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Investigation on Vibration Noise of Modular Bridge Expansion
Joints Based on FEA
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Abstract:Modular bridge expansion joints(MBEJs)is a common form of bridge expansion. So far, it is widely
used by different kinds of bridges. However, the noise of joints under vehicle load is still a problem, which
seriously influence the life quality of surrounding residents. The paper takes MBEJs as the research object to
study the vibration characteristics and noise characteristics of the expansion joints. Several finite element
analyses(FEA) are conducted to study the influencing factors of the first-order vertical mode and the variation
laws of multiple modes of MBEJs. Besides, analyses for the acoustic frequency responses of joint-cavity
system and the acoustic modal responses of the cavity are conducted by using the numerical simulation
method. The above results are compared to study the generation and transmission mechanisms for noise of
joints under vehicle load. The results show that noise of MBEJs is caused by coupling action of vehicle-
induced vibration excitation and cavity acoustic mode excitation. The noise can be reduced by packing and
sealing the lower cavity of expansion joint.
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acoustic frequency responses; acoustic modals

B R g 5 B A R MM B2 — HT o s B . K 46 4% (Modular bridge ex-
TE I T B A R [ R TIE 45 05 2 4 7 M 3 pansion joints, MBEJs) 7 b — Ff & UL (1) BF 22 1 45

BEE£WE : {E A RB:3 4 (52378287),
I f5 H #5:2024-08-17; 11T H #8 : 2025-01-23
WEMESE 2, &, TRIT, E-mail: 827788939@qq.com

SIS 2RI R, % BT RIC o W BB 46 S PR 2l M A R 9R [T]. st i zs i R R 224k (A
SRBL2F R ) , 2025,57(1) : 186-194. LI Ruiqi, SONG Xiaodong, CHEN Suhua, et al. Investigation on vibration noise of
modular bridge expansion joints based on FEA [J]. Journal of Nanjing University of Aeronautics & Astronautics (Natural
Science Edition), 2025, 57(1):186-194.



%13

ZEEmHL,AF 5 TAT BROG 2 A A R feh 2 S R 0 P 187

SR, BATBE 2 N T A R R TR, HrE
3 AT [ L1 T) Aot 0 O T R — R L £ A e
AR e IS RY B A5 A R AR R S ik
Ho 30, AR A A AR A5 ISR R R R R
PR AR AR TN . S E R 2
0 45 4% B AR VA7 2T (0 R Bl M R ) R K 5|
AL G i, W ) ™ R B R 25 PR R AR T PR AT 7R
B 8 M DA T JE i B IXA A T R L MR A AR TR
FEFHR 2l , W W BIF 5 00 A Joit S 1o 45 4 2 B00IR 20 o0
Jo A% 2 W 7 JE B A SY

B PN A A S R 4 B 04 7 B0 Bh 1) R
R R, faf 22223 Steenbergen T 2004 4 X
S A 457 5% 2 4 fr 480 80 )RR MR IR AT T 0 M, R 2
ST R KB A T 00 T Ik e M T B A 4 A
AR v R R [ 5 £ A R 04 8 T e A R
M 157 1 31 7 R R BB T R, L K i 4 e e 2
B s SRR . Coelho T 2013 4% 5 T
BRPE IR KA M AR 2 AT T I IR B0, 10 % 45 5%
s R, o 5 HE B A R AT X ™ PR a8
K2R RER T ABAQUS FIMATLAB 1844
2 A0 45 4% sl 3 R ST, 6 A5 BR T 43 BT (Finite
element analysis, FEA) J7 LR 5T T i 4 45 3 )1 ¢
P48 TR R e A e IR O A T 2R

A L 55 Sy o e A 0 A 0 4 A SR B i 5
B0 XA 4 4 B 3h W S 0 A A TR B B B
Ghimire %78 2009 4F #E 17 $H 5 BT 0F 5, 06 FH AT
B T -301 5 TC R B 40 W I AL T AR 8 e A 4 A e
7P A M AEHE 3 . Ravshanovich 2817 F 2007
A A St A 50 e A e i 0 M A L AT T R RO
RIS, N — A BB I 4 A RS Y 0 R R
R A6 VR4 LUK ) 2 0 0o 0% 4 B I G0 s 3 45
AR A B S 7 G 8 o i AR A, DB 9 A X
i 4 4% 19 W B 5 3R 3h 4R M . Marriner #1 Wake-
field'™ F 2016 4 J& F iff F A Hb DX G2 114 e 75 512 30
BOHE AT T AT 4 3k AR v AR A i iR 2 1 7
PR . Reinhall %1 F 2022 4F ¥ J& T — FR 5 4
B e 5 4 [ R F 5T

B P AT G A 45 B o TR A DG AT 9% B B4 T AR 4%
S oA MR e 205 5 7 S BIE A2 WA O A 45 S I Bl e 7
PRI TR Ry R e MR o 457 5% 7 S R 28 2 R TR
R % G G R N A TR L Y & v S
B | I [R) ol 245 1 [ M o 455 &, kg AFF 75 e 24 e W 75 AL
B TR B SR

FF UL B ER A SC 2L D320 S (e K i
%5 1t 320 mm ) A B E5 A 6 4 0 BIF ST 0 42, TEAT A
245 4 A SH AL R RS B 04 20 BT, 8 S AR B A 4
B — v 1 i) B 4 B i) R 3 DA S 22 B iR B RS 1

ARPCHLR o [ I 3 T A AR R AT P 22 A o3 B
TIPS RS AT, AT ek 4 48 W P ) 7 A AL B BIL
I Rt HAT AT AT R R B D P R O

1 R g5 48

B A 4 4 28 th i 5 R 3 R A
W i) SR A (1 3 SR A R R ORI ) K
F- 55 ) 33 | 1k KR A% SR A, T R 43 R S
R LR G A EERE . RE @A
A e B R T B ST AR O ) AR B 4 SOK
T P 3 2o S VO ity 1) S B A 3o 2 R A
TRZE Y o A 25 4 725 {7 ek 3 Ao 7K S 35 5 A 188 ] S K
S5 I R VE SR o 2 46 A IR R AR B
B S A & 2B 9 B AR v R i v Bl SR
SEAERE L 20 A W B ] ol A R SORAR P I i 5
T DA AR A, 7K T B 1) 3 58 i) 4% B [ R
517284k

PRI A 4 S 174 8% 1) S R B 43 O LT T
(1) B SR M PR SR (2) WX
AR TR R T TR o B S e I AR Ak
7 Fl 20 000~100 000 N/mm, B J& % ¥ 25 16 78 Fl
0.5~12 Nes/mm'*,

D320 iR i i 4 il 3 5P 2 2 kLR
8 ZR K R A B, v 2 [ B A% 4K ] 0~80 mm, G fif
454 320 mm, B FE A 1.5 m. D320 £ & 2 i 45
B ST TATAL) T NV TR AR 3 3 A 1.2 R .

Lvpig; 23098, 3R A LK, S 0RAH;
OGRS SORTEE; 70K F BB
SARIRIE B SR 9 A
Bl 1 D320 84 46 48 S 1hi 4G
Fig.1 Facade structure diagram of D320 MBEJ
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Fig.2 Plan structure diagram of D320 MBEJ
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Table 1 Comparison of the first-order vertical vibration

frequency and the first-order vertical mode

participation mass coefficient Hz
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80 60.4 84.2 101.6 115.6 127.3
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Table 2 Modal analysis results of D320 MBE]J
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(a) Vertical rebound of central beam

(b) Low step vertical bending of central beam
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Fig.5 Typical model shape for Stage 1
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Fig.10 Vertical displacement of mid-span action point by

harmonic analysis
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Fig.12 Acoustic finite element model of the cavity under
MBEIJs

(a) The 1st order: 14.0 Hz

(c) The 3rd order: 41.7 Hz

A3

(e) The 5th order: 44.0 Hz

(d) The 4th order: 42 Hz

(i) The 9th order: 69.9 Hz (j) The 10th order: 70.0 Hz
K13 2 AR 4 R

Fig.13 Analysis results of acoustic modals of the cavity

under MBEJs
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Fig.16 Spectrum analysis of sound power level for the joint-

cavity system
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Fig.17 Cloud maps for sound pressure level of the joint

cavity system
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Fig.18 Acoustic infinite element model of the joint system

without cavity
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Fig.20 Comparison of the spectrum analysis of sound power

level between the joint-cavity system and the joint

system without cavity
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Fig.21 Difference of the spectrum analysis of sound power

level between the joint-cavity system and the joint

system without cavity
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Fig.23 Comparison of the spectrum analysis of sound pres-
sure between the joint-cavity system and the joint

system without cavity at representative point A
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sure between the joint-cavity system and the joint

system without cavity at representative point B
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