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Simulation and prediction for environment vibration induced by urban rail
transit with elevated line
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Abstract: Firstly, on the basis of wheel-track interaction theory, a function of exciting force of moving train on elevated line is
established. Then, the exciting force is acted on the three-dimensional numerical models of rail structure, elevated line and soil
foundation by utilizing the finite element software. The surrounding environment vibration response caused by train operation is
simulated; and the numerical results are compared and verified by the field measurement data. Furthermore, the parameter effects of
length of bridge span, train speed and soil properties on environment vibration are studied. On the basis of investigation of parameter
influence characters and according to the statistical analysis, a prediction formula of vibration level on ground induced by urban rail
transit with elevated line is presented and validated by the field experiments. The research results show that the numerical simulation
and prediction can truly reflect the actual environment vibration caused by urban rail transit with elevated line.

Key words: urban rail transit; elevated line; environment vibration; simulation; prediction model

a2 SRA IR B T AN IR . il

B A LT B A BAT A e, R R
WA PE EANILRATE L, WENE O, RN, 5 i A 4R
FRUKIG R —HE, S RO AL TRB R AR T s s s, LT URAcii & 2 0 4 SURH A
R BRI EEARER . BRI IO T35 R iR RN JR . B3 A 4R R P A
Ko BUEASEDBUER K. BT, AT (AR m RO R, 1 FL 2 e
S BRI E M EETR . HRIERN 8 AN SRR . Btk BFOR

ks H I 2013-03-25

FLTH: THRA SRS H (No.1101000115); %K E ARl & ¥ BT H (No.51008158, No.41102229); A [EE -+ 5 Bl 4% B3t H
(N0.2012M520133).

FEEWAN: IKRESAE, B, 1980 4E4E, f4t)5. E-mail: zhanghn 001@163.com



434 E2

b 2013 4

AT F IR e s (R 5 Je i, e ikt
BUESSE RS B AIZE AR, PRAE TR
Sk a, COEMTIAEE TR, SRR AR R
o e T LA B R A R SR AR st

PEBEE T OB SR I B, AR EAE
Tob 2 BRI AZ T 25 g B S OBOR 8 M A5 BN T o
S0 il P ESIR ) e PO S v s 7R B e R Pl
Mo X SRS e T RS 7T IR A
DBERLIEE ST, IR ATE i B B A B IR Bl T
FUPEOE T LR . WISTHR2- 61 AN MBI . AN
SRLRS RIS AT e AR i IR R B kAT TN
AT AR, T PUESSEIE AT 5 R B R
B G LR AR MDA TR I R . AR
IR AN G54 BRI B IR By s AR
RS T2 M R R 4Rl P
BR, SEFHEM R E L X 2R,

RSB TR B AR SR 3 T i
AL T 1o AR 8 A Ay BRIl R A SR AT BT AR
PR T TP TE A i AR 2k DU SRS 5 Ak
T IREL AR ARV B, XA R HEAT T HUE
UECIE =205y TR A SV e Ak 7/ b i
T AR A ISR e s TN 2 5, IR T I 1856
Hep R I 22 ARG AT T gk

2 BT g e PR AR

BT AN ST A 20 RN 13 R G iR B 1 32 R
Jih R s 5 WA - AR B AR ) 1 32 B R R A T
FNE AT NTORR RI8E TR BERE O, o 9 [ 2k B A
Dy BRI KRR FCRI L5 TAER BT, By
B EEHIAE0.5~10 Hz, 30~60 Hzf 100~
400 Hz 34 AT H .
A IR, ASCRH—ANEL RS g
HORBA SN SRS F (1), nTUARIR A
F(t)=F, + Bsinot+ P, sinw,t + Psinog (1)
SIZERRA B T UL S s v RSRS), B
B3 AR ITE B B RN A Y. o A N PR i 20 i 280
(=W
P=Ma0’ (2
o =21~ 3
L

X B ONET Y, FORTREEG By B
S E s 1 I VAR B VTRt 0] B il A
AEFP IR SRR RS AT M, AR
TR o WPUEILATAPIR - o, A AFEZEE R

ANPGRS IR AR s v R A8 AT IS s L,
AR T 3R T - AR B i OB K
MWRHE (1D ~ (3D, 2HIERAS0. 55, 60,
65+ 70 80 knv/h 6FF AR 2= N LM AT e ZH B
NTE AT I A R AR DG , ORI e H P=80 kN,
R R R EM=T50 kg S5 AT, X
N TR 3 a AR, 23 LA PR Bl
KA S B : L= 10 m, a,=3.5 mm; L,=2 m,
a:=0.4mm; L;=0.5m, @;=0.08 mm. XFf, W LI#
FXF N T AN ZEE S o 0, F1EH 0, &
AN RS AT #RAE P, « PRIPy, WIF2FT/R.

Rl PUELAAFIE

Table 1 Track irregularity values

I hbRE Wk L /m K15 a /mm
50 16
. , 20 9
FATZEFRE (1)
10 5
5 25
e B2 L 1sh 2 0.6
e (1D 1 0.3
0.5 0.1
BWIEEERE (1D
0.05 0.05
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Table 2 Dynamic loading (frequency and amplitude) at
different speeds

LB Py P, Py i A (&2

/(km/h) /KN /KN /KN /Hz /Hz /Hz
50 0.20 2.28 1.83 8.72 43.61 174.44
55 0.24 2.76 2.21 9.59 4797 191.89
60 0.29 3.29 2.63 10.47 52.33 209.33
65 0.34 3.86 3.09 11.34 56.69 226.78
70 0.39 4.47 3.58 12.21 61.06 24422
80 0.51 5.84 4.67 13.96 69.78 279.11
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Fig.1 Calculation model of elevated line
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Fig.2 Calculation model of Pier and soil foundation for
elevated line
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Table 3 Parameters of soils

SRR S I
HfAtE  BHJEt

/s /Pa [kg/m®)
1 #Aat 0.15 4.0x10’ 2.4x10° 0.2 0.02
2 wt 0.25 3.5x10’ 2.3x10° 0.225 0.04
3 kot 0.35 3.0x10’ 2.2x10° 0.25 0.06
4 RBEFL 045 2.5x10’ 2.1x10° 0.275 0.08
5 MEEL 050 2.0x10’ 2.0x10° 0.30 0.1
6 MEEtL 055 1.5%10’ 1.9x10° 0.325 0.15
7 it 0.60 1.0x10’ 1.8x10° 0.35 0.2
8 it 0.70 0.1x10’ 1.6x10° 0.4 0.3
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Fig.3 Vertical vibrations of ground under standard parameters
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Fig.4 Comparisons of calculated and observed time

histories of accelerations
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Fig.5 Comparisons of calculated and observed

vibration levels

4.3 AEARSHISERM DT

TP ARAN RIS T« 4] A PR AN Ml R Y S
UL N A B IRB R AT 73 v 5

Bl 6 MRS AL, AL S HI I briEf A
UL K A 3 e s (1040 25 B 0 1) S 00 Hh 2k o
MEFFRTLUE B RS IR, S35k
(Kot ffe s A7 8GOS, S0 60 m i AR
B e =Rl FE MR 5 R b i PR sh Kk 20 dB,
FIZETE L 15 m B FEAFEE RN 30 m 5 B 42 5 RS (3
MRS ZEAK, P4l 7.5 m 5 ARG DK
b Pz fz /1N o

SUPSPIKSTEY % AR e 2 SR AR VAN
UL B Bz IR IR e Bt B 13l i 2. A
FIFPRTAE B S 2R L TR, i e
PN EELR

P8 0 AN [r) e SISt B - 2, HAR S K
ARHERI TS OU R, A d el (K4 2 B s
SER M . M PRI LUA Y, e s I,
o, ARG DRI IS, AN R Mk
PR RIN B 45 [ R T e S S A A A A AL .

—a—d=75m
—e—d=15m
——d=30m
—¥—d=60 m

Hk/dB

0 10 20 30 40 50 60 70 80 90 100
B 25 /m

Eo BraLEs BARiLT EHT B diRzh T

Fig.6 Vibration attenuations under different bridge spans
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Fig.7 Vibration attenuations under different train speeds
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Fig.8 Vibration attenuations under different soil properties
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Fig.9 Comparisons of calculated vibration levels by
predicted model and the observations
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