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Abstract: A coupled model of a double-line subway train-track-foundation soil was established on
the basis of 2.5D FEM to study the vibration isolation effect of the isolation trench during double-
line subway operation. The model addresses the problems introduced by the simplification of track
structures into an Euler beam on an elastic foundation and introduces the dynamic parameters of
the actual rail. The model was used to analyze the vibration isolation effect of the isolation trench
on the surrounding foundation under double-line subway train load. The vibration damping charac-

teristics of open and in-filled trenches were compared, and the trench factors that influence isola-
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tion were systematically analyzed.Results showed that under the double-line subway load. the in-

filled trench had better isolation and engineering practicality than the open trench. The in-filled

trench can exert a good damping effect even with a reduced ditch depth.In addition, the isolation

effect can be improved by increasing the depth and width of the in-filled trench.The results of the

present work can provide useful reference for the vibration isolation design and construction of

double-line subways in the future.
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Fig.2 Point load verification model
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Fig.3 Foundation vibration displacement at

1 m below moving point load
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Fig.4 Overall foundation model for metro load verification

*1 BERSSHBRMESH

Table 1 Parameters of tunnel system and layered foundation
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Fig.5 Local model for metro load verification
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Table 2 Concrete parameters of in-filled trench
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Fig.8 Ground vertical displacement curves under

different vibration isolation measures

80
75 kana
70
65

—— Jokik
—o— TVREIR

—a— FFEARE R

60
55
50
45+
40
35
30
25
20
15

Max,v./dB

0 5 10 15

1 1

1 1 1 1
20 25 30 35 40 45 50

x/m
A9 TRRBHKLET OGS SR E TR K
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different vibration isolation measures
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at different depths

42 HERAEEHHMN

A EBUA SE w 8 1.0 m,1.5 m,2.0 m =FFT.
LW PO T =195 m &b, iHE 45 R W
P12 B o oh AT R0, A 50 B R 3 1 58V B

I 355 S Bt 7 9 A8 AR K s 6 V8 IR S 3 BN L TR
IR AR 22 SRR S B o B R RBE T R,

w=1.0 5 w=2.0 m JERIF W A 22 {H K0Tk
20 %0 » 1 W 1) T Xof SEL S VA U A AR B 5 e o AR R
FEVE R o R IE T 78 IR B R0 B S 3 V) 9 AR AR
AR A BE S 0F Fe i WA B0 R TR P ATl 2
kiﬁﬁiﬁJJ“Lj%’“ﬁ%%ﬁ%ﬁﬁﬂwﬁlﬂ%xﬁz% X 5
I S R ST S5 e MAT

1.0 T T T T T T T T T

0.9

0.8
~ 0.7

~

0.6

0.5

0.4 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50

x/m

B 12 RRRAETHELALBRLE
Fig.12 Vibration isolation effect of in-filled trench

with different widths

5 %Hig

AR SO 25 1) SEUIE I B B IR AT AL AT T RS
RIS R TE T AN [7) Bl 1 70 19 B IR 28R | 5 % B 5T 9
AR R N R AT T 2R . AR AR E
L e DI RS AR

(1) Joig e 75 i B b P A il b 3% 91k 30 5 1 i
KA BT B B I Oy s R AL . R 251
P I P S S50 40y %8 B T TR o S S s A I e B AR
XALF G 10 m JEHN . SEbr TR, 250 5 52
Wb R K A RS, TR AR E M I IR AN o

(2) SFUFE R 70 B A bk Vi R A 289 A o R 0OR
I AERR R XA FYART 5 m, ¥ 5 10 m 3 B P, X B
AR TR TUFE 8 S5 AR B IR R A A A 5 28 5 L A 4% )
BT = WRAR. B AR 18 98 5 4 b Ik 5
W], Bl 0 R /N L ATS 8 T IR 2l 4x X e T LA
3 P S G

(3) 34 RIFUFEIB TR 98 i , 3078 1) Dol I 80 SR

TR . 5 B PR AR VA I T8 TR 5 T8 B B IR 2K
SO AN WA 5 980 J DX 38, T A 98 J3E X b Dl i 52
Wi B2 R o SFCTE 9 7 T8 TR /0N I i 2 4 5 1) b

ARVE



CRIE-RiAE. T OB DU M R T AR T R A G 5 15
1470-1479.
. I = el =% S LA RTA DS 7 N 171 & Y

% % 3 i (References) (81 GRS 6632 J2 A 1 5 X0 6091 4 30 4 6

W e LAl . . N . PRSI 8 A )% 5 TR 4R, 2014, 33(1) : 144-153.
CUT TR AP W MBI % G 2R B9 M 9 HORBIGELY L 0 5 LR ’
. CHEN G i,GAO Gua . Vibration S ing Effect of
7 AT 40 [ 02 T B2 4 2016 38(6) : 889-895. ongqi uangyun. Vibration Screening ect o
. . . . In-filled Trenches on Train Dynamic Loads of Geometric Irreg-
DING Zhi, LI Danwei, XIE Zongxing, et al. Dynamic Stress
L . . . ular Track in Layered Grounds[]].Chinese Journal of Rock
Characteristics of Viscoelastic Foundations under Subway
Mechanics and Engineering,2014,33(1) :144-153.
Train Loads[]].China Earthquake Engineering Journal,2016. L o
18(6) .880-805 (9] w78 AR . 227 S A M B 4258 47 51 /Y i T 4R
R o A SRR 4T ). 45 4 1% .2011,32(7) :2191-2198,
(2] T PGB IET 2.5 4645 BR oG )7 % 1031 4 4% 3 X e ) )
) ) . . GAO Guangyun, HE Junfeng.LI Ning,et al. Analysis of Isola-
PrWEoe 5 e ST ] BUACBR B £ AR . 2016,53(6) - 1-11. . o ' 4
ting Ground Vibration Induced by Trains Running on Saturat-
DING Zhi, LI Danwei, WEI Xinjiang. Studies and Prospects of
ed Ground[]].Rock and Soil Mechanics, 2011, 32(7):2191-
Train Vibration and Vibration Isolation Based on 2.5D Finite- 2108
Element Method[ J].Modern Tunnelling Technology,2016,53 [10] TH.()MPS‘()N D J,JIANG J, TOWARD M G R, et al. Mitig
S , 5T 5 R, et al. Mitiga-
(6):1-11.
. o . tion of Railway-induced Vibration by Using Subgrade Stiffe-
3 ) S A G 2k B A v R R RE Y Y b s 4 B A b

(3] Mkt 15 8. 3 R LA 10 4 4 4095 o o 15 S0 A ning[ J J. Soil Dynamics and Earthquake Engineering, 2015,
(1) 9&3h 5 vhifi . 2010,29(3) 2 113-117. 79.89103
GENG Chuanzhi, WANG Weipeng. Simulation on Vibration- [11] ﬂl?)&l@ffﬁﬁ SET 2.5 AT R IE I VR AR B B 4 2 B Ak
Reduction Performance of Different Subway Elastic Fasteners MO ST AT 2 5 T4 2006, 25(11) £ 2335-2342

. - L E ’ 24O 1L L .
under Wheel Load Drop[]].Journal of Vibration and Shock, BIAN Xuecheng, CHEN Yunmin, Ground Vibration Genera-
2010,29(3) : 113-117. ted by Train Moving Loadings Using 2.5D Finite Element

C4 VRENT. 3 Wee . B ITAE. Mo B 7 A O PRISE R 50 S 9 I8 245 4 D Method[ ] ].Chinese Journal of Rock Mechanics and Engineer-
SrHTLI] R 5 AR Bl 5 . 201434 (4)  178-183. ing» 2006,25(11)  2335-2342
TU Qinming, LEI Xiaoyan, MAO Shunmao. Analyses of Sub- [12] 32, M 20 116 36T 2.5 4 A7 B 5T J7 12 4 400 25 ok 51) 22
way Induced Environment Vibration and Vibration Reduction AR A ()P E RN G R R Sy Rk
of Rail Track Structure[ J].Noise and Vibration Control,2014, 2008.38(5) :600-617
34(4):178-183. BIAN Xuecheng, CHEN Yunmin, HU Ting.Numerical Simu-

(5T SRR XUMS A . 4 TR S5 B0 M Bk 15 2 PP S AL B il A ¢ lation of High-speed Train Induced Ground Vibrations Using
SRt e A # )] BRGE HE51.2013(10) : 80-83. 2.5D Finite Element Approach[J].Science in China Series G
ZHANG Li, LIU Penghui, YANG Yigian, et al. Analysis of Physics, Mechanics and Astronomy,2008,38(5):600-617.
Floating Slab Track Vibration Damping Effect by Hangzhou [13] EASON G.The Stresses Produced in a Semi-infinite Solid by a
Metro Line 1[J].Railway Engineering,2013(10):80-83. Moving Surface Force[ ]].International Journal of Engineering

[6] TR, EZ, e T, 45 5 X b Bk A 5] 5 20 90 41 2l sk Sciences,1965,2(6) :581-609.

S0 £ TR 2R . 2017, 39 (7 2) :220-223. (147 32 A, 2 3 5 4232 30 7 406 FRF 35 g 388 1) 301 7 o0 7 4%
DING Zhi, WANG Yongan, GU Xiaowei, et al. Vibration of FrLD1. M < 87 7T K 2%, 2005.

Different Types of Tracks of Subway in Soft Soil[ ] ].Chinese BIAN Xuecheng. Dynamic Analyses of Ground and Tunnel
Journal of Geotechnical Engineering, 2017, 39 ( Supp2) : 220- Responses due to High-speed Train Moving Loads[ D].Hang-
223. zhou: Zhejiang University,2005.

[7] 3580 300 0 R bk D A2 far 2R VR T T 338 R 58 A+ [15] WOODS R D.Screening of Surface Waves in Soils[J].Journal
PR Eh J1 0 B2y B (0] 40 012 5 TR 2E 41, 2015, 34(7) : 1470~ of the Soil Mechanics and Foundations Division, American So-
1479. ciety of Civil Engineering,1968,94(4):951-979.

YUAN Zonghao. CAI Yuangiang. ZENG Chen. Dynamic Re- [16] BARBOSA J,ALVES COSTA P,CALCADA R.Abatement

sponse of Track System and Underground Railway Tunnel in
Saturated Soil Subjected to Moving Train Loads[ ]J]. Chinese
Journal of Rock Mechanics and Engineering, 2015, 34 (7).

of Railway Induced Vibrations: Numerical Comparison of
Trench Solutions[ J].Engineering Analysis with Boundary El-
ements,2015,55:122-139.



