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Contribution Source and Spatial
Distribution of Concrete Box Girder
Low-frequency Noise in Rail Transit
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(Institute of Rail Transit, Tongji University, Shanghai 201804,
China)

Abstract:
supported box girder of rail transit as the research object,

By taking double-line concrete simply
a vehicle-track-box girder finite element model and a box
girder structure-borne vibration-radiation noise finite
element model-infinite element model were established.
Combined with field tests, the sound pressure distribution
of whole box girder and each plate was obtained by the
model, and the sound pressure contribution of each plate
was analyzed. The results show that the finite element-
infinite element model can accurately predict box girder
structure-borne noise. The contribution to the sound field
of web plate is less. The sound pressure of the near field is
mainly affected by bottom plate, followed by wing plate.
The sound pressure of the far field is mainly affected by
bottom plate and top plate. In the space below bottom
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plate, the noise radiated by bottom plate dominates the
sound field. At the same height of the box girder, the
sound pressure contribution of roof plate is slightly larger
than wing plate, and these two plates play a major role. In
the area above roof plate, the sound pressure contribution
of roof plate is much larger than other plates.

Key words: wurban rail transit; box girder structure-

borne noise; finite element-infinite element; plate sound

pressure contribution; spatial distribution of sound field
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Fig.1 High and low irregularity of track
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Fig.2 Cross section of box girder (unit: mm)
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Fig.3 Finite element model of vehicle-track-box

girder
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Tab.1 Simulation and measurement values of
vibration acceleration level of each plate
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Fig.4 Vibration measurement and simulation octave

of each plate
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Fig.5 Simulation model of box girder structure-

borne vibration-radiation noise
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Tab.2 Simulation and measurement values of noise
pressure level of each plate
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Fig.6 Near-field noise measurement and simulation

octave of each plate
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Fig.10 Sound pressure contribution coutour of each plate
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Fig.11 Sound pressure contribution coutour of each plate from 40 Hz to 50 Hz

3.2 BWMGIEEEHINEES R

FE AAHRAF R B AR P R DTk AR/ )N , 76 7% B e g
TR T IO 05 5% 18, 1 H e R A 45 M A
1~200 Hz 3Bt N I 75 e BTk /NG R |, 4R G — 5
AT LA A 3A X 8k, 4 13 R

(1) FEJEARIE T 7 A& T J5 30° X4 P (X 5
1), AR sl X 37 1 W e 2 A, O FLAS A
(475 BT IR/ INIG g P A > 3 A > il > T .

(2) TERLANIE L7 (X 38k 2-1) S HE A L5 20°

DX (X3 2-2) , TR IR 80 06) 37 051 75 1 ik e K (34
KT 50% , I HAEFAZRIE 7 154 Rl (X 3k 2-1)
KF100%) , Hk A3 A (258 20%6~40%) B i
(2920 10%~20%) , itidie/ N, il ZWEANTT o

(3) 7 ik 24 IR LIS M 23 [V FEL (X 3)
PR A 3 A 41 2h 7 R BT K AR AH 2 (295 20 %~
50%) , KT (L4 20%) , Bt/ NNF20%) .

ZEAE 10 ME 1353 Hrnf 44 .

(1) NSRRI A RE, T



338 [/ 5% K 27 22 WA R B 22 i) A48 3
FRTIHR / % 1 FHETTER / %
180
160
g 105 140
~ 9 «(((k(@)
X 8 =) 120
iE 7 100
: z :
= 4 60
; 40
1 30
0 5 10 15 20 25
ST / m SR FEIE / m
a JiRiR b K
5 FEETTER / % -
12 250 12
11 11 =
Y 200 g19 (=
o 8 o8
g - 150 g z
6 6
£l 100 = 5
= 4 oy
3 50 3
. 0 idsn\ (N
0 10 15 20 0 5 10 15 20 25
S5 IE S / m SRR OEEE /m
¢ ThAR d B

12 100 Hz b ERHEERBK=E
Fig.12 Sound pressure contribution coutour of each plate at 100 Hz

25

E13 FHXEFES5S (B :m)
Fig.13 Sound field division (unit: m)

JE EELAZ SRR S 52, FLUREE AR, 0 T To0HR Al
AR 5 76 37 7 2 el RARCRN TOUAR ) B sh e, KT
MR, AN

(2) DA b T 55 B2 1) A B DR, 30 M T DX 3 (R
HiyTT O~4 ) W 75 4B 24 75 1 B kR /NI A < JES A
R T I, AR, TR /N o X T4 JE R
Y (R T LA B D), AR 7 R sk /NI >y
TR =Bl > TN >R . AR TIOR DA AR A L
DI , TOURR 75 e STk 30, P 2R
TR AR FHE A S e DTRRIEASTE 10 96~20 %6 5 X0 T Tkl
DL L3, ToUb A R SRk ATE 5020 DAL, TOARGE -

75 75 FEBTHREL 2T 100 %0 , 1R T HAt A Al
A 1) 0 3 1T 8 S 20 i e A S MR 7 )
EENER, SR 1. 270 (05 RS 3 A rh TR JER
PR sk, 3 Ho i TR AR i AU T IR A3 AR, Ik
SRS AR R, IR AR AR BITE TR AR LT DX
ERAEM . AL RSN TR, UK TR
A, AEL P AR SRS B S T, TOURSCAIR S0 i 5 g e
FOXELAGE S 2 A BT e T 7 DX, AR Ak 1]
B/ NT AR, PRI 7 505 F A2 AN

4 ZHie

(1) KA BT JCBR TR ZE A W i B4
DReb RS B RIS B i R A A — A BRI
BT LA sk B 22 B4 58 LTt SFe 14 T A8

(2) £ 1~200 Hz S Bz N, IR AR T3S 7 3 1
JEBTRRIE/INT 2096, 78 4 AR IR P B ik e
AN o JEEMIE T 7 R T 5 30° 75 3 PN Sk I A &5 ) M
7 R X A, 7 R T ks £ 50 %0~100% . 7E
TR IE b KRk 107 20775 SN, TR B 3 24 il 4R
F 75 R STERIITE 50% LA b FERT IR G X kA, i



5 3 1

TR, 5« U S T AR T AR TR A 7 DOk U B 2 ) A 339

i R B A s 55 g Wit s (1) 2 B R, R B R Bk
Z A FN60%~80%

(3) 7575 5t W 7 g e {401 B 40~50 Hz I ey i
WA B3R 100 Hz &b, 5 AR AE B2 75 3 1) 75 1 BT ik
I3 A A S 7E 1~200 Hz 45 B AR — 2, X510 R 7 i
FEEHLLZE 20~30 m A% T i 1 Ak LA S ML 1T 9 m 4b
RATHWETW.

(4) 7£ 1~200 Hz Wi Bt N, 337 75 e 252 s
52 (50 %6 DA B FLUCO 3 A, W KT T Rl
Mo AR A S W 75 e 28 378 15 P R Bk R /NI
¥R < JEE AR TR R T3 A, WS R R A . X3 b
T 85, 25 A A 75 R ST R/ NI < AR > Bl >
AR > THA . AR RS R LA T ), 7 R sk ok
SN SR D A > 3R > TR > RE M . 4 42 TRl — v
J& |, TOORR 75 Dk s oK 3eb , o ke SRR L i
JEC BRI Al 4 75 R STk JLF- ml LA o TR LA 23
[, TR A 5 AR, 9 ELA Rz K HAbAR A

SE K

(1] MR .HEE TEIMI] B FSREEB L, 2006.

LIAN Songliang. Track engineering [M]. Shanghai: Tongji
University Press, 2006.

(2] 2N, TMiL, R4, 55 . NG R e JEAT B X B e it
[J]. s S5z shF0, 2013, 33(2): 183.

LI Xiaozhen, YIN Hang, WU lJinfeng, er al. Testing and
analysis of noise from the elevated bridge of Cheng-Guan rapid
railway[J . Noise and Vibration Control, 2013, 33(2): 183.

(3] FE. g e 5 oo DA S 0 SRR (D ). pa st Mt
K, 2014.
TIAN  Feng.
countermeasures for high-speed railway [D]. Nanjing: Nanjing
University, 2014.

[4] MIROWSKA M, MROZ E. Effect of low frequency noise at
low levels on human health in light of questionnaire investigation
[C]// Proceedings of the Inter-Noise 2000 Conference. Nice:
Institute of Noise Control Engineering, 2000: 2809-2812.

[5]  WAYE K P. Effect of low frequency noise and vibrations:

Evaluation of noise annoyance and

environmental and occupation perspectives[J]. Encyclopedia of
Environmental Health, 2011, 2: 240.
[6] A AFEFAL IR PAHLE 3 R E SR vk RERT 7S
[D]. dbst: JEsisgili Rz, 2013.
LI Yulu. Research on dynamic characteristics and vibration
reduction performance of trapezoidal sleeper track on different
bridge types[ D ]. Beijing: Beijing Jiaotong University, 2013.
(7] RWEAR, ZEar, RER . PUIE A IREE T B P ESIE = Tl
Jrk[T] gkili2E, 2018, 40(3): 126.
SONG Xiaodong, 1.I Qi, WU Dingjun. Low-frequency noise

prediction method for rail transit concrete bridges[J]. Journal of

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

the China Railway Society, 2018, 40(3): 126.

WU Tianxing, LIU Jiahua. Sound emission comparisons
between the box-shaped and U-shaped concrete structures for
elevated railway [J]. Noise Control Engineering Journal, 2012,
60(4): 450.

A, WL, 17T SR SE i 2 R ) AR AT Uk Sl i S s
MEAITAG LT IR TR, 2011, 24(3): 221,

ZHANG He, XIE Xu, SHAN Xiafu. Evaluation of vibration
and radiation transient noise of steel box girder bridge caused by
traffic load [J]. Journal of Vibration Engineering, 2011, 24
(3): 221.

LI Qi, XU Youlin, WU Dingjun. Concrete bridge-borne low-
frequency noise simulation based on train-track-bridge dynamic
interaction [J]. Journal of Sound and Vibration, 2012, 331
(2):457.

e, SRfdEE, 220N IRA FE-SEA R AR I
Pk ik [V ], sl TREER, 2016, 29(2): 237.

ZHANG Xun, ZHANG lJianqiang, LI Xiaozhen. Predicting
low-frequency noise of box girder by hybrid FE-SEA model and
its experimental verification [J]. Journal of Vibration
Engineering, 2016, 29(2): 237.

TR . A BUERG S0 2= ML AR Jbat Bl R,
2015.

ZHAI Wanming. Vehicle-track coupled dynamics [M]. 4th ed.
Betjing: Science Press, 2015.

R B ST A AL S IO SR (D] R s e
FASE R, 2012.

ZHANG Xun. Research on noise prediction and control of rail
transit bridge structure [D]. Chengdu: Southwest Jiaotong
University, 2012.

PR . LB AP B A B Y BE L AR R A DRSE[D ]
i SRR, 2012,

CHEN Dongmei. Research on random number generation
algorithm in numerical simulation of orbital irregularity [D].
Shanghai: Fudan University, 2012.

MR, AR5 . VirtualLab Acoustics P24l B TR MA T 18]
K@ M. 7% PEIL Tl k2 kL, 2013,

ZHAN Fuliang, XU Junwei. Virtuall.ab Acoustics acoustic
simulation calculation from entry to proficiency [M]. Xi’ an:
Northwestern Polytechnical University Press, 2013.

MRS, TEMR . —MoBr R TCRICEE [T]. $R3h 5 by, 2003
(3): 23.

YANG Ruiliang, WANG Hongzhen. Novel acoustic infinite
element[ J]. Journal of Vibration and Shock, 2003(3): 23.
Fefdt, ZEFE, RESRIER . JET Abaqus (M7K T 4544 75 55 50 1
Jrg I HEAUBY TR, 2015, 24(6): 37

WU Jian, LI Zecheng, XIONG Chenxi. Simulation method of
acoustic radiation of underwater structure based on Abaqus[J].
Computer Aided Engineering, 2015, 24(6): 37.

TR, F e . ST AU A 3E B2k U R BE R Sl 5 MR O3 BT
[J]. BRI TR, 2017, 34(5): 89.

LUO Wenjun, CHENG Long. Analysis of vibration and noise
of single-line U-beam in urban rail transit [J].
Railway Engineering Society, 2017, 34(5): 89.

Journal of



