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Isolation Performance Analysis of Waste Tire
Wall on Vibration Caused by Subway Trains

JIN Qiao,WU Mengjiao,SUN Li

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

Abstract; In order to reduce the vibration interference of environmental vibration induced by
subway train operation to buildings along the line, the vibration isolation effect of setting waste
rubber tire vibration isolation wall ( WRTVIW ) in vibrating soil layers is studied. Based on the
ABAQUS platform,the ¢ Soil-Tunnel-WRTVIW ’ model is established. The train excitation load
is expressed by the simple harmonic excitation function,and the VDLOAD subroutine is compiled
to realize the application of moving load, which can simulate the vibration load effect of subway
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train operation. By these methods, the vibration isolation performance of the WRTVIW under
different influence factors, such as wall thickness, wall depth, wall length, wall position, row
number and filling material properties,is studied. The simulation results show that: When the wall
depth reaches or exceeds the buried depth of tunnel, the vibration isolation effect is better;
Thickness of the WRTVIW has little impact on the vibration isolation effect; When length of the
WRTVIW is 100 m or 10 times the distance between the vibration isolation wall and the vibration
source ,the vibration isolation function can be exerted ; The optimal spacing between the WRTVIW
and the vibration source should be set to 1. 25 ~ 1. 875 times the buried depth of tunnel; The more
rows of the WRTVIW | the better the vibration isolation effect; The WRTVIW composed of rigid
filling materials is more suitable for soft soil sites, while the one composed of flexible filling
materials is more suitable for hard soil sites. It concludes that, when solving the problem of
environmental vibration interference along the subway, the method of setting the WRTVIW
between the vibration-proof structure and the track vibration source can block the propagation path
of the subway track vibration,so as to achieve the purpose of reducing and isolating the harmful
environmental vibration. Meanwhile , this method has the characteristics of minimal environmental
hazards, high engineering practicability and feasibility ,and good economy.

Key words: subway vibration; finite element analysis; vibration isolation measures; vibration
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Fig.3 Model diagram of the vibration isolation wall
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Table 1 The parameters of vibration isolation wall

PR, W/ ByYIEE/
W) EL/N=A
kg:m™) (m-s')
L4 150 0.35 1500 32
WERA 200 0.3 1 800 219
R IA AL 12 0.4 80 129
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Table 2 The parameters of soil layer
w2 2 LRRE/m EEE/ (kgem ) MMERIRE/MPa AL REEEEA/(°)  BTLIMEE/ (mesT!)

B+t 0-~3 1 800 110 0.35 25 165
|7k 3~16 1 800 180 0.30 37 208
1% el 16 ~45 1810 200 0.30 39 219
HWHE  45~60 2 400 240 0.25 39 225
et 0-~3 1760 18 0.35 25 68

bick) 3~16 1 800 80 0.30 37 138.7
ipa) 16 ~45 1 800 180 0.30 37 208

I3

BRI 45 ~60 1810 200 0.30 39 219
At 0~3 1750 18 0.35 15 65

mEE+  3~16 1 800 20 0.30 25 65.4

. HLED 16 ~45 1 800 80 0.30 37 138.7
> ¥ 45 ~60 1810 200 0.30 39 219
M+ 0~3 1750 18 0.35 15 65

o OBEFL 3-~16 1 800 20 0.30 25 65.4
W e 5 16 ~45 1 800 20 0.30 37 70
el 45 ~60 1810 200 0.30 39 219
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Fig.5 The time history curve of subway vibration
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- IRWE - MEHHKL
—o— MEPEL - VEKL:

g
n

KA R/dB
[ ]
(=]

1.5
1.0
0.5 . L . . !
0 10 20 30 40 50
PEBS/m
(ayKFHBABIR

0 1.0 2.0 3.0 4.0 5.0
PEE/m
(b) B Fa i A8 %

B 12 AR GRS R

Fig. 12 The insertion loss( flexible filling materials )

A 11 BT 12 A 7 26 b iV
KRG 24T, el W JE e R 2 1)
WA 1R 45 46T 70 S ) 1 59 1 8% i) 41 59 494 BEL P R
Bty K1) | W a4 A0 R AR AE 53 )38
$]3.33 dB F14.87 dB, X T Hi 1k 55 44
ARFZEL B B P 588 1T 5, LR K P31 41 7
VEFITE 1 2808 3 25 F TR 3%, ek
il AFR W AE A 3. 27 dB; X T 1% ] 4R 55
FOAEIAE T, I 7E T 2808 0 1 25 il + 37
b5 ST A R, S AR AT R AR AE
4.10 dB. FH NI S5 78 A4 ) 2H B A B 41 358 T
AN AR b i M A R 4l
A B i 8 T3S B AR RE 3k

4 75 i

(1) Bl B B 4 B it R IR AU A &

s LA IR U 38 %7 38 28] il e 3k

B SRR B AN = 5 L LA T moak 1 %
R ERA N, 85K VK T 45 100 m (5

10 f PR Hess S5 PRI R .

(2) B i 38 B 07 BN % B8 bk g i
HPR, A5 R LA oL 9 K OF- R B AR
10 ~ 15 m, SRR IEHETRAY 1. 25 ~ 1. 875 1%,

(3) B s i3 B HEEO £ 2 iR sl
TEIAE R, s 2 ~3 HE,

(4) BERES N3 T84 B BE£E N 5 18
Ei R w3 N (e L R L /1B L i
FE, MR P R - S b U e R NS 7T

[1] XUEY, LI S, ZHANG D, et al. Vibration
characteristics in subway operation and
environmental responses of ancient buildings
[J]. Polish journal of environmental studies,
2014,23(1) :231 -241.

(2] G BUERA S 2 [ M. L B
Jit,2007.

(ZHAI Wanming. Orbital coupling dynamics
[ M]. Beijing : Science Press,2007. )

[3] BOWE CJ, MULLARKEY T P. Wheel-rail
contact elements incorporating irregularities
[J]. Advances in engineering software, 2005,



53 4] &

25 - 2 B i e I35 X 3t B 50 ) B i P R 2 ) 23 A 491

[10]

[11]

[12]

[13]

36(11/12) .827 - 837.

THOMPSON D. Railway noise and vibration:
mechanisms, modelling and means of control
[ M]. UK. Oxford, Elsevier Science,2009.
PMGERT, XVAE T SR A P EARE 254 7
Sl I B0 T S el R b R[]
2RHEAAR,2005(8) 165 - 69.

(SUN Xiaojing,LIU Weining ,ZHANG Baocai.
Application of floating slab track framework
for vibration and noise control in urban rail
traffic [ J]. China safety science journal,2005
(8):65-69.)

R, MR 20 X 15 400 0 A0 552 ) B 4 ol
WA T]. B ,2021(2) ;124 - 129.
(REN Wei. Analysis of control measures for
metro vibration and its impact on museum
building [ J]. Museum ,2021(2) ;124 -129.)
FIALA P, DEGRANDE G, AUGUSZTINOVICZ
E. Numerical modelling of ground-borne noise
and vibration in buildings due to surface rail
traffic [J]. Journal of sound and vibration,
2007,301(3/4/5) .718 - 738.

ANDERSEN L ,NIELSEN S R K. Reduction of
ground vibration by means of barriers or soil
improvement along a railway tract [J]. Soil
dynamic and earthquake engineering, 2005, 25
(27):701 -716.

e B 88 i S B o e 2k 51 AR A3 4 ) B 41 2
AT D] dbat: SRl KA, 2020.

(QU Yang. Study on vibration isolation effect
of vibration isolation barrier on low frequency
vibration of subway train [ D]. Beijing; Beijing
Jiaotong University,2020. )

SR, MR 45 R A 3 T AIR Bl B B IR 1
SB[ D], bt JE st S K2, 2009.

(LI Runde. Research on ground vibration and
vibration isolation measures caused by subway
train  [D]. Beijing; Beijing Jiaotong
University ,2009. )

KHAN R A,SHALABY A. Performance of a
road base constructed with shredded rubber
tires [C]//The proceeding of annual
conference. Montreal, Quebec, Canada;
Canadian Society for Civil Engineering,2002 .
2513 -2522.

AT . R IHEE IR TE AR TR i N 255
[J]. B 5 R H ,2013(2) : 175.

(GUO Yongqing. A review of the application
of waste tires in civil engineering [ J]. Science
and technology innovation and application,
2013,(2):175.)

ZEWAUN. &3k 552 1H %6 i TRl ) P 22 56 B
RELT]. PRSI R 237 ,2013,6(3)
40 —44.

( LI Xiangzhou. Experience and reference of
waste tire recycling in developed countries

[15]

[16]

[17]

[18]

[20]

[J]. Renewable resources and circular
economy,2013,6(3) .40 -44.)
TR, HEESE T, 55 RIS
M HBREAT FRIT AT [ ] Dk B SRR 2 2 4l
(FARBHERR) ,2019,35(5) 867 - 874.
(WANG Fengchi, TIAN Peipei, FENG Xuning,
et al. Finite element analysis of structural
foundation of waste rubber tire [ J]. Journal of
Shenyang jianzhu university ( natural science) ,
2019,35(5) .867 -874. )
M. AN AT H kg 4 5 |k Y 3R
il s KR IR A5k S 4y BT [ D] K
B VU R A I K2 ,2019.
( YANG Shangfu. Analysis of environmental
vibration and secondary structure noise caused
by subway trains under different soil conditions
[ D]. Chengdu; Southwest Jiaotong University,
2019.)
TR, B DN e R R Sl £ A A
FUWFFE[ T]. BRIE44R ,2006,28(4) :89 —94.
( LIANG Bo, LUO Hong, SUN Changxin.
Simulation study on vibration load of high-
speed railway [ J]. Journal of the China railway
society,2006,28(4) :89 -94. )
S TR, R T £ R B v L R B R
TERARDIFE[ D] 2GB0 BOUH TR 2018,
(SU Weidong. Study on vibration damping of
children’s beds and vibration isolation ditches
in private houses along heavy-haul railway
[D]. Wuhan: Wuhan  University of
Technology,2018. )
P el 96 o A A, 0 P vy K B8 P10 AN T
I BRAR R LE 234 [ 0] BRI A4 2015,
37(3) .64 -71.
('TIAN Guoying,GAO Jianmin,ZHAI Wanming.
Comparative analysis of track irregularity
management standards for high-speed railways
[J]. Journal of the China railway society,
2015,37(3) :64 -71.)
AEELI R R, ZERKES A ST A Sl
ST N T IR M B/ 'aB T PN o = 88
2011,28(5) .83 - 87.
(LI Zaiwei,LIAN Songliang, LI Qiuling, et al.
Characteristic analysis of track irregularity
spectrum of urban rail transit [ J]. Journal of
east China jiaotong university,2011,28 (5) .
83-87.)
XS . b B A 0 B ) 2 31 Sl o 4 S i SR )
S B PR IRAEREMTTE [ D . bt Jb st 32 ok
2% .20109.
(ZHAO Yanhui. Study on the influence of train
vibration on neighboring buildings in metro
depot and vibration isolation measures [ D].
Beijing : Beijing Jiaotong University ,2019. )
(DS XL JESCH I Il )



