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Analysis of Vibration Characteristics of Elevated Box Girder
Structure Induced by High—Speed Train at 300 km/h
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East China Jiaotong University, Nanchang 330013, China)
Abstract:In order to reveal the mechanism of vibration generation and transmission of high —speed railway
bridge structure, the vibration characteristics of elevated box girder structure induced by 300 km/h high—speed
train were studied by numerical method and field measurement respectively. Firstly, a three—dimensional finite
element dynamic model of the simply supported elevated box girder is established to analyze the vibration char
acteristics and transmission law of the elevated box girder structure when the train passes at a speed of 300 km/h.
Then, an elevated track in Gaoan—Nanchang section of Shanghai—Kunming high—speed railway was selected to
conduct field tests on the vibration of the bridge structure caused by high—speed trains, and the finite element
calculation results were compared with the measured results. The results show that the finite element analysis is
in good agreement with the field measurement results in the range of 20 Hz to 400 Hz. The dominant frequency
of bridge structure vibration is 31.5~125 Hz, the peak frequency is 31.5~63 Hz, and there is an obvious trough
at 16 Hz. When the frequency is greater than 200 Hz, the vibration level of the acceleration of the bridge struc-
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ture drops sharply. Therefore, the vibration reduction design of the bridge structure can be carried out according

to the frequency of 31.5~63 Hz. The vibration level of the maximum acceleration of the bridge roof is 88.59 ~

100.48 dB, and the corresponding peak frequency is 31.5 Hz and 40 Hz. The maximum acceleration vibration
level of the bridge floor is 82.96~94.29 dB, and the corresponding peak frequency is 31.5 Hz and 63 Hz. The

vibration of the box girder floor contributes the most to the vibration of the bridge structure.
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(a) Box girder finite element model
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Fig.1 Finite element model of elevated track box girder
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Tab.1 Track and bridge structural parameters

Parts Density/  Elastic modulus Poiss:on
(kg/m*) /GPa ratio
Rail 7 800 210 0.3
Track plate 2 500 36 0.2
Box beam 2 500 36.2 0.2

R2 EENHTESH

Tab.2 Calculation parameters of connecting parts

Parts Stiffness/(MN/m ) Damping/ (kN +s/m)
Fasteners 60 47
CA mortar 900 83

Bridge bearing 3 380 100
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(a) Car-rail-bridge finite element model
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Fig.2 Wheel-rail force calculation model and time history
curve of wheel-rail force
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Fig.3 Observation section and observation point position
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(b) C5 measuring point
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Fig.4 Time history curve of vibration acceleration of
various plates in mid—span beam body
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Fig.7 Time history curve of measured vibration
acceleration in mid—span section

KT 5 M A el A B R SR 4 R T 1) R Bl AR A
B A3 A R R RO 64T 173 AR AR A3
A5 S HH R 1) 4% S i ok A i 2L R S B ) 8 Y
G205 1Y 20 HAHE KX, 49 30 B b A A
A 1/3 AR IR Sl i B 4 Il 8 B

Kl 8 W TE 5 A A T, TR PO dik 3h
WA B AE TR TE 25~100 Hz Y5 A, 48 20 53 K
/N 0.020~0.060 m/s*; 3 A 14 41 gl 4 2 5 00 A 7
25~80 Hz J5 Bl N, 4k 8l 7K 7 0.010~0.035 m/s*; 16
A 1 AR Bl 3R 32 B4 A #E 30~60 Hz i[5l 4,
PRBhKFN 0.010~0.025 m/s; JE A H 0 B3R 3h 45 5
FF A 1E 40~100 Hz 75 [F A, 3k 81 K F 4 0.005~
0.035 m/s?, 5 I BT —HFE  7E 25~100 Hz JE R,
TOUAR R | A N 35 AR ) 41 20 i IO AR YR U/ )

W 32 25 10 4% 2 0 DL 34300 % R 31.5~125 Hz, I
BN 31.5~63 Hz, 7€ 16 Hz ZbF5 — 4~ W i A 9%
B 5 MR KTF 200 Hz B W 52 45 460 Jin ok 5 9k 9 2
JER B, TT LLER X 31.5~63 Hz S 5354747 2 45 k) ik

007 e
2 0.06[ 1 —-—72
\E/ 1 —~—73
= 0.05[ {1 ~74
2 [ 1 —~75
= 0.04 L o 76
i‘) | \
£0.03
<
£0.02
E
= 0.01

0.00 SN P N | | SO | | A | O | S| | o i |

16 25 4763 10716725 40763 100 160 250 400630 1000
Frequency/Hz

(a) Spectrum curve

mlOO o+ ——71
< 90 BRE S .2
g N ¥ ‘ 4 Ty "h" A Z3
R W e
£ 700 SRR i\ N7,
—g 50_::' \.i'
% 4—0_'_‘ ‘.‘.‘
£ A
—‘g 201 \\i
= 10|

0 Lo

|
1625 4 63 10 16 25 40 63100 160250 400 630
Frequency/Hz
(b) 1/3 octave amplitude curve

B8 HEHhEEENA /3 E5MEIRSNEE i &
Fig.8 1/3 octave vibration acceleration curve of each
measuring point in the mid—span section

PRI A 232 O 5 K B 9% 0 88.59~100.48
dB, X 7 B WEAE 45 R A 31.5 Hz A1 40 Hz; M7 B2 IR AR
B RN FE PR N 82.96~94.29 dB, Xif I fiY i {45
K 31.5 Hz 1 63 Hz, 4 J2 S AR 9% 2 %A 22 45 1 4
S TR K

4 BEMESIZNERILSHT

41 HESMKERTFE S

T ORE G2 s Hh A  TOURR Pl . R g & R
A O LA R A 3 PN R I A Y S 5 A BR T
A AT XS L O BT B S8 P S A R SR
—H, T g R anE 9 FroR

i & 9 AT, 7E 16~200 Hz 36 Fl A, 17 Bt
g5 5 M S AE W) A KA, SEE S BN TR
B4 4 0.001~0.015 m/s?, S HJE N E et T2
W T AR T A S BB AR B s, S ER UE
f AR AL L PR A B 1) N e AL TR LR I
(A7 S BBOR % o A o AL | 328 100 2 ) 3 () 4R 2
R R B34S AR e (%) 380l Aoy 2% 22 W T A R 1) 0 Y
0.07
0.06[
0.05
0.04
0.03
0.02
0.01
0.00

=004

—s—Simulation
—=—Measured

Vibration acceleration/(m/s?)

Lohsel Alllridhtk rbsdrubdl  [hifn-)
1625 4 63 10 16 25 40 63 100 160 250 400 630
Frequency/Hz

(a) Roof measuring point



24 EE I N I N= S S 14 2021 4
0.04 T YR 2, % S 48 0T 52 7 d5e /s A 181 10 B, i HL 3
o —=—Simulati S y s s s
T b . et A T TSR0 5 49 5775 i 2 36—, or 85
0.03 N
ST DI e RAR A 0.62 mm,
-2
= 0.02] 0.4
<
g B 02 — Bearing section
g 0011 ) — Mid-span section
g é 0.0 —— 1/4 section
T 0.00[1 E
=2 L £-02
- g
001 1 111 & _04
1625 4 63 10 16 25 40 63 100 160 250 400 630 =
Frequency/Hz .06
(b) Bottom measuring point
0.04 -0.8
& —*=Simulation ~1.0 | | I | L
= " Measured Y0 05 10 15 20 25 3.0
0.03 .
< Time/s
~.§ 0.02 E 10 7 [E) 47 2280 T 78 R TBUAR 40 7% A 72 i 2%
g Fig.10 Time history curve of displacement of box girder
§ roof of different bridge sections
5 0.01
= \ . N . y s o
%000 P11 M 32 3 A AT A 22 THUAR UL I A5 4k 5
= AT P AT 10T DL B3 300 kb 9 85 e
001 Lt L L L L L L L ) A5 R R 46 R R sl AR 32 AR A 0~200 He
16 25 4 63 10 16 25 40 63 100 160 250 400 630 NN SR el 2Py N N
Frequency/Hz 2Z [a), JH r G% v 4 T A DA A R 32.56 Hz, 1/4
(¢) Wing plate measuring point T R (R0 37,36 Hlz, B o 8 T 6 W 49120
s - 19.23 Hz,
o —=— Simulation
= —*= Measured
£
< 0.02 0.12
g
£ 0.10
(5]
;g) 0.0l _g 0.08+
3 =
= = ||
£ 0.00 2 0.06
£ <
S 0.04 [
01— 1 1 1 o0ouor1 1y
1625 4 6310 16 25 40 63100 160250 400 630 0.02
Frequency/Hz
(d) Web measurement points 0.00 Moo d 1. I
100 200 300 400 500 600 700 800
B9 #REN SRS INEE ST 5 Frequency/Hz

Fig.9 Comparative analysis of vibration acceleration at
each measuring point of bridge

e o SR T, B A 53 AT 45 R 5 0 45 R AE 10~400 Hz N
AR AR — B, R R 2E R 0.015 m/s?, BT
SRR RS REEER
4.2 FEEEIR 35 E 5

F T A 5% T00 A % 3 i) 7 S5 ok B i DAA 42 T0AR
(C7) AALMXT 4, HE5 4N EAF 81 T Hr iy 2 it
2 o MRS A 2RI A TR A S I O G 7 ) R o
AL M4 b, AT L 0 v T A e K, 174 8

(a) Bearing section

Amplitude

i 7 i I | I
200 300 400 500 600 700 800
Frequency/Hz

(b) 1/4 section



%5 4 19 eGSR 300 km/h 81 427 2 v AR A TR A R AR B R TR 20 A 25

0.14

0.12

0.10
0.081

Amplitude

0.06
0.04

0.02

0.00 w i T PO | |
0 100 200 300 400 500 600 700 800

Frequency/Hz
(¢) Mid-span section
11 7 [E) 477 2 40 T 44 22 To AR 4k 3 fm 32k 2 454 [
Fig.11 Spectrum of vibration acceleration of box girder
roof with different bridge sections

5 #Hit

!

W A ds L BUE D7 vk S B S, o b TR
300 km/h = B 5 K AR AR G5 R I 3N R R
FAGH I R DL NS5 .

1) Fr B 25 b 41 2 (0 AR 330 %2 Ty 31.5~125 Hz,
U {45 % A 31.5~63 Hz, 7 16 Hz AbAH — 4~ W] i Y
PEA 5 TR KT 200 Hz I 15 52 45 F49 in 33 38 9 4%
2R AT LB 31.5~63 Hz SR g7 5 e 45 1
R,

2) M TR SR R AR R 88.59~100.48 dB,
Xof IO £ W AR 49 % kg 31.5 Hz 1 40Hz ; B 2 i b 9 K
T BE AR 9% M 82.96~94.29 dB, X I Y s {E 45 5 Ky
31.5 Hz H1 63 Hz, #6 22 i A 4 ) X5 Ak 22 45 44 4 ) 1Y
DUk K

3) BF i 300 km/h 55 385 4 5| AR 945 K PR 3
AR 43 1) Sy TOUA 3 ) I 80 7K P fe R, IR IR 2
SRS AR /N | T8 AT W 92 45 48 I ) 42 1) Bsf 1 B
SRR AR R 3l , FLVE: 3 A A Al

SR I 300 km/h 55 5 205 K R AR AE G
SEA PR SRR FEBUE Sy AT ) 1 5832 B Matlab 1
PR - -G R GL 8 AL B U 31 1Y
P BRE B RIE N E] ANSYS = 4 #LiE -
PRGN 1A BT R 15 S B TE R B 25 1Y
PR N, A B e R 5 SR & RAFIER T 1%
T A M

SE
(1] 7 WEAE SR, B i S 0 A T 2 4 i 3 5 R A

I 75 3 K A T BIF 5 o JRE (D). 6l 2 4k ,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 structures[J]. Journal of Railway,2020,
42(12):150-161.

[2] X2, JH A A5 LR A R T IO AT A
W A 9 BF SE(J]. RS 5 R B 45, 2019,39(2) : 140~
144.

LIU X L, YIN X J,KONG X F,et al. Experimental study on
structural —borne noise control for urban metro viaduct[J].
Noise and vibration control,2019,39(2) :140-144.

[3] WAYE K P. Effects of low frequency noise and vibrations:
Environmental and occupational perspectives|]]. Encyclope-
dia of Environmental Health,2011 :240-253.

[4] WAYE K P,RYLANDER R. The prevalence of annoyance

and effects after long—term exposure to low—{requency noise|J].

Journal of Sound and Vibration,2001,240(3) :483-497.

/N LI A T R AR TR N N R A B R R PLEE

FEPEREFE[D]. 220 . 2% N 5838 K2, 2019.

ZHANG X A. Study on phonate and characteristics of a-

coustic radiation of elevated railway box—girder bridge[D].

[5

—

Lanzhou : Lanzhou Jiaotong University,2019.
[6] AP B 225, B, 45 TR 2R 4 BR Iy LI 245 4 4k 3l I X
Ko e B (52 0 43 M (D). 45 Rl 45 44 ,2019,36(3) - 116
120.
LI Z X,LOU Y,LU Z C,et al. Vibration test of elevated
subway track structure and analysis of its influence on
viaduct[J]. The Special Structure,2019,36(3):116-120.
BRI, B IDUSE , 7R IR G, R A I 45 A AR B R 1 4 T (D).
IR A KA 2E 4, 2013,30(6) : 1-5.
ZENG Q E,MAO S M,LEI X Y. Analysis on vibration
characteristics of elevated track structure|]J]. Journal of East
China Jiaotong University,2013,30(6) : 1-5.
[8] Fr i, T IGE G, SRl B %15 T 4k v AL U 45 4 4k 2l R
SCMAWESE[)]. W SR SR, 2019,39(5) - 142-146.
FANG J,LEI X Y,LIAN S L. Experimental study on the

vibration characteristics of elevated track structure for pas-

—
~
—

senger dedicated line[J]. Noise and Vibration Control ,2019,
39(5) : 142-146.

[9] A1) H A% 30, sk /g2 45 e SRR =X 00l X B A 3 45
W7 A O AT (). MR S AR B4 T, 2015,35(1) : 160-164.
SHI G T,YANG X W,ZHANG X A, et al. Noise radiation
analysis of box—girder structure in slab track section of
high—speed railways[J]. Noise dnd’ Vibration Control ;2015

35(1):160-164.



26 L N ]

e o

% o R 2021 4

[10] SRt , sk Ad o, 42/ B AR IR & B 00 40 I 32 42 ik
Bl MR (] WS S PR HRR L 2015,35(1) :89-92.
ZHANG X,ZHANG J Q,LI X Z. Analysis of train—induced
bridge vibration and noise based on beam—plate hybrid el-
ements[J]. Noise and Vibration Control,2015,35(1):89—-
92.

[11] ALTEN K,FLESCH R. Finite element simulation prior to
reconstruction of a steel railway bridge to reduce structure
borne noise[J]. Engineering Structures,2012, (35) : 83-88.

[12] CHV K H,GARG V K,BHATTI M H. Impact in truss
bridge due to freight trains[J]. Journal of Engineering Mec—
hanics, 1984,111(2) : 159-174.

[13] BB, 50 hs , £ = w50 —iE — A 2 3 S A
HAE R R BIRY)). R TR ,2005(11) :132-137.
ZHAI W M,CAI C B,WANG K Y. Mechanism and model
of high—speed train—track —bridge dynamic interaction|[J].
Chinese Journal of Civil Engineering,2005(11):132-137.

[14] B Geae , TEIR IR, 2 4R . Sl Ty U308 S 7 S A SR A9 45 44 I

SR AT(]. BRIE TAR#,2017,34(9) :96-102.
LEI X Y,WANG Z G,LUO K. Analysis of structural vi-
bration characteristics of simply supported box girder
bridge in urban rail transit[J]. Journal of Railway Engineer-
ing Society,2017,34(9) :96-102.

[15] B 4, VEIR [, 7 e e, 45 5L T AR LR AL 2 00 1y 157 S A
YR S AL b RIS, 8RB 24412 ,2019,41(5) 1 142-148.
LUO K,WANG Z G,LEI X Y. Study on vibration trans-
mission characteristics of simply —sup ported box —girders
based on similarity model test[J]. Journal of railway,2019,
41(5):142-148.

[16] ¥4 /bW . 38 A2 fe HLAE B2 4 3 48 Pk A5 AL I35 B 52 (D).
B AR R ACHE 2, 2017.

ZENG S H. Experimental study on vibration characteristics

of viaduct box—girder for rail tramsit[D]. Nan Chang:
East China Jiaotong University ,2017.
[17] NGAL K W,NG C F. Structure—borne noise and vibration
of concrete box structure and rail viaduct[J]. Journal of
Sound and Vibration,2002,255(2) :281-297.
2N R T, JE T B R o 0 0 o 2k R A
PR R OE)]. £ TR 2%4,2016,49(5) : 120-
128.
LI X Z,SONG L Z,ZHANG X. Study on vibration trans-

(18

—_

mission characteristics of high—speed railway simply—sup-

ported box—girders based on in-situ hammer excitation test

[J]. Chinese Journal of Civil Engineering,2016,49 (5):

120-128.

ARG, A FROTE[M]. dbat . v g HRRH: , 2000.

LEI X Y . Finite Element Method[M]. Beijing:China Rail-

way Publishing House ,2000.

W ZE/NE AR S UE S T IR AL A

B G2 B g e R A B2 R[], BRAE AR ,2021,43(4) . 150-

157.

XIN L F,LI X Z,XIAO L,et al. Effect of stochastic track

irregularity on dynamic response of high-speed railway

bridges[J]. Journal of Railway,2021,43(4):150-157.

[21] AR5 Je , AR 0T <=, BB, A5 o 2 vy o R S 003 905 78 4
RA T 0 13 R LG, R E B2 5 TR 2 4R, 2021, 18
(5):1090-1097.

ZHENG X L,XU X Y,LI Z,et al. Comparison of applica-

tion of track spectrum of high speed railway between China

[19]

[20]

and Germany in vehicle bridge coupling[J]. Journal of
Railway Science and Engineering,2021,18(5):1090-1097.

(DAL . 290 xI4R)



