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Fig.2 Road surface roughness samples of grade A,B,C
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K4 Brmn
Fig.4 Damages of bridge deck

K H A BR TR T ANSYS @ 57 % A AR
A, T SRR SR FH R T vk B LU A TR B A
1, BUAE e AT b % FF X Y0 s B IR AT EE ST 2 AR R
JG , K I beam 189 %% B 5T A5 401 4% A5 T 466+ 44 14 1) 4K
BN IRIREE & 5 T SEAT X R S LI AT ST 3R
P TT A LARAF BT, R H beam 189 % B 5T 5 1 4K
FE A AH DS RRL A , R 1ink8 FF 5 50 B U 15 R
TR 2 . EMTIEAT B R H beam 189 H1 T

o 2355 5 0 B2 S AR X E A A, v DU
M 10 A8 2 5 1 A7 1A 55, T LA R A v R
FHTF 1A G G A8 T 5 o A8 2 L R L RUEE SR AT (41
K beam 188 FE FALIT AL . Fl 95 il 25 20 A 1 A 3
2, B S L2 mAGE 85, NI A%
T ] 2 O A T A R BE L AT AT EE S S e, X
T T RS R A7 B | R ) 8 R R O s R e A
[l A R H Shell63 72 ool . 2 Fr it 1223477



106 & 3 T

95 35 %

RO 2157 AN 0T . M RS R i BRI h  ar R
W G 1) R ) — ) S 7R 4 R I B S PR AL AL,
— {0 S R e HE Bl  S SRR  B  As [E) A FR e AR
YR ZE - BTN BT 5,6 TR .

KI5 A BROT K
Fig.5 Finite element model of bridge

BI6 - s
Fig.6 Vehicle-bridge model

K H Lanczos WK M A5 10 F IRAEE  BF 2 0
HI LO B A PRAFHEFNRT 4 B AL an 2k 1AL 7 B s .

AT R LR 7 25 BL45 - M GRS I R 4 55 1
WITBAE i KA 2276 1096 LA, BEBH T @ AF 2 19 A
PR T Y RE A% S Wi 45 40 L2 B0 ) e . MR ek
Az FE AT A ) IR B, SRS A B A T 1 ) A

R1 HFERE10M BIREHE

Tab.1 The first 10 natural vibration characteristics of the
bridge
PRA R/ PR B REAE S BR2E/
Frix  Hz EiiBa Wi /Hz %
1 0.708  FEAMTHE M55 1 ik 3l
2 1.298  FAMTHE 7] 55 2 B e 3l
3 1.792 AR mE 1R 1.67 —6.81
N 1R 3 .
4 2.111 W T B AL 0 3 2.18 3.26
5 2.227  FEATHEW S 3BTRS
LRI 2R B
6 2.351 W . 1 4 30 2.268 3.52
RS 2R3 .
7 2.561 W 1 B 30 2.343 8.52
8 2.900 M 1 B Jmy B ¢ 1 4R B0y
9 3.049 M 1 A Jmy B ¢ [ 4R By
R 3B IR .
10 3.095 W . 1 B 30 2.92 5.65

e+ 4 8, Ud B A 1T A0 M BE AR X B Ry s o B
GRBR TR 1] 9% 0 | 2 18 1) AL Ik 5 258 A1,
e B A AR IR Bl H R A A B I R A R 2, L B B —
T SR 7R T SR ¥ S 1k R 2l o R DR OA AR TR i 2 R
LT AR R R, 2 AR R SR AT AR (A (] 16.4 m, T
1F3] G A AT P\ 1) A 3 6 /N O 1) 5 A, 5 BRORR R
PE AR L Ah 0L T R AT AN R A A K 5.7 m
F1% 8 Bk B, JHL i T s 95 A AR N S A% T 45 5 T LA 22
WA I TRIAS B, e K s s B S A I
TEREACH 55 AT AR B 2 Ak LA b 3 U W R

] TN AN,

(a) BIMIREE
(a) The 1st order mode shape

|
LY
(b) 2R

(b) The 2nd order mode shape

DI,
|

(c) F3MriREIA
(¢) The 3rd order mode shape

d
(d) The 4th order mode shape

K7 BritdRAlE
Fig.7 Modal shapes of bridge



Bl JEL i 9, 45« AR B RS A SXMT B A AR R A Ak sh 0 A 107

F S W 555, by B R AR B

3 ERHRENBERIZMESR
5y

3T BT R P A BR T AR A Bk SCHEk [ 22 ]
B R G B TR T 47 2 Bk 2 T 4 B I TE A A R A AR
AR IR G SN 36 2 7R, i 16 40 4 11 1%
Tia] i Bl 450 5 A6 [ PR R = il 2R EE VR G A R [
P AR 37 7 A RO 5k BRORZ BT AF T 5% 1 v
LN SR VA A =R =TT N i 7
O TR . ARIE RS (JTG D60—2015) B
SRR B v REBUE Lk
Y dimax
Y i
K Y N TE TR 5 W IS 10 35500 B[R] D) 2
e e K RO A e BOR B K B T RV AE 5 Y e
R TR A R B O B ) B AR i £k b e KRN
RN A et BRI e R T RO A o

3.1 FiEHM

F 08 C Y, DE AT 1 HEZE CRf 1A V5 22308 A 4
mﬁz.zw%u‘z&.mzﬁ H 22 L 20, 40, 60, 80,
100 km /h Ay 8 J3 57 5 38 3 A7 5% 0 04 3 g 1 43 AT o
THRAS B A A W) 43 T i op o R & 3
7 AN TR ZE R (4 Bl g e g ] 8 T o

HH 2% 3 RNl 8 W] 1, #F 2 N 5 i v A A% iy R AL
S SRR N EEC S 5 D NENE 2 NS
LR o i 7R 8K LU AT T L AR vh o RBOKR AR
10 it 72 B0 BE 2 B AR fb T B R, X R T
’fﬁ?i%ﬂ’]E?‘Xﬂﬁﬁ‘?ﬁﬁ%ﬁiﬂﬁﬁ'i%‘(bﬁ [ I A

{51 A% U (B X IO 1Y) T O IR 42 X — B4 K B
o R AR LA i R R4 TR A A Y AR
SRR il B2E01.087, 1R skl il gy v s

(5)

77:

1.6
1.4}
1.2¢

1.0

fr#gnh R

0.8F

- FBsh
0.61 o R

0.4

20 40 60 80 100
25 / (km + h™)
(a) BB ERE

(a) Impact coefficients of displacements at mid-span

®2 RETESH

Tab. 2 Calculational parameters of vehicle
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Tab.3 Impact coefficients of the bridge at different
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Tab.4 Impact coefficients of the bridge under different

number of vehicles
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Tab.5 Impact coefficients under different arrangements

of motorcade

MR/ H KNI ]
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Tz sy 1.070  1.333 1125 1.192  1.249
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Analysis of vehicle-bridge coupled vibration of long-span curved
truss bridge in service

ZHOU Ruijiao, WANG Yan, CHEN Huai
(School of Civil Engineering, Zhengzhou University, Zhengzhou 450001, China)

Abstract: In order to study the dynamic performance and vehicle-bridge vibration responses of the curved-string truss bridge in ser-
vice, the vehicle-bridge coupled vibration analysis of the curved-string truss bridge in service are carried out based on the vehicle-
bridge coupled vibration analysis method which can consider the period of vehicle jumping. The Rainbow Bridge with span of 122 m
is taken as an example, the finite element model of the bridge is set up to analyze the dynamic characteristics of the bridge and the
dynamic responses of the bridge are calculated while space motorcades cross the bridge, and then, the influences of factors such as
speed, number of vehicles, motorcade distribution and road surface roughness on the dynamic responses of the curved-string truss
bridge in service are discussed. The result shows that the vertical stiffness of the bridge deck is relatively weak, and the local vibra-
tion of the bridge deck is easy to be excited; the vertical vibration and the dynamic responses of the bridge deck increase significant-
ly with the number of vehicles and the number of loaded lanes; the impact coefficient of mid-span displacement of the bottom
chords exceed the value of design standard, and the bridge deck vibrates always with a greater degree; the middle and rear wheels
of the vehicles are prone to jump, the higher the grade of road surface roughness is, the more jumps of vehicles will occur, and the

vehicles are also prone to jump when the road surface roughness is in good conditions.
Key words: vehicle-bridge coupled vibration; in-service bridges; curved-sting truss bridge; dynamic response; jump of wheel
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