 A [T ] TR M T 24l , 2019, 27(5) - 1116+
1121.
GAO Guangyun, GENG Jianlong, BI Junwei, et al.
Effect of subway induced environmental vibration on
building site through in-situ measurement[J]. Journal of
Engineering Geology, 2019, 27(5): 1116-1121.

(6] Thlekf, X047 X A=, 45 . Bk 41 4 4k 3l 2R 355 5 i) 73
M A A RT-TERT SR B[T]. A %51



# WRJE G, 45« Mo Bkiz AT 51 A ik A e SRR IR AR 3l B A 3 ML A B 5

1631

[8]

[9]

[11]

41, 2016,35(10) : 2131-2141

MA Longxiang, LIU Weining, LIU Weifeng, et al.
Sliced finite element-infinite element coupling model for
predicting environmental vibration induced by metro
train[J]. Chinese Journal of Rock Mechanics and Engi-
neering, 2016, 35(10): 2131-2141.

Krylov V 'V, Ferguson C. Calculation of low-frequency
ground vibrations from trains[J]. Applied
Acoustics, 1994, 42(3): 199-213.

Forrest ] A, Hunt H E M. A three-dimensional tunnel

railway

model for calculation of train-induced ground vibration
[J]. Journal of Sound and Vibration, 2006, 294 (4-5) :
678-705.

TR B NR, L AE R S AT A B T R
A e BT B AV PLE S5 R 9 3 1y o A [T] . R TR
##2,2016,38(2) :311-322.

YUAN Zonghao, CAI Yuanqgiang, SHI Li, et al. Re-
sponse of rail structure and circular tunnel in saturated
soil subjected to harmonic moving load[J]. Chinese Jour-
nal of Geotechnical Engineering,2016,38(2):311-322.
Hussein M F M, Francois S, Schevenels M, et al. The
fictitious force method for efficient calculation of vibra-
tion from a tunnel embedded in a multi-layered half-space
[J]. Journal of Sound and Vibration, 2014, 333(25) :
6996-7018.

WR, INEE, AR, S5 RORT A b i R O A RS
EiRcE- W L VAR R TR NN = = [ QR 3T
2015, 49(3): 511-521.

ZENG Chen, SUN Honglei, CAI Yuangqiang, et al. Dy-
namic response of lined tunnel in saturated soil due to
moving load [J]. Journal of Zhejiang University (Engi-
neering Science), 2015, 49(3): 511-521.
BRI, PO, A ST ek s R R Y S
g % 3 Ry B B 7 g i (7] TR R4 2 R CH AL
220, 2016, 44(9): 1384-1390.

DI Honggui, ZHOU Shunhua, SHAN Yao, et al. Solu-
tion for dynamic stress of saturated soil surrounding
shield tunnel based on modified shell-cylinder model
[J]. Journal of Tongji University (Natural Science) ,
2016, 44(9) : 1384-1390.

FHL WL, 1A 0 e H R ) D A 1 ) 3t B
ARSI SE M [T ] gRif A4, 2015, 37(4) : 80-86.
WEI Kai, YANG Fan, WANG Ping, et al. Influence
of frequency-dependent stiffness of rail pads on environ-
ment vibration induced by subway in tunnel[J]. Journal
of the China Railway Society, 2015, 37(4): 80-86.

R T VMU L AR A, 55 . Mk S 1] A2 8 B 8 IR 2y 5
5 B AP [T ], B 3R B RE 4, 2020,40(9)
4146-4154.

ZHENG Guochen, XU Hangli, QI Ai, et al. Field

measurement and numerical simulation on environmen-

[15]

[16]

[18]

[19]

[20]

[23]

[24]

tal and vibration effects induced by metro and ground
traffic loads[J]. China Environmental Science, 2020, 40
(9):4146-4154.

W TIE L R R O e L M R R AR S o L
I o M5 W S A3 A D). MR 5 R s 4 ), 2020, 40
(5):180-186.

GAO Guangyun, MU Zengyi, GENG lJianlong, et al.
Investigation of the effects of subway induced environ-
mental vibration on proposed residential and office build-
ings through in-situ measurement[J]. Noise and Vibra-
tion Control,2020,40(5) : 180-186.

TETR B L AR P BROG  Hl Bk AIR 20 0T A A 5 1) R T
S 9 5% e B 5T [T]. 8 SR 45 4 2 i, 2023, 44 (3) -
122-129.

HUA Yumeng, XIE Weiping, CHEN Bin. Research on
influence of metro vibration on vertical floor response of
buildings[J]. Journal of Building Structures, 2023,44(3) :
122-129.

Kurzweil L. G. Ground-borne noise and vibration from
underground rail systems[J]. Journal of Sound and Vi-
bration, 1979, 66(3): 363-370.

Lh52 X4, F SO . AR T RS Y 3 Bk R 3 9 A
AP PR R (7] AR50 L 2012,25(6) :65-69.
MA Meng, LIU Weining, WANG Wenbin. Dynamic
prediction and evaluation system based on sensitivity of
environmental vibration induced by metro trains[J]. Ur-
ban Rapid Rail Transit,2012,25(6):65-69.

BN EW-ER A S B IM AR dEat
Freg b ik, 2015.

ZHAT Wanming. Vehicle-track Coupled Dynamics: Vol-
ume 1[M]. 4th ed. Beijing: Science Press, 2015.

ZHAT W M, SUN X. A detailed model for investigat-
ing vertical interaction between railway vehicle and track
[J]. Vehicle System Dynamics, 1994, 23: 603-615.
CHEN Z W, ZHU G. Dynamic evaluation on ride com-
fort of metro vehicle considering structural flexibility[J].
Archives of Civil and Mechanical Engineering, 2021, 21
(4):1-16.

CHEN Z W. Evaluation of longitudinal connected track
under combined action of running train and long-term
bridge deformation[J]. Journal of Vibration and Con-
trol, 2020, 26(7-8): 599-609.

CHEN Z W, FANG H. An alternative solution of train-
track dynamic interaction[J]. Shock and Vibration,
2019, 2019: 1859261.

A, XA, SRR =4 BOR SR T R SRR
KGR R IELT]. TR 1%, 2007, 24(12): 31-37.
GU Yin, LIU Jingbo, DU Yixin. 3D consistent viscous-
spring artificial boundary and viscous-spring boundary el-
ement[J]. Engineering Mechanics, 2007, 24(12): 31-37.
BB . AT BROT S5 M 2 A7 2 )2 00 AT 5 0 5T K



1632

%36 &

[D]. 1. B R, 2015.
MIAO Xingiang. Research and application of multi-layer
parallel computing approach for finite element structural

analysis[ D]. Shanghai: Shanghai Jiao Tong University,

[27]

—88[S]. Beijing: Standards Press of China, 1989.

rfrde N R A B R 2 A . kol sg )
L S IR 2 5 U I 7S BR A B L O i A
#i: JGI/T 170—2009[S]. db 5t v g 50 Toll i bt

2015.
[E KR B AR 40 R . BT DX BR B 4R sh AR v - GB 10070
—88[ST. dbat . b ot AL, 1989.

State Environmental Protection Administration. Stan-

1, 2009.

MOHURD. Standard for limit and measuring method of
building vibration and secondary noise caused by urban
rail transit: JGJ/T 170—2009[S]. Beijing: China Ar-
chitecture &. Building Press, 2009.

[26]

dard of environmental vibration in urban area: GB 10070

Low-frequency microvibration and its transfer law of nearby building group

caused by running metro train

CHEN Zhao~wei', XU Hong", YIN Qiang’, ZHU Sheng-yang’
(1.School of Mechanotronics and Vehicle Engineering, Chongqing Jiaotong University, Chongqing 400074, China;
2.China Railway Eryuan Engineering Group Co., Ltd., Chengdu 610036, China;
3.State Key Laboratory of Traction Power, Southwest Jiaotong University, Chengdu 610031, China)

Abstract: With the rapid development of building groups, the low-frequency microvibration caused by running metro train has be-
come a serious problem. Aiming at a practical building group in Chengdu, the influences of running train on soil vibration and build-
ing vibration are investigated. A detailed train-track-tunnel-soil-building group coupled dynamic model is established by considering
the nonlinear wheel-rail dynamic interaction, the layered structure of soil and the soil-building interaction. A field test is conducted
to study the source strength of metro system, which is also adopted to validate the dynamic model. On this basis, the train-induced
soil vibration and local vibration at interface of different layers are studied. The influence of running train on building group is evalu-
ated. Results show that, the established dynamic model is effective to solve low-frequency microvibration caused by running train.
The predominant frequency of tested tunnel acceleration is 31.5~80 Hz, the VL, of tunnel wall is 70.3~71 dB, and the VL,
of track bed 1s 94.3~125 dB. When the wave travels upwards in soil, the energy is absorbed while vibration nearby earth surface is
amplified. Soil can absorb vibration above 80 Hz, and with the lateral distance increases, VL, decreases linearly. The train-in-

duced building vibration is not beyond the limit values. Conclusions provide vibration control theory for building groups.
Key words: vehicle-track coupled dynamics; metro; low-frequency vibration;environmental vibration;building group; field test
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