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Analysis of Ground Vibration Characteristics Caused by High—Speed
Train Passing Through the Bridge
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Abstract.In order to study the environmental vibration caused by high—speed trains passing through elevated
tracks, an experimental test site was selected, corresponding to a stretch of the railway connection between
Shanghai and Kunming. Field measurement and finite element method were used to obtain the ground vibration
characteristics. Comparing the calculated value with the measured value, the results show that the ground lateral
vibration acceleration caused by the high—speed train passing through the bridge is slightly larger than the verti-
cal vibration acceleration, and the main peak frequency point of the frequency spectrum curve could be regarded
as the resonance frequency induced by the periodic load. The excellent frequency distribution range of lateral
and vertical acceleration is 10~80 Hz, and the acceleration amplitude of each single frequency in the frequency
band tends to fluctuate and decay with increasing distance. When the vibration peaks of different frequencies
meet, the vibration superposition at the meeting point shows amplification. The frequency band corresponding to
the maximum vibration level of lateral and vertical acceleration shows mainly at 3.15 Hz of the range of 25~63 Hz;
The numerical results of ground vibrations show an acceptable agreement with the real measurements in ampli-

tude and changing trend, and the maximum error of acceleration Z vibration level is 1.4 dB. Hence the finite el-
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ement model meets the accuracy requirement, which proves that this method can be used to predict the environ-

mental vibration response.
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Tab.1 Soil parameters

Soil layer Soil Density Elastic Poisson
number  thickness/m /(kg-m®) modulus/GPa ratio
Soil layer 1 14.8 2 150 858.9 0.22
Soil layer 2 15.5 2 250 1 568 0.2
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Fig.1 Schematic diagram of measuring point layout
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Tab.2 Parameters of CRH380A-type high—speed trains
Parameter Value Parameter Value
1/8 body mass/kg 5037 Wheel-rail contact stiffness/(N/m) 1.5x10°
1/4 frame mass/kg 601.87 Primary suspension damping/(N-s/m) 1.0x10*
172 Wheelset Mass/kg 800 Secondary suspension damping/(N-s/m) 1.04x10*
Primary suspension stiffness/(N/m) 0.887x10° Fixed wheelbase/m 2.5
Secondary suspension stiffness/(N/m) 0.226x10° Distance between frame center/m 17.5
x3 WMREMBHY
Tab.3 Bridge structural parameters
Parameter Value Parameter Value
FElastic modulus/(N/m?) 36.2x10° Bridge span/m 20x32
Density/ (kg/m*) 2500 Element length/m 0.5
#4 HE CRTS I RXHNELEHSH
Tab.4 Structural parameters of CRTS II slab track in China
Structural Parameter Value Structural Parameter Values
Elastic modulus/MPa 2.059x10° Inertia moment of rail/m* 3.217x10°
Rail
Wire mass/(kg/m) 60.64 Bulk density/(kN/m?) 78.5
Length/mm 6450 Length/mm 6 450
Width/mm 2550 Width/mm 2 950
Concrete
Track board Thickness/mm 200 supporting Thickness/mm 300
Density/(kg/m?) 2500 layer Density/ (kg/m®) 2500
Elastic modulus/MPa 3.9x10* Elastic modulus/MPa 3.0x 10*
Stiffness coefficient/ (MN/m) 900 Stiffness coefficient/ (MN/m) 60
CA mortar Cushion
Damping coefficient/ (kN -s/m) 83 Damping coefficient/ (kN -s/m) 47.7
3 M C K .Q 535 5 45— BT — W R 245 ) 14 L
g JoT £ P, S BELJ R R R R B AT 2 ) g
= 2F o N v - — \
£ | a. affl a AU -1 L4 R 20 8 BT Y
I i AR
£ ol | 22 FEEERSN
3 g v :
LI | 917 25 S S 1 7 LB
o — — S N il )
Z SERY B S0 N, Bh ARG AR A S AL 1 B, L
S -2r N NV, o -
= A7) B i A 5 1) 5 = i AT - R M S R B R PR B
_ 1 1 1 1 1 Y2 N W g E_ —_
Coordinate/m SR 5 FEI T B0 S 7 I AE =R M A 7R 35 B 85
=7 =N v~ FH 1471 _Teh Y — A R A/ 3
R 1580 TSR 5 LR I R

Fig.9 Track irregularities

G AR SRR 8 A 20 51 45 LA 300 km/h (1 3 JE



55 2 1] TE OB A a5 A e T B S T 53
Wt 20 B SZ R A AET R AR 0.001 s, W AL ani® 11(b) iR, 24580 4 i@ ok i B4

I 1) B I BENLRFE AT . LA 11 SO ) i
TR Az B sl ke kA R VR, AN 10 R,

[

S

-

10th span F, F,
F | F=F+F,

11th span

Pier

E10 EHWashEATRE
Fig.10 Schematic diagram of the dynamic reaction force
at the top of the pier

MATLAB 27t W) 46 15 2% 8 15 42 il 4= FF 7E #F
B8 8 WM MBS — AR XL TR 1 S
R AR R B 20 BE AR L 1R R) AR R
5 s B EUTRUSH A5, 8 ARIXT 07 4 o5 DO R 6 o T 4 BB v
R 35 BT B R R L 11 (a) TR, BLT0 3 S
F18 KWEAH Ry 540 kN, LLEE Sy mz s &, Xt
— A S BT Bl sz g AR FEL o A g A5 38 0 I g AR

W
(e
(=)

~

[}

(e}
T

[\

o

o
T

Force of pier—top/kN
w
S
<)

—_

o

o
T

1 M.w i P
1 2 3 4 5

Time/s

=]

(a) Time course curve

[\
[
o

o
(=3
(=}

100

Force of pier—top/kN
>
S

W
o
T

: ] LN
2 4 6 8 10 12 14 16
Frequency/Hz

(=]

=]

(b) Spectrum curve
11 BTnzh ik 12 F i E
Fig.11 Time history and frequency spectrum of dynamic
reaction force at the top of the pier

5 A Tl R 5 4 R % B ) A O
23 WE-KiRS

F£ ANSYS 7 = HERF - Kb A PR TR AL
2 R g R ST T R T RERE R I E 12 R
BOR 7 m AEFLEETE AR K 23 m, HEIE RS RHE I AR
GHAIE PR A C35 R+, IR EROR AR SR
FEARE - LA R ST A T BB IR B A A
B - AR A Gl 13 iR, SRR S RS RTR
M X5 2R FH 3 4 4540 S BT SOLIDAS AR 4UL KR
FERG g N T 0 5 A R g Bk A7 A R A A 5
SR it o 7 — L T B A AR 114 0 SRR )

W 1A 2 00 45 BTS2 e 2 T 40 Ay i e ) AR
TR sh i 2%, 76 ANSYS % #| ] APDL i5 5
5 DO PEIR , R FHT om0y S iR e s A A

PRE AR, BRI 9~12 S B VE T 7 B AR i 2
F| 3 15 4 W ORI N A7

—3 90,230 90

120

[\S)
3
390

4.8 5 ﬂ
(e
o~

| N
23

O Ol

03, 27005,

(a) Elevation view (b) Sectional drawing

(unit: m)

12 HEEEMTEE
Fig.12 Bridge pier and foundation diagram

(unit: m)

13 HE-KHHRTEE
Fig.13 Bridge pier—earth finite element model



54 I 2023 4F
3 ESXWULSHT 0.10 _
o imulation

A6 BT B 5 1 AR B ANSYS = 48 17 - K o E Losh

TG 3 1A BRIT R e Y B 4 i a1 e e ] E

R B T 1 Ay 43 AT B AR S 7 O A v % 0w

A7 AP 14 T, FEeR L A A S R :

SRS N 5 m. KT BT AR A5 ) 5 T 51 3 16 £ 005}

A FEE I 5 1) T 6 S0 0 %8 43 B o £

15 JE3 o UL, 5 S 0 3 530 7 0 K T 16 4 R e T H—

F S5 0 (B G E R LR/ L R TR ) 4 O

i B S BART, 1 h  E AEIR S, R ) 0020

8 S BRSO TSR - - - Measured value
A 0 2O B B0 SR AR R ORI AR oo . Predicated value

i ARTHUREA 7 RS KIF A SRS o5 E E

SeMPEHR AT L, 5N 16,18 17 PR, AW, 2 oot0} .

) 0 5 1) 0 33 2 1 7 20~80 Hz Y L9 , 07 £

U4 S S B S 0 B D R ) B £ 0005p

RIRIEN 3.24 dB, 450 4% 7 HR BB B R0 R 35— \ A8

BRI 14 dB, 38R 22 1 5 P R O d e oo

B2 SR A B R BB I  IE WA SR
f 77 12 e A RO 9 A2 i R 5 RS ) e 37 M Y
e IRl , AT R A BROTRR A T SRR sh i

40 m i
30 m . I

S m| g

B 14 WNBERAHNECE
Fig.14 Observation section and earth measuring point
position
0.10
& —— Measured
g
= 0.05
[=}
.S
E T \
£ 0.00 pevsoneipUMINERN -
© Al ( ‘
o
2
£ -0.05
E
=
~ -0.10 . s .
0 2 4 6 8

Time/s
(a) Measured and calculationvalue

Frequency/Hz
(¢) Frequency spectra of the acceleration
B 15 & EF0 S E hn i A R AR 0 8T X b
Fig.15 Comparison of acceleration time history and
spectrum between calculated and measured values
0.025

——5 m-measured value
——5 m-predicated value

0.020

0.015

0.010

0.005

Acceleration RMS/(m/s?)

0

25 45 63 810 12516 20 2531.540 50 63 80 100
Frequency/Hz

(a) 5 m position

—_

0.015

——30 m-measured
—30 m—predicate

0.010 [

0.005 [

Acceleration RMS/(m/s?)

1254

63 8 10 12516 20 253154050 63 80 100

Frequency/Hz
(b) 30 m position




55 2 4 TR AR A A AL A 1R Y TR IR 3 4 T 20 55

%1073

——40 m-Simulation
——40 m-measured

O
~ [=)) o]
T

<
to

Acceleration RMS/(m/s?)

(=]

1254563 810 12516 20 2531.540 50 63 80100
Frequency/Hz

(¢) 40 m position
16 & s 4R 3 hn 3 B2 X bk 4
Fig.16 Comparative analysis of vibration acceleration at
each measuring point

% 100 R
5 P/ A
‘.% 80 //,’// ¢ L=
5 ) 4
@ 60 L '
g W
s 40 /i =—Simulation
= o A —=—Measured
2 20} N2
-
oot
B
> _20 1 1 | 1 1 1 1 1 1
1.6 25 4063 10 16 25 40 63 100
Central frequency/Hz
(a) Acceleration vibration level
100
= 80T :\\ —=—Measured
= i AN —e—Simulation
S 60 b\
0N
% 40 V\V‘\
E i ‘\\l
7 20 -~
S e
=20 1 1 1 1

0 5 10 15 20 25 30 35 40 45 50

Distance/m
(b) Z vibration level

B 17 HEESIUEIE
Fig.17 Comparison of calculated and measured values

4 it

1) R 8 25 3 i 5| 19 b T 1) B 30
T R T 0 ) 4R sl i B, 7 R B U b 2R 5~15 m
Y0 BBl P, A v o R o R R R AR 5 7E 30 m A,
VRN I 1] B4 D00 A 50 B 3 T R R

2) A T[] 5 OM R S AT E 10~80 Hz, #R3hM

TR v S 0 R A T R Sy ) A 2 A 5 R 1Y)
LR A BT A PN S BN T R K B B S
O 38 B U A T e KRS M 88 dB,
X B AUHT S 25~63 Haz, K4 3 7E 31.5 Hz, H
LRI PN AR pe A X i T ) R G A S D A 2R

3) HAE 53 A e S A 2R M 2R 5 R R B 77 e
N, BT ahe T M =2 MU A R R
W 8 3RS, BT B 07 DAY T SO #k T
ANSYS = 4EMfFI— K B R AR B R 8l SEE
R S3 8 7E o B s (B R /DS | i TR AR | Dt 3
G EW G RAF 2 R PR KR 2ZE N 1.4 dBIEBZ
J5 15 B A M R HE Rk

B 30 Hk

[1] SANTOS C,BARBOSA J,CALCADA R,et al. Track —
ground vibrations induced by railway traffic : experimental
validation of a 3D numerical model[J]. Soil Dynamics and
Earthquake Engineering,2017,97:324-344.

[2] JESUS F R,ALVES C P,CALCADA R,et al. Study of
ground vibrations induced by railway traffic in a 3D FEM
model formulated in the time domain:experimental valida-
tion[J]. Structure & Infrastructure Engineering,2017,13(5):
652-664.

[3] JESUS F R,LUIS E,MEDINA R G,et al. Benchmarking of
two three —dimensional numerical models in time/space do
main to predict railway—induced ground vibrations [J]. Earth
quake Engineering and Engineering Vibration,2021,20(1):
245-256.

[4] YANG Y B,WU Y S. Transmission of vibrations from high-
speed trains through viaducts and foundations to the ground
[J]. Journal of the Chinese Institute of Engineers,2005,28
(2):251-266.

[5] WU Y S,YANG Y B. A semi-analytical approach for ana-
lyzing ground vibrations caused by trains moving over ele-
vated bridges[J]. Soil Dynamics & Earthquake Engineering,
2004,24(12) :946-962.

[6] i,k ay, [ 8, 45wk i 4 - - R A R G

A B 1 S RO )] e m BT RS 4R (A AR
22he),2021,49(3) :123-130.
GU Q,ZHANG D Y,GUO W,et al. An efficient computa-
tion method for real-time hybrid testing of vehicle—track —
bridge coupling system of high—speed railway[J]. Journal of
South China University of Technology (Natural Science Edi-
tion),2021,49(3):123-130.

[7] Bt A bk, A0 F. e Bk B ) 0T A SR A AT BRI
2 MU B R 143 WT(]]. B 2E 7 ,2020,42(11) 1 146-154.
CAO Y M,YANG L,LI D W. Study on FEM in frequency

domain and analysis of dynamic reactions at pier bottom of



5 % i

N

56 R

Jo

R 2023 4

periodic bridge of high—speed railway[J]. Journal of the Chi-
na Railway Society,2020,42(11):146-154.

[8] My, bk, Ak A5 oy Ak v AL ) 1l 37 b B 2l S
7% 2T [J]. PR 3h TR, 2022,35(1) :93-102.

CAO Y M,YANG L,LI Z,et al. Response spectrum analy-
sis of field vibrations surrounding high —speed railway
bridge[J]. Journal of Vibration Engineering,2022,35(1):
93-102.

[9] R IGEAHE. 25 M Bk B HLIE 2y J) 2 (M), Jb st BR2 AR, 2021,
LEI X Y. Hight speed railway track dynamics|M]. Second
Edition, Beijing : Science Press,2021.

[10] 5 s, TKBTAE , 2 4. oy 4L LT A B2 45 ) 91k 5 5 MR 7 T

W7 v B A i ik o 1 TR (D). 4Rk E 2= 42, 2020,42(12)

150-161.

LEI X Y,ZHANG X Y,LUO K. Research progress on pre-

diction methods and control of vibration and noise of ele

vated track bridge structure[J]. Journal of the China Railway

Society,2020,42(12) :150-161.

B IGEHE  VE IR [, R T T S T TR SRR T A A R

SRS BT BROE T REAE 4 ,2017,34(9) :96-102.

LEI X Y,WANG Z G,LUO K. Analysis of structural vibra-

tion characteristics of simply supported box girder bridge

[1

[

in urban transit[J]. Journal of the China Railway Society,
2017,34(9):96-102.
[12] ZHAT W,WEI K,SONG X, et al. Experimental investiga-
tion into ground vibrations induced by very high —speed
trains on a non—ballasted track[J]. Soil Dynamics & Earth-
quake Engineering,2015,72:24-36.
ZNE AR R A R AR HLIE A2 TE [T F R
PRI E ()] Pesh 5 vl ,2014,33(16) :56-61.
LI X Z,LIU Q M,ZHANG X,et al. Ground vibration in
duced by inter—city express train[J]. Journal of Vibration
and Shock,2014,33(16):56-61.
BNG IRER DR A RO R s T g R
AR B S B SE[T]. PR A0 R AR, 2016,51(5)
815-823.
LI X Z,ZHANG Z J,RAN W M, et al. Field test of ground
vibration induced by high-speed train on elevated bridge
[J]. Journal of Southwest Jiaotong University,2016,51(5):
815-823.
NG BRHEE  RHE A m R U - R - R R
i i 4R sl A% 8 AR WF ()], MR Sh 5 vh i, 2019,38
(17):58-64.
LI X Z,CHEN G Y,ZHU Y ,et al. Tests for cibration trans-
mission characteristics of a high-speed railway track-bridge—
soil system[J]. Journal of Vibration and Shock,2019,38(17):
58-64.
[16] wi) 32, A, BRI, 45, W 2R AT 51 R i 5 S B Ak
fik 34 1 4% 3 56 0 73 AT (J]. A £ 7177 ,2019,40(8) :3197-
3206.

[13]

[14

—

[15]

GAO G Y,XIE W,CHEN J,ZHAO H. Ground vibration
attenuation of viaduct and pile —group foundation induced
by moving high—speed train[J]. Rock and Soil Mechanics,
2019,40(8) :3197-3206.

[17] GAO G Y,BI J W,CHEN Q S,et al. Analysis of ground
vibrations induced by high-speed train moving on pile -
supported subgrade using three—dimensional FEM[J]. Jour-
nal of Central South University,2020,27(8) :2455-2464.

[18] ZHANG Y S,LOU Y,ZHANG N,et al. Attenuation and
prediction of the ground vibrations induced by high—speed
trains running over bridge[J]. International Journal of Struc-
tural Stability and Dynamics,2021.

[19] 3K oz, 523 iy 28 52 0 T A 0 1 def AL A B S0 O vk
FFE[D]. b3 . b 558 38 K2, 2019.

ZHANG Y 8. Study on propagation laws of the vibration in
soil and prediction method for buildings induced by traffic
loads[D]. Beijing: Beijing Jiaotong University ,2019.

[20] B . s 22 030 5 58 4 S0t T R 2 1 B0 A 5 [ D).
K - V5 R AC I8 K, 2018.

CHEN G Y. Prediction study on ground micro—-vibrations
caused by elevated urban rail transit[D]. Chongqing:South-
west Jiaotong University,2018.

[21] BIAN,X C,JIANG J Q,CHEN R P, et al. Numerical anal-
ysis of soil vibrations due to trains moving at critical speed
[J]. Acta Geotechnica:An International journal for Geo-
engineering,2016,11(2):281-294.

[22] i eae, EMSA:, H 00, 4F. W& 300 km/h & 3 51 4235

B 1o AR A A A AR S R PR AR AT ). AR AR ST R AR
2021,38(4):18-26.
LEI X Y,WANG P S,WENG L X, et al. Analysis of vibra-
tion characteristics of elevated box girder structure induced
by high—speed train at 300km/h[J]. Journal of East China
Jiaotong University,2021,38(4) : 18-26.

[23] BRa ik, AR T 52, RS L T3 BT M R T AR v B
ST £RIR[]]. MR 05T ,2016,39(1) : 137-142.

CHEN B K,WANG D S,CHENG H. Research review on
the application of viscous—spring artificial boundary in
earthquake engineering]]. Journal of Seismological Research

2016,39(1):137-142.

-

- /

J
E—1EEF R (1990—), L, WL AF 5 A W5 J7 19 S Uil
2 IABEHR s % . E-mail :2019019082300008@ecjtu.edu.cn,,

TALG £ 43



