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Ground vibration test of the Zhengzhou-Xi’an high-speed railway
and analyses of the vibration isolation trench effect

SONG Yulan, YANG Lizhong
(Faculty of Geosciences and Environmental Engineering, Southwest Jiaotong University,
Chengdu, Sichuan 610031, China)

Abstract: The dynamic load of high-speed railway train can cause environmental vibration problems. In order to
study the environmental vibration effect caused on the viaduct bridge section and embankment section by high-
speed train, the field test of the Zhengzhou - Xi’an high-speed railway is carried out, and the ground vibration
characteristics and attenuation law of viaduct bridge section and embankment section are compared and analyzed.
The test results show that the vibration response of the embankment section is greater than that of the viaduct
bridge section, and the attenuation effect in the near-field area of the viaduct bridge section is higher than that in
the near-field area of the embankment section. There are multiple rebound increases in the process of vibration
propagation, and the ground vibration rebound of the embankment section lags behind that of the viaduct bridge
section. The increase rate of secondary rebound in the viaduct bridge section and embankment section is

significantly greater than that of primary rebound. The attenuation of Z vibration level with the distance conforms
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to the law of logarithmic attenuation. The Z vibration level attenuation formula in the loess area is obtained by

fitting, and the maximum deviation appears in the rebound increasing area. The infinite element-viscoelastic

coupling boundary is introduced to establish a 3D track-soil-vibration isolation trench numerical model of the

embankment section. The influence of vibration isolation trench on vibration reduction and isolation of high-speed

railway is analyzed. The results show that the vibration isolation effect of empty trench on the medium and high

frequency (30 - 60 Hz) vibration wave is more obvious than that of low frequency (1 - 20 Hz), and it has the

function of low-pass filtering. The vibration isolation effect of empty trench is better than that of filled trench, but

soft materials can be filled in the trench considering the stability of trench walls. The research results can provide

references for the design of high-speed railway and the evaluation and control of environmental vibration.

Keywords: high-speed railway; ground vibration; in-site measurement; vibration isolation effect; spectrum

analysis
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SR 2 400 32 500 0.17 / /
FERE)Z 2 000 180 0.25 70 27
SRR 1950 110 0.25 50 23

e+ A BT YRR 38.76 MPa, 25550 B 250 m/s
% &SN 2l P AE B AR T B RR I S AN & AR SR, AR SC
K FH Fi R BHJE & S RBRE , FHJE R4 o B 0.616, B
B2 0.000 31214, 34 N 3EL 30 M4 Ak 56 FH 8 DL TR A R,
FIBCREE+ R A R AR, M
BESEL% 4,

F4 ERMHSH

Table 4 Filling material parameters

B3 HE/(kgm?)  EESE/MPa ML L
TREE L 2500 28 000 0.20 0.05
14 1150 6.8 0.47 0.32
aE 900 800 0.41 0.20
WKL 500 400 0.38 0.25
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Fig. 13 Application of fastener preload
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X1 it T 25 0V Y X T = A 1), o, 114 UM Y B
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Fig. 14 Viscoelasticity and infinite element boundaries
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P(t) = Py + P, sin(w,t) + P, sin(w,t) + Pysin(wst)  (11)
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2ny
w; = Tl (13)
Kb P—— LR HREUKN;
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A 2 — LAY IR 2 £ 2 /KN

PP, P/—

%_F 1 /kg;
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Table 5 Management values under railway geometric-

SRS

I0 T3 26 R A 5

regular condition"”

il s W /m 1E4/mm
50 16
TV RECT) 20 9
10 5
5 25
TR BIZR 8 s S a2 (1) 2 0.6
1 0.3
- 0.5 0.1
IR ERECIT) 0.05 0,005

XF T e Bk I, AR SCSEOBUE 43 1) P=80 kN,
M=750kg, L=10m, a=3.5mm, L,=2m, a,=0.4 mm,
L=0.5 m, a,;=0.06 mm, % 4= i} ¥ fy 240 km B 185 ] 4%
HUUR e RE 4 LB 15, SR VDLOAD T2 774
AR 1 LhAE 8 W Bl 3 B2 it T AN |

140
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B 15 FFiEE 240 km B 52 [E)FEELEER 7 0972 # 2%
Fig. 15 Time-history curve of wheel-rail excitation force
when v = 240 km/h
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Fig. 16 Spectrum curves under different filling materials at measuring points #1 and #2

8 2 9 S S8 DB ol R A AR T 1, R B TR IR Y
ROR o AN IR 6 R, 3 T % 50 6 v s 90 A By s
S i 5 T R 1) £ B P 0 R R g PR S B T
i R B IR 9 A AT B R B R B 7, R A
BIRRIR A ROCR o AR IR RIS ORI 26 0F T, AT
RERYSE TR %, HARam Al 30 mo

ARBFEM BT Z IR PR B I 17, 2k
WA B AR VA I, B4R T8 5 b AR AT L I — e R LAY
T JCHUIE N 23 B AR 1A B IR AOR B, (R
3% B 8 A IR Bl 5 W e A By A A Ry S O R T R
B o PRI T 2 o B 7 it T ek A v R R 3 BE R AT
AbBR, X T, BUE BT AR R, 25 Rk
RNl € RS 2 2 P RRIURE R /28 R E = gt

85 - .
& JohiRE
80 | —=— JREEL
—o— 1R
75 ¢ - 05
o e TR
S 70t
I
B 65
£
60 -
551
50 1 1 1 1 1 1 1 1 1 1 1 1

0 15 30 45 60 75 90 105120135150165 180

BB /m

B 17 AEEFRHHT Z IREFR &%

Fig. 17 Attenuation of Z vibration level with distance under

different filling materials.
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