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Vehicle-bridge coupled vibration of highway double-deck steel truss bridge
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Abstract: In order to study the impact effect of vehicle-bridge coupled vibration on highway
double-deck steel truss bridge. contact point between wheel and bridge surface was regarded as
fringe, vehicle-bridge coupled vibration system was divided into vehicle subsystem and bridge
subsystem based on separation method. The motion equations of vehicle subsystem and bridge
subsystem were established respectively by using virtual work principle and finite element
method. Vehicle subsystem was connected with bridge subsystem through displacement
coordination condition and the balance relation of vehicle-bridge interaction at contact point
between wheel and bridge surface, and system response was obtained by using iterative method.
A highway double-deck simply-supported steel truss bridge was taken as study case, 3D beam
grillage finite element model was established by using ANSYS software, and the influences of
vehicle speed, bridge damping, bridge surface roughness and different loading modes on vehicle-

bridge coupled vibration were studied. Analysis result indicates that there is not very regular
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function relation between vehicle speed and the impact factor of highway double-deck steel truss

bridge. The impact factors of internal force and displacement for all bars become smaller with the

increase of bridge damping. Bridge surface roughness is an important incentive for vehicle-bridge

coupled vibration, poor bridge surface can make vehicle vibration more intense, and can induce

greater impact effect on the whole and part of bridge. When loading modes of single layer and

double-layer are different, the whole dynamic responses of bridge change little, the local dynamic

responses of bridge are more obvious, so local impact effect should be considered in the design of

bridge. 4 tabs, 7 figs, 21 refs.
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Fig. 2 Bridge surface roughnesses
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Fig. 3 Solution flow of vehicle-bridge coupled vibration
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displacement for simply-supported beam

B THGRE ERG . PRI, it 8
ANHIE . E T PR 4 B8 B B A B LA 5L
T @5 By YL AL F BT 1) P LA D
3.2 HRERETREBERERRARSY

ASSCR R L 3 A BROCHE e ANSYS 57 42
A5 ) A% A KR T A6 TR L A5 T AR R AU
PR A A S PR, T 10 936 A5 4.5 798 4>
RETT, LI 6. i AR T 0URh 4 i R A
B AR SRR R 1 A
3.3 HmERH

S (o B R BT AT YE ) (JTG D60—
2004) 1 oty 22 I 7 S B S9ATT S AR 45 A R
N AL 550 ) b RECE Ll

P _ Rdmax - Rsmax
R= —
R max

T s R 4 30 7 53 A7 B AW T W 42 3 3wy 7 e K
{EL 5 R e A 1 TR TR SN AT 42 00 17 5 A
3.4 ENBAIRIZEMBSE SN
3041 F4mik

SR W G 2 505 3 BE Xk e R A 2l 1 5 e 4 3]
SRR 72,108,144 km « h "B FF 2 0 4§ 3l
NS AT AR BEBEJE L ¢ B 0. 03, m#Ek o o b
T2 4 FEEAAE . AR EENR ET R E A
Bl Sy AR WL 2.

(9



% 6 4 X KA S F RIS R E AR SR 25
1 HIMT 2 B3
2
. L 112 WHR T
(a) FEMLE
1/2 EFBE R 1/2 FFEE
56 56
(b) “PELFIE
of
®
3
@
©)
3 BB
E= i — PR
(c) HBBETFm
;‘%1 T I T T 1 1%:
l/ \
g ;
= (b) Wk
||| L B 6 AR
__%l 1 1 1 1 1 1 __] Fig. 6 Finite element models
I 1 |
1.9 6X2.35 1193 e frm M 2 AT LUE 1 SR B 45 #4430 I3 e iy 5 %
@ L-I#mE RIS A Y AR feka e b REOFAERE %
5 BRI A B VI KT R MR IR 4. 2 ZE AL 72 km + B
Fig. 5 General layout of bridge ij(@] 144 km « h™! H‘T , %’ﬂ:’ﬁ: ‘{Eljf'f,%ﬁf‘ﬁ?}ﬁd\}a
*2 AEEEREEFH3hH00E
Tab. 2 Dynamic responses of main bars at different vehicle speeds
e/ mm #J1/kN
S8 LARGR
72 km e+ h ! 108 km » h™ {144 km « h™! il 72 km e+ h ! 108 km » h™ {144 km « h™! wh
FE R —33.50 —33.00 —35. 30 —30. 20 120. 00 125. 20 124. 00 107. 10
IO NSibl iR —28.40 —28.00 —30. 30 —25.20 2 298.00 2 266.00 2 404. 00 2 022.00
W | FRG YR | —34.60 —34.10 —36. 30 —31.30 —113.60 —112.10 —119. 20 —102. 20
T —28.90 —28.50 —30. 80 —25.70 —2610.00 | —2658.00 | —2 732.00 | —2 310.00
IELE o 0.11 0.09 0.17 — 0.12 0.17 0.16 —
ik AT 0.13 0.11 0. 20 — 0.14 0.12 0.19 —
RH | FTRbBYRE G 0.11 0.09 0.16 — 0.11 0.10 0.17 —
Fo%FF 0.13 0.11 0. 20 0.13 0.15 0.18
B R AH SR U 8 i AT G TR S R e AR T X R 3 AN W] BELJE B B B 2 5 o 5% A S5 0

N ORL I iy A
3.4.2 HRME

Sk BE 5% AFF S B %o XL AR 2 4 R I 3l 1 52
Wi 43 3SR A#BELE e & 0.01.,0. 03,0. 05 IHHF 22 1Y
ShAS IR R . AT TR 0 326 P EE ARG B AR I 2 X
N ET)E 4 EBEAR AR LR ETZE
SERF A4 Bl o e g A L2 3.

SR i O AE K oy 2R 8 AT DL L B B JE EE Y
i NRY 7 ol =R R S A AN i A SR S
AP 5L /N H L X R T R P JE RE 8 4 R 4 i
TERERL T RUAE — E B R L AR A5 4 1Y g g i
W 5 SCBR A B BT I, AT LA 08 O Y OR A R
L5 R RELJE - 0 51 AHT AR 0 0 RR SR A L LU
A R A RS



26 X @ B MmO I B F R 2012 4
* 3 A[EFEE L 3= Z A 430 R
Tab.3 Dynamic responses of main bars with different damping ratios
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Fig. 7 Axial force time histories and impact factors of main bars with different bridge surface roughnesses
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Tab.4 Dynamic responses of main bars with different loading modes
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FE | FRPURE S 0. 09 0.10 0. 09 0.09 0.10 0.09
TR E 0.11 0.12 0.10 0.12 0.13 0.11
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