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Ground vibration characteristic of embankment section for fast railway

ZHANG Guang-ming, HE Yu-long, YANG Li-zhong, SU Kai
(School of Geosciences and Environmental Engineering, Southwest Jiaotong University,

Chengdu 610031, Sichuan, China)

Abstract: The ground vibration induced by trains running on the embankment of Chengguan Fast
Railway was measured through field test. The maximum vibration levels, equivalent vibration
levels and vibration frequencies in various locations induced by trains running from inside and
outside tracks were analyzed. The orrelation of decy speed and vibration {requency was studied, a
new frequency-division section prediction method based on Bornitz model for railway embankment
ground vibration was built and verified. Analysis result indicates that the levels of the maximum
vibration is 51-77 dB in the distance away from embankment 5-75 m, which meets the
requirement of current railway environmental vibration standard. The environmental vibration
induced by train running on inside track is greater than that on outside track. The ground
vibration attenuates quickly in the region less than 35 m away from embankment, and the
attenuate rate of ground vibration become slower in the region more than 35 m away from
embankment. High frequency vibration is the major vibration phenomenon within the scope of
nearby embankment. In the site of 5 m away from embankment, the dominate vibration frequency

range is from 16 Hz to 100 Hz. The low frequency vibration less than 4 Hz is the main vibration
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phenomenon in the region of more than 65 m away from embankment. The phenomenon of

vibration rebound mainly occurs in the frequency range of less than 20 Hz or greater than 100 Hz.

The prediction method has good prediction accuracy. 3 tabs, 6 figs, 25 refs.
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Fig. 1 Tested site
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Fig. 2 Measuring instrument for environmental vibration
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Fig.3 Arrangement of measuring points
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Fig. 4 Setting of sensor

2 MK RHHT
2.1 BEiRFFEST
W PR R RSV h
— 201g<;—e> )

ref

a, = /E 100.1Cia’” 2)

P ca R AR AR 18 1F 5 159 31 04 P 2l i it
FER R s ap N BEME B BE A SCHL 10 mo» 5775
a; H1/3AEHREEE DB AR S R B
FERRUE C: 2 a; X8 %8 1) 45 22 AR -

PR B 5 A AR I X #R B 190 km o« bt
3 KT 4 25 DS S D 7 P9 03 (LR T BR
P G B0 A 7 A0 0 T CLATTS 7 R A 260 3 5
Fih 5 N0 A5 %) b TR % B0 58 B

R B 22 YN e BT SA A 9 5 3 R T I T ot A
A AR R 22 B 2 A B A D I dee R RS ] 4R )
Vi T RGE S E M PR V43 5 LK 5.6, DI
GEREV AR BIRIKH L 5~75 m JWHE N,
Vimw N 51~77 dB,V,. K 48~73 dB, BATHICE
DX 35, PR 458 48 S A7 7 ) (GB 10070—1988) #1721
LM 30 m HRE ] PR AN K L 80 B, AT UL X
F18y 3t TH i ) T A2 ATk B R B IR B oK

80 -
oo —a— N
§§ 70 L —0— Sk
i
=
2
K 60
i3
50 1 1 1 ]
0 20 40 60 80
B B /m

E 5 Viea 284
Fig. 5 Changing curves of Viuax



TR, 3« Pead 4R I3 B @ FR 3 45 1 11

% 34
75
g
3'\5 —-— N
1 65 —0— Ah 2k
=
2
i
¥oss5
=
#
45 1 1 1 J
0 20 40 60 80

B BS/m

B 6 Vil
Fig. 6 Changing curves of Vi,

X ECE 5.6 H 81 45 I PN £ R AN 2 ok 15 B R Y
2 PR B0 BE 1 K/ AT A BB G NN £ ot B
| 1 20 55 P 2l 3 K T M AD 4G e i) ) 26 B R
3, IFHAE 10~65 m EE AN RRIEFIAR . WL
IVR IR ZEMHBF] 4.7 dB, RATE 25 m &b, Vi K
ZE{H N 2.5 dB, KAETE 50 m b AHZFE/NT 5 m Al
KT 65 m i Fl N, NE 5 52k 51 1 b v 9% 2 22
(BN FT 20 AT, SEBR Hh O 2k I 8 B 4R sl kAT
VI B 3 R A DX A3 N RS A L T2 DL N 2R A
LI BE R B 17 B E AR Sy fe 28 W D 45 R, AT DL 3 el
AT AT AT R 5 | A 00 {1 2 o {1 AR A1

FEPR BN IRV 5 T N F MR Vi F Ve
Y7 I P 2 3 T S S T R I A A (] 1Y) 5 e AR
o D R B O T RIS A 5~ 35 m Ju [l
TE VR BE B 4 5 mL Ve BEUR 3. 5 dBL VB
3.4 dB, 35~75 m 5 [ P U R AL E 7 1
5 M, Vi I8, 0. 55 dB, V. I, 0. 44 dB, A] I, 35 m
A0 2y S0 R R ) B T R AT O B B R S TG B Y
RS,
2.2 IRBFHIGFFIES A

b THT i 20 0 A0 1 R X B 05 iR 2l 4 9 28RN T
BAAEZE AR A AWA6291 B4k 5l 43
BrALI 1/3 A5 A5 AR 23 B D g« 43 i I 51 22 DA P 46
FAMZR I o B BB R IR 2 5.15.30.65 m 4,
I KR B I FE DV e PG KR B0 000 E SR Vo 11
ARG IE A5 R LR 1,

Ll B8 AN [v) B 2 Ak 1) B 20 900 5 A vk B B B IR
EE RGN v IR Bl e G I IR 3 R 0 2
16 5 m AR BN R F AP TE 16~100 Hz, B i
B3 . BR 3h B i LU 32, & 65 m AR i iR
FiReE EEEPTE/NT 4 Hz IR E N .

M1 IR E] LA B Rl A B S, AE 15,
35,65 m Kb (1% B LR A8 0 B R S B 1 EOR Y

PRzl B R KIS A X — g T ERE
FE/NF 20 Hz FIKF 100 Hz (9 55 255 [ P, 1 78
20~100 Hz W80 [N R & ER S R 4

AN 2 3 P A AT G | R Y SRR B ik AT T B
S, 35 & BT 4R 2 R KB AR AE Y AR SCHE
50 m(PYZR) Ml 65 m(Fhge) it B 3h S 5 0 42 ([
5.6). HEIWFFRHE XX —HE ™A WHLEA 2 FiA
[ B g A1 — PO M TR S AR S R R A
ISR I S DRI 2 A R 5 O — O o R Bh T
+ 2 2Z R INE LR . X 2 P g B A
B2 S R B . A SCHR Sl A it 2 2R %
W 255 42 AP ad 3 B, 7E 65 m 4b 1~10 Hz Z
[ P 5 3l s B0 458 K1 s Bt 5 22 4] 42 I P k5 2
1~10 Hz X W B PR S 7E 65 m 4b 9 ] — 0 a5 Ak 20 3%
BRAEFRDE IS . WAL ZE LK E .
HuTEHR B 5 2 R A SRR T RN 2 SR AR B O
S FERA

3 BEmIRR S RN T A

3.1 WiNAE

G 25 | S 1 b TR i 2 A 3 B R R A IR B
1 3 DR AE A AN 32 3 b 25 PR i 2 T B 5 4R 3h B
W03 B A G 1 AR 3 e el AR A R B s
XTI, STl AR SCEE T e R R T
b RGP B 4390 B TN 7 3k o M T AR B A R e —
KRN AT 53 B s LA A5 451 B v 0o 0 26 1) ik 2 AR 38 %0
B IR 3l KN S I JE o A5 A 43 531 %k 45 4t Be i 5
AT . B G Aar 2R AE A Lty 2 AE R, SR IR B0
Wi B 5 DR 17 I JE IR B L Oy

a4 = aye
{a = &o/c (3)
w = 2xnf

K cavao 090N rore Ak IR B R i {E; .
ro AU S B HR IR B R s o O ML £ A BH B Bk R
Brse HFE TR e MR PRI ;0
CRIR R £ PRSI R V,
V, = 201g<6%> D
A 20 (3) L (4) n] 45 B, JE F P e Ik 15 AL 1 47 R
S WA B0 Jin 9 2% I R ) o A XK
V, =V, —54.55f(r—1r,)/c (5)
S Vo S TR0 3 5 AR AR £ Wk Sl T s RE
W] 4k PV 5 45 00R IR B 1 BE RV G R



12 X OB E W I B ¥ R 2014 4
K1 FEEBFLL Vim0 Ve B 87 2 HFAE
Tab. 1 Vi and V3, frequency characteristics at different sites dB
: e AR
:;; A [} BE 25 () BE B Vo RIEHE B (m) AL 1Y Vo A [) BE 25 () Ak B Vo AT B B (m) AR Y Ve

5 15 35 65 5 15 35 65 5 15 35 65 5 15 35 65
0.63| 79.4 | 72.6 | 69.3 | 80.4 | 75.8 | 71.0 | 66.1 65.4 | 74.0 | 68.7 | 80.5 | 76.7 | 66.3 | 67.1 75.1 74.0
0.80| 77.6 | 74.0 | 70.5 | 75.6 | 73.8 | 72.2 | 63.9 67.1 66.8 | 62.7 | 76.5 | 77.8 | 60.3 | 60.0 | 69.9 76.3
1.00| 75.5 | 69.2 | 69.5 | 69.2 | 73.3 | 68.2 | 66.1 64.0 | 64.7 | 66.2 | 72.7 | 75.0 | 59.1 65.4 | 67.9 73.2
1.25] 75.9 | 74.1 67.7 | 65.1 72.0 | 71.8 | 63.2 59.7 | 61.8 | 62.1 65.4 | 71.8 | 60.2 | 59.9 | 62.7 68. 2
1.60| 71.9 | 72.3 | 62.5 | 62.0 | 69.1 70.2 | 59.0 | 58.7 | 61.6 | 58.8 | 65.3 | 69.1 58.5 | 55.0 | 62.4 65.6
2.00| 69.3 | 70.6 | 61.3 | 57.7 | 64.5 | 68.0 | 57.7 56.0 | 56.8 | 59.1 63.4 | 68.2 | 53.8 | 55.2 | 60.2 64.0
2.50| 67.8 | 72.7 | 61.8 | 55.4 | 62.1 66.8 | 57.8 | 51.8 | 57.8 | 56.0 | 60.7 | 66.8 | 54.0 | 53.3 | 57.5 61.5
3.15| 66.7 | 70.0 | 57.6 | 54.7 | 59.7 | 63.6 | 52.8 | 50.7 | 55.0 | 54.5 | 59.1 60.2 | 50.3 | 51.3 | 55.9 54.8
4.00| 62.5 | 69.8 | 56.5 | 48.9 55.9 | 63.3 | 51.1 46. 1 51.8 54.3 | 58.0 56.1 | 48.5 | 50.7 | 53.5 51.5
5.00| 62.4 | 67.9 | 53.3 | 51.1 55.9 | 61.0 | 48.0 | 47.5 50. 1 50.6 | 53.5 | 57.7 | 46.6 | 47.5 | 50.0 | 49.1
6.30| 60.2 | 66.3 | 50.8 | 49.7 | 53.2 | 58.8 | 45.6 44.1 50.2 | 46.4 | 49.1 59.4 | 46.0 | 43.0 | 46.6 | 48.6
8.00| 57.2 | 62.9 | 46.4 | 44.2 | 49.7 55.2 | 41.8 | 42.1 | 48.7 | 44.2 | 49.6 | 58.1 | 45.3 | 42.3 | 47.2 | 45.4
10.00| 53.7 | 56.6 | 43.5 | 44.4 | 46.2 | 49.7 | 39.6 | 40.4 | 49.8 | 47.7 | 46.9 | 55.5 | 45.9 | 42.4 | 43.2 | 42.0
12.50| 53.7 | 54.2 | 46.1 | 47.5 | 49.7 | 50.3 | 41.5 | 43.7 | 51.2 | 50.1 | 47.0 | 49.4 | 47.0 | 45.7 | 44.1 41.4
16.00| 64.6 | 62.5 | 51.8 | 55.2 | 59.9 | 58.4 | 47.3 50.9 | 61.3 55.7 52.1 50. 5 57.0 51.6 | 47.8 | 47.1
20.00| 68.3 | 65.1 57.0 57.1 63.2 | 61.4 | 52.6 53.4 | 67.9 | 63.3 | 55.6 | 58.0 | 63.1 59.1 51.4 | 52.9
25.00] 67.1 62.1 56.5 | 55.3 | 62.5 | 58.2 | 51.8 | 51.7 | 65.9 | 66.2 | 56.2 | 55.4 | 61.2 | 61.9 | 51.7 50. 3
31.50] 80.3 | 65.6 | 55.3 | 49.3 | 75.7 | 61.4 | 51.1 45.2 | 72.7 | 60.2 | 52.8 | 49.8 | 67.7 | 56.1 49.1 45. 8
40.00| 92.8 | 74.7 | 64.5 | 60.6 | 88.4 | 70.8 | 60.0 | 47.1 | 89.7 | 69.5 60.8 | 50.9 | 84.6 | 65.1 56.6 | 47.3
50.00| 89.1 70.9 | 60.0 | 50.2 | 84.7 | 66.8 | 56.0 | 46.7 | 89.7 | 66.8 | 63.3 | 52.0 | 85.5 | 63.0 | 59.6 | 48.5
63.00] 87.8 | 67.0 | 60.4 | 50.2 | 83.4 | 63.1 56.2 | 47.0 | 91.2 | 69.1 65.2 | 56.8 | 86.6 | 64.8 | 61.9 52.3
80.00| 77.3 | 66.8 | 55.9 | 47.0 | 73.4 | 62.9 | 52.2 | 43.8 | 79.5 64.5 | 57.6 | 49.3 | 75.6 | 60.1 53.2 | 46.7
100.00| 68.7 | 58.8 | 51.9 | 45.7 | 64.6 | 55.3 | 47.0 | 42.5 66.7 | 58.1 48.4 | 52.6 | 62.9 | 55.3 | 45.2 | 45.2
125.00] 67.1 59.0 | 52.8 | 53.4 | 63.9 | 55.1 47.5 49. 4 65.8 | 58.7 | 48.1 59.5 | 62.5 | 55.4 14.8 | 52.3
160.00| 68.3 59.6 | 54.3 53.3 | 64.9 | 56.0 | 48.7 | 49.6 | 66.5 64.7 | 45.4 | 61.5 | 63.4 | 57.4 | 42.8 55.0
200.00| 67.2 | 54.6 | 53.5 | 55.0 | 62.7 | 50.2 | 48.1 51.6 | 64.8 | 68.5 | 49.3 | 60.8 | 60.2 | 59.1 45.4 | 54.8
250.00| 55.5 | 59.5 | 53.9 | 54.1 52.2 | 56.0 | 49.6 50.6 | 52.4 | 71.2 | 52.0 | 53.9 | 49.9 | 62.0 | 48.5 51.2

) 0337 b 8 1 3R 0 2 Ry RS B )2 R T — AL

V = 10lg[ > 10%1t ] 6) AT 25 S ) e T I 2l o A AR S 107 BB,

1 20 (5) L (6) RJ 45 21| Bk I8¢ J& o B Y 114 g 4t B
T2 =k
V = 101g{ E 10().]LVU’751.55]@(#)'0)"1'}(‘@} (D

3.2 SRBIEIE

N 1/ 3 AR IR S A< AT 0 BE CH DO 8k
HEPREE IR S PP R i A RS Y 1~80 Hz) B
A A AWA6291 Bk ) i & A0 1% 10 m 4k 4%
1/3 ABH R L R X B IR BE 4 VL L3R 2.

I, 25 A5 2B BUE™ RS E A 130 m « s, B
JE HLEL 0. 0276, #R #E 1SO8041:1990 M E & 1/3 %
TR H O AT X I 8 8 ] A3 A8 AL R - C (J] i)
& A S PR A B AR ). LA 10 m
Ak Ay 3 v A, oR B (7)) 43 BB 15,25, 35,
50,6575 m Ab A %8 1] 4k 2% , O 5 S D0 (B A X G
W3,

A 3 1 T 5 S I 6T R E L BR25 moAb
Hh o 15~75 m i [ P 25 D00 A5 A 0 6 2 b S I K



% 3

TR, 3« Pead 4R I3 B @ FR 3 45 1 13

2 RB0NEERENE

Tab.2 Measured values of vibration acceleration levels

i fi/Hz V.:/dB i fi/Hz V.:/dB i fi/Hz V,;/dB i fi/Hz V.:/dB

1 1. 00 54.6 6 3.15 46. 8 11 10. 00 38.9 16 31.50 63.1

2 1.25 53.7 7 4. 00 43.2 12 12.50 48.2 17 40. 00 78.6

3 1. 60 47.5 8 5. 00 42. 8 13 16. 00 57.4 18 50. 00 75.0

4 2.00 48. 8 9 6.30 41.0 14 20. 00 57.2 19 63.00 73.0

5 2.50 48. 4 10 8. 00 39.9 15 25.00 56.9 20 80. 00 67.5
®3 WESERER X—Mg EE L AEE/NT 20 Hz IR T 100 Hz

Tab.3 Comparison between predicted values and measured values

WA TR PN o DR T R 5 R B ER 5 I 50 20 A B T
7 ¥ B 25 TR BB R I LA IR ) 7 )=
(] (9 S 55 o T 2 K b 10 9 2l < 350 442 18 1 5 91K 0 3 i
MR 5 R TG PO 45 2R 2 A7 AE — 2 I IR 22 . IR
) WA i JZ= 18] F9 S5 55 R AR I8 20 %o i THT i 51 149 5 Wi

Wi /m B e/ dB FWAE/dB | HaXf P2/ dB
10 66.9 66.9 0.0
15 64.5 62.0 2.5
25 60. 7 64.5 —3.8
35 57.8 55.4 2.4
50 55.3 53.7 1.6
65 54.1 52.8 1.3
75 53.6 50.5 3.1

1.3~3.1dB. BT 25 m 4b 5 B4R 3 S5 L P Je K
A TR T T Ml T 1 4R 20 B s B 52 L BRI O L % T
(B HE S AR 3.8 dB. Ak A, A I e 2 1
AT Xof i, THI 4R Bl 20 A7 40 450 B 1000 e 8 TBAS B 4 1)
DU B . AR ST J7 6 2 B o) K i It B B b 1T PR
s T GBS A A AR A S U AT
P A7 O A EOE S 2R 2. % B T iR B )
PRUETE 25 I T B 11 AN ) 5 LR 3 1) o D LA AS
[F] o BRI 0Hb o 4 ST 7 32 9 AN FH 42k 8 A 42 B 1
RSN . AT 53930 B J 0y ik B L b 55 0
b B AR VR Ak i il 10 3 o o5 Ak A 45 B R Bh oK
ZIN o BIVRT 5T Ath A ] B 5 Ak 1 % 1 iR % L 1% 5 5 TG
T2 S Rt )2 ) 4 41 3 B S R ) bl G T 15 )2
BEH AT 5 13 1

4 45 iE

PRESERIE 5~T75 m 5 B N AT 4R 3 Vi A
51~77 dB, V.. Jy 48~73 dB, iifl /& BLAT ) 2k % 24 355 R
BPRUEZESR . B 25 DDA 290 T3 5 g | S ) A B A
SR THMN A PR PR 8, Vi e KA 22 2.5 dB,
Vil KM 22 4.7 dB, M0 S AR S HAE/NT 35 m
YU B PN A S D R T 35 m i R B, O HL &
I ) 3 L B R T AR R B R v B 7 O R
70 L PN b T iR 2 DA s AR Bl O L E R T 65 m S
PR LL 4 Hz WARARHR 3 o 3. BB 3 1 16 o, 5 26
AT GF IO 1 R T iR B 23 R B R B RIS 0F B

it Bk — W5
2% Xk -

References :

(1]

2]

[4]

[5]

L6]

L7]

KIS EREME. B s SF BRI R IR B X T B RS A G
i R 4y AT (0], R 3h 5 ok . 2013.32(16) : 187-192.
ZHANG Peng-fei, LEI Xiao-yan, GAO Liang, et al. Effect
of railway environment vibration on precision instruments
inside the plant[J]. Journal of Vibration and Shock., 2013,
32(16): 187-192. (in Chinese)

SHENG X, JONES C J C, PETYT M. Ground vibration
generated by a load moving along a railway track[ J]. Journal
of Sound and Vibration, 1999, 228(1). 129-156.

DITZEL A, HERMAN G C. The influence of a rail embank-
ment on the vibrations generated by moving trains[J]. Jour-
nal of Sound and Vibration, 2004, 271(1): 937-957.

B AR E WL SF e R R R S 4t 2R AR B
P Rl TR 241 2012, 25(5) : 548-555.

ZHU Zhi-hui, YU Zhi-wu, JIANG Li-zhong, et al. Analysis
of bridge-ground vibrations induced by moving loads of high-
speed train[]J]. Journal of Vibration Engineering, 2012, 25(5):
548-555. (in Chinese)

i PR Uk B S AR IR Sl S R IR A AT LD K
K2, 2010.

DONG Guo-ging. Analysis on vibration of high-speed railway
viaducts and field vibration isolation[ D]. Changsha: Hunan
University, 2010. (in Chinese)

AR E R R R B R R IR S R 5 T (D] st
e Rt KA, 2011,

LI Zheng-hui. Influence and analysis of environmental vibra-
tion induced by elevated high-speed railway[ D]. Beijing: Beijing
Jiaotong University, 2011. (in Chinese)

PR AL i SR TCHE IS S8 51 IR AR S BT (D] 1 & -
A AR A R, 2012,

CHEN Song. Study on environmental vibration induced by



14 X @ E O I OB F R 2014 #
elevated unballast tack[ D]. Nanchang: East China Jiaotong [17] @& s B ik 25 3-8k 069 4 3a 47 5| e i) Hb 1 3R

[8]

L9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

University, 2012. (in Chinese)

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

KOUROUSSIS G, CONTI C, VERLINDEN O. Investiga-
ting the influence of soil properties on railway traffic vibration
using a numerical model[ ]J]. Vehicle System Dynamics: Interna-
tional Journal of Vehicle Mechanics and Mobility, 2013, 51(3):
421-442.

CHEN Y J, CHANG S M, HAN C K. Evaluation of ground
vibration induced by high-speed trains on embankments[ ] ].
Noise Control Engineering Journal, 2010, 58(1). 43-53.
CHEN Y J, CHIU T J, CHEN K Y. Evaluation of ground
vibration induced by high-speed trains on bridge structures[]].
Noise Control Engineering Journal, 2011, 59(4) . 372-382.
EETRPEL BT WL IS R e bk B RS E B 1R Y b T R
oA L] I K 2240 . T2 R, 2010, 31(3) : 73-76.

BI Su-ping. SHI Gang, Gao Guang-yun. Ground vibration
due to railway traffic on saturated half-space[ J]. Journal of
Zhengzhou University: Enginerring Science, 2010, 31(3); 73-76.
(in Chinese)

RIS LB LKk LA AN A R s B B AT SR Y
MR B 5 AT L] [R5 R 2540 B AR BR2A R . 2013,41(12)
1805-1811.

GAO Guang-yun, ZHAO Hong, ZHANG Bo., et al. Analy-
sis of ground vibration induced by trains on saturated layered
ground[ ]J]. Journal of Tongji University: Natural Science,
2013, 41(12) . 1805-1811. (in Chinese)

BUETE A R PG R B R R I A Gl PR R 3 s
SIHTLT]. M SR s, 2012,32(3) 1 152-154,187.

HE Yu-long, XIANG Yi. Test and analysis of environmental
vibration of Weinan north elevated station of Zhengzhou-Xi’an
High-Speed Railway[J]. Noise and Vibration Control, 2012,
32(3): 152-154, 187. (in Chinese)

HOWLE B R PR AU S E AR Sl A B L)
I 7 55 4 sh 4 . 2007,27(2) :106-108.

LEI Bin, WANG Yi. Investigation on the index of vibration
estimation produced from the urban rail[ J]. Noise and Vibra-
tion Control, 2007, 27(2): 106-108. (in Chinese)
RBLE) B G, L B B AT 5 R 1 R IR B0
BT RS R E 224 B AR B0, 2007, 35(7) :909-914.

LI Zhi-yi, GAO Guang-yun, FENG Shi-jin, et al. Analysis
of ground vibration induced by high-speed train[J]. Journal
of Tongji University: Natural Science, 2007, 35(7): 909-914.

(in Chinese)

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

S 58], A+ J12%,2007,28(9) : 1817-1822,1827.
GAO Guang-yun, LI Zhi-yi, FENG Shi-jin, et al. Experi-
mental results and numerical predictions of ground vibration
induced by high-speed train running on Qin-Shen Railway[]].
Rock and Soil Mechanics, 2007, 28(9). 1817-1822, 1827.
(in Chinese)

MR 2 R BB AL, S5 34750 4251 n o B 3t 1 4% 3 #
B0 TR 15,2010, 27(1) ;98-103.

CHEN Jian-guo, XIA He, CHEN Shu-li, et al. Investigation
on running-train-induced ground vibrations near railway[ J].
Engineering Mechanics, 2010, 27(1) . 98-103. (in Chinese)
FUJIKAKE T A. A prediction method f{or the propagation of
ground vibration from railway trains on level tracks with welded
rails[J]. Journal of Sound and Vibration, 1989, 128(3): 524-527.
BOR.5K Rl R B 42 R R b T R A S AR 25
AR Ie A 5 ], 3 2448 . 2004,26 (4) : 93-98.

XIA He, ZHANG Nan, CAO Yan-mei. Experimental study
of train-induced vibrations of ground and nearby buildings[]J].
Journal of the China Railway Society, 2004, 26(4);: 93-98.
(in Chinese)

ik L BRERG . BRI PUESSE BT TR 1937 4R 8 5
WA FEBARLT ], By 99K TR 24 - 2011, 31(2)  225-231.
ZHANG Yang, CHEN Guo-xing. MAO Kun-ming. et al.
Status quo of research on measurement of ground vibration
induced by rail transit[J]. Journal of Disaster Prevention and
Mitigation Engineering, 2011, 31(2): 225-231. (in Chinese)
AW UK B RIE A BB S 5 R M B IR 2 R H
i BT T B AR L 2006.,24(4) :220-223,233.

LI Chun-feng, BAI bing, HE Mei-de, et al. The environ-
mental vibration and influence regular of railway transit[]J].
Municipal Engineering Technology, 2006, 24(4); 220-223,
233. (in Chinese)

FEARSE Ve BT A A S b TR IR A S I UIE XA 1 e
PR LML) ] R 3h 5 vhdi . 2011,30(5) : 131-135.
WANG Fu-tong, TAO Xia-xin, CUI Gao-hang, et al. Test
in situ for free ground vibration near urban railway line[ J].
Journal of Vibration and Shock, 2011, 30(5). 131-135. (in Chinese)
VERHAS H P. Prediction of the propagation of train-induced
ground vibration[ J]. Journal of Sound and Vibration, 1979,
66(3): 371-376.

o R BLE PR R BT R Sl 4R 1 o BT RO BB LD
JCHS - VY A KA, 2013,

HE Jun. Reseach on environmental vibration characteristics
analysis and evaluation of Cheng-Guan High-Speed Railway[ D].

Chengdu: Southwest Jiaotong University, 2013. (in Chinese)



