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Dynamic response of curved continuous girder bridge
under vehicle braking

Chen Shuisheng , Luo Hao . Gui Shuirong
(School of Civil Engineer and Architecture, East China Jiaotong University, Nanchang 330013, P. R. China)

Abstract: The coupling vibration of space vehicle-bridge of this kind of bridge was analyzed basing on a
curved continuous box girder bridge on an ramp. The ANSYS software was used to simulate the beam
bridge, and the typical three-axis space vehicle model was selected. The dynamic response and impact of the
curved continuous box girder bridge under the braking effect of the vehicle were obtained by the MATLAB
program of the highway curve using the modal comprehensive method. And the influence of initial speed,
braking position, braking rising time and bridge deck smoothness on dynamic impact coefficient was
studied. The results showed that the maximum deflection, deflection and internal force impact coefficient of
the main girder do not increase or decrease monotonously with the increase of initial speed, but they are

obviously larger than the results when the vehicle runs at the same initial speed and may exceed the
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standard value. The impact coefficient of deflection and mid-span shear force in front half-span braking is

greater than that in the back half-span braking. At the same time, when the braking position of the vehicle

is greater than half-span and closer to the fulcrum, the impact coefficient of deflection and internal force is

closer to the result of uniform speed braking. With the increase of curvature radius, the impact coefficient of

deflection , bending moment and torsion of bridge decreases gradually, while the impact coefficient of shear

force increases gradually. In addition, the impact coefficients of deflection, bending moment and torsion

curved bridges are larger than those of straight bridges and emergency braking tends to aggravate bridge

vibration.

Keywords: curved continuous beam bridge; vehicle braking; dynamic response; impact coefficient; Runge-

Kunta algorithm
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Fig.1 Vehicle calculation model diagram
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Fig. 2 Flow chart of vehicle-bridge coupled vibration response
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Fig.3 Schematic diagram of the cross section of the main beam
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Fig.4 Curved beam bridge finite element model
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coefficient at different initial velocities

G REA SR A NS R T DN R E VA RO KR
14 52 W, 4] 20 A7 8 23 0 IS 2 B S

3.2.2
2y 7 Wi i

030

025}
ﬁo.zof
1
0.5
s
#o.100
0.05}-
0 10 30 40 50
?F—‘«Fﬁ%JJEEE/(m -s7')
(a) ZHErPHERE
0.6
0.5
& 04l
Y&
E 03
g 0.2
0.1
0 10 20 30 40 50
ZEARAHE  (m-s")
(b) By Jrnh i RS
25
2.0}
Ee]
W& 15|
1
ﬁ 1.0}
=2
0.5

10 20 30 40 50
ZEAPAI B EE (m-s")

(c) AP HREL

WA AR

El6 FAEMEETEHRKNNHERY
lig. 6 Internal force impact coefficient of mid-span section

at different initial velocities
1/8.1/4.3/8 B abF 3/4 &b, BV HE v=
20 m/s, w8 J1 R 0.7 WLl 2h 1 B FHEFREL R O s B
[y NG 7 SN B T K1) K A= ARG s % 4'¢
Y52 M L3R 2.,

k2 FEFHHMNEXNHERENFME
Table 2 Effect of braking position on impact

coefficient of vehicles

A RN
WO E B PR

WG M B 89y A

= 0.081 0.096 0.298 0.253 0.133 0.347 0.678
1/8L 0.148 0.143 0.206 0.368 0.137 0.434 0.759
1/4L 0.219 0.238 0.321 0.516 0.222 0.343 0.938
3/8L 0.210 0.143 0.118 0.503 0.188 0.429 0.925
1/2L 0.110 0.136 0.121 0.492 0.222 0.436 0.912

3/4L 0.080 0.135 0.120 0.492 0.195 0.454 0.902
SIEATEE 0.076  0.135 0.121 0.492  0.195 0.454 0.902




%24

HAKE,F WERELERNEEMBHERT WS 0 101

0 10 20 30 40 50
AP (m-s7)
(a) B3 E A%

0 10 20 30 40 50
ZEARYIEE (m-s™")
(b) By Jrnh i REL

b RE

14
n

T
ZEAAI B (m-s")
(c) AP HREL
T STE e ASEE

=)

B7 AEMNEETZARNANMRERE
Fig.7 Internal force impact coefficient of fulcrum

section at different initial velocities

M 2 0, MP) 4 H 20 m/s B, B TE A%
il 207 Ak ) Bl i ) B B e R R F A T
Bl AL SN il RN — R TA T
e I e Sl DA RU L Y €A SR S TSI E DA RN RS
T SEHE KIF 08/ . 4 30 78 1 1 2F 5 O3 ) 2l | % 32
FEE T B I hs R BOK T AE S 2 B R R Bh i
iy 7 ohils R BB AT B LA, Ak, 2 2
B E>1/2L HBREE I SR AR Bl i e B R
N g oty 2R RGBT A0 S Y 4
3.2.3 ##ALAmeHBa wmEFE SN T
I ETE 0. 3~0. 6 s JEHE N . Ry 43 B il 3 7 b Tt e
Xof Y 42 M ok AN 1 B2 L 43 S E 0,0, 3,0, 45,
0.6 s, WZEWWHEE N v=10~50 m/s, Lk 2 m/s
BB Eh S 0.7 WW A RIS E O 2
PSR 1/4 &b B 25 m &b F T3 PO A R
M & 8~& 10 T LAF H, BRI & . b & il sh 1 b
T[] ) HE K, = B H8 BE RN g b o 3R 808 080/
L V30 AL 2 7 A ) L U W R B 2 T R R R Y

0 10 20 30 40 30
. BRI (m-s ")
Wi—e—1=0s —o1=0.3s 4 1=0.45s ——1=0.6 s —— )k

(a) NEIPIEE

70

60 /:
=,
¥ 2

10

0 1 2 3 4 5
H:—1=0s 7t=g?t§ﬂsls ——1=0.45s ——1=0.6 s

(b)v=20 m/s
8 AEHIZN 1 LT B E T B R b i REFI SR 3 h 4%
Fig. 8 Deflection impact coefficient of mid-span section with

different rising time of braking force and vehicle braking curve

10 20 30 40 30
R/ (m-s)
(a) ZHEMHERE

0 10 Z%E/(’:):l.s_‘) 40 50
(b) By Synpik R %

n

HIAE RS

om W@ i %
%3 /(m-s)
(o) EMH RS

Hi:—e—1=0s —ot=0.35 4 1=0455 —o—1=0.65 — SJBH
9 AEHEFHAEAMETERRAMERE
Fig. 9 Internal force impact coefficient of mid-span section

under different braking force rising time



102 N RC N A

% 42 %

0.6 0.8
0.5 =
%0.4 %0‘6
ﬁoa EOA
PP =
0.2
0.1
0 10 20 30 40 50 0 10 20 30 40 50
ZE/(m-s™) %3/ (m-s™")
(a) BhErhHRE (b)BY rnp i R %L
2.5
oo
W&
0.5
0 10 20 30 40 50
%3/ (m-s™)
(c)HAEMHRE

H:—e—1=0s —+1=03s s 1=0.45s ——1=0.6 s ——2J3k
10 AEFHALEAMBTZRANERY
Fig. 10 Internal force coefficient of fulcrum section under

different braking force rising time

Pzl s bRt 2 Sh L AN [ 80 bR EE S AT, 4
55 1) B B M G 5 4 ooty 2R R0 L IR R ) R A AT
A S R R . A A 28~50 m/s U I BT,
il 2l 7 b IR ) ) SE & XoF 48 B AL v B g s R A
(14 5 W 58 /) o T 385 v L R S R N g ol iy R B AR
Bl =22 9 /0N 5 150 Y 32 B 9 BT 85 v AL R S s )
s A @0 I B M o o TSR R 0 S A Q)
RHANHIE N 20 m/s B[R] 3 77 b F i AR 425
il sl i £, NI 8 (b)) ] 1, Bl 25 il 21 1 b T B[] 7
HEK , 4 6 21y BT 5 B S % 1 R A BG K )  EE A
W) L e B B 0 b B TR RE A 2 B 2
Sl T AT B ) B S TR E

3.2.4 M @E-REAMHra  ARAS I TR R XY
AT B0 77 e 1Y 5 e B BCSCRR 15 T A 2%\ B
¢ .C YR D AT V-2 EREA AT 0 0. AR, B
R EE N v=10~50 m/s, ) 2 m/s B34, H
L FE R KA R 50 m/s, WF 58 1T B R A
R R S AL s s D 0.7 WL B Ry
%2 B 1/4 4K Bh ) EFREEELR O s,

M 11~ 13 af DLFE 1. D BN Iy b
FRCo WA P THDF- % 3 A5 2 ) R I T 35 R B
HEWEAL R Z 3G K 2) 2 AT B AE £5 A [R) T
JEAF G BT b B VR R B9 B R RN A g op s
REO K T A8 T 00T M52 B AN g il R 4K
3) M BT T RE B A YR, R s VE T B E
it RACS S0 3 b R BN TR, O

) KLY T T b g% 0 T ool 2R BORY B 5 5 T 24
TS5 9 B 97 Je LN 8222 T 00 22 4 LUKE o
{EL2) AT By o oy 2R R B AT B MV 0K H L%
JEE e AR A Bl ot 28 80nT RE R G LV A

101

0.8

W&

E 0.6

X

ﬁ 0.4

-4

0.2
10 20 30 40 50
2/ (m-s)
T 5 o A% -+ BZK -+ CZ% D%
(a) ANFprEes

0.8r

AR RS

o
)

QJE‘Ai,&IBé,&IC%&ID?&‘
BT %
(b)vy=20 m/s

B 11 FAEFEERIRE ST REHE MW
Fig. 11 Effect of different deck grades on deflection

impact coefficient

14 35
12 3.0
ﬁl 0 ﬁzs
H# - 1 *
Los oo N N*\N
Hos .
o =
0.4 ., . A
a2 = 2N "QA‘A?V""AA \‘= A
0 10 20 30 40 50 0 10 20 30 40 50
ZE/ (m-s™) ZEH/(m-s)
(a) ZHEmhHRE (b) By Sy R %
40
35
ESEN
ﬁz.s
£20
1.0
0.5 7
0 10 20 30 40 50
ZE3/ (m-s™)
(e)HAEMHRE
Ve STHE o A%+ BY o C% DX
B12 FRFEAFRTEFANRERHY
Fig. 12 Internal force impact coefficient of mid-span
section under different deck grades
3.2.5 wERFEMYa IRPERESHESEL

W B4 =5 2 DX 2 5 W) 445 4 sl g i 7 ) B B PR R
A3 5% 242 i 60 m ] 300 m, LL 60 m Sy ja] FE
30 1 1 Y R TR D R L AR AT A b . B )



% 2 HAKE,F WERELERNEEMBHERT WS 0 103

1'0 2‘0 3‘0 4‘0 5‘0
ZE (m-s™)
(a) ZhErhE RS

0 10 20 30 40 50

o/ (m-s™")

10 20 30 40 30
(™)
() M THRE
TE:-a-BJ8 - AR+ BR - CH D%

13 AEAREELZTXARNAMERE
Fig. 13 Internal force impact coefficient of fulcrum

section under different deck grades

: 10 20 30 A‘tO ‘0
-0.05 \7%
“ ZEE/(m-s™")
H:=R=60m —+R=120m -.R=180m
~+R=240m —R=300m —~H&H

(a) AIFEIFIESEE

o\.\‘\‘
20 T

60 120 180 240 300 FHZHF
/m

# :—e—v=20 m/s
(b )vy=20 m/s

B4 HMESENEPRESREMTRENZMN
Fig. 14 Effect of radius of curvature on the deflection

coefficient of mid-span deflection and deflection

A R B

20 30 40 50
ZEH/(m-s™)
(a) ZHErhE A%

0 10

By Jyuhik RBL

0 10 20 30 40 50
ZE3/(m-s")

¥:=R=60m —-R=120m -»R=180m
~+R=240m —+R=300m -+ ELZHF

B15 ARHEEETERANNPERY
Fig. 15 Internal force impact coefficient of mid-span section

under different radius of curvature

HEEH v=10~50 m/s, Lk 2 m/s 317 ; 13 J1 K
0.7 W(W Sy 4280 , il 2l B 05 2 BS Ry 1/4 b, B
25 m 4b i3 Iy BT O s A5 T B R AR G N
“AHT,

HT P 14 TR0, 4 0 ) 2l i M 2 Y e b i &R
SOCBE AT i R A 10 0 T a0 o L/ I R
/s B AR Sh Jpma oL SR T B A . N 15~ [&]
16 AT LA H o P A7 AR A ) 9 30 o o LA . 24 42
N 10~20 m/s WF AN [ il 3R 42 TF 250 o i R L
BE 4L it e B AR T 55 4N 20 ~50 m/s
S, 25 R ol 28 AR R AR 00 1 DT 28 3 )N
FH A ek 28 K Iy 3R A2 14 38 ek /) L T BT A7 o
7 R BB Z 3 . A, 25 ) 25 A L AR by AR
SRR T B AR 4528 87 Iy b b 28 0000 A A7 1 X
FERORMLEE . DRI AR BTt il 2k 247 I R RE T 05
LR OO I VR 42 2000 BRAE L ib 5 255 & il R R AR



FAROP & SO

% 42 %

104 + K5 xR 3% A
PSS
0.4f
o3
W&
bic!
o2
®
£
0.1}
0 10 20 30 ) 50
ZE3/(m-s™")
(a)BhErhHERE
100
0.8}
]
¥&o.6}
bic!
=
Roa4f
=
0.2}
0 10 20 30 m) 50
ZEH/(m-s)
20¢
1.5f
]
W&
&
k)
0.5

. () M THRH
#:=R=60m -+ R=120m . R=180m
~+R=240m —+R=300m —~HZ%&

16 ARHMEFETIANNAFEERY
Fig. 16 Internal force impact coefficient of fulcrum section

under different radius of curvature

4 Zig

G54 TR 5L v IR B - il 0% SR A B 0 T
S T 86 A S I 8l I AL T ST T L B 7
B Bl b A RAT TR Y- R R A 3R X 4 A il
B A PR D IO 2 o

D) BE XS 3l g nhily R BB R 2. S G
T sk R R E B AN ) by R BOA
Wt 400 32 2 4 7 Al Y PR 4 B D B B . 5 A
SUHATRA A RAT B R B E RS SN
Jy vty 2 HW] O AR B R N B BT 4
P PR ) 8l ey e K oy R K

2) R AE T I 5 A Sl L B S R B
iy 2R BOR A8 5 2 15 52 9 i 3l 47 80, s H Al g

mhif REOA B IZ . A, S R B L
KT 24 5 LB 58 3T S 0, 4 40 ) 2l s B8 RE R
iy FR BB 30T 5 S 1 2

3)%UZJJJJL}FHTIEHEEJJ7'J{FP$/%§&E’JE% 2 Wi
HNZEZ—. Bl Hsh - Th ] A e 4, 32 3268 i Al
DRI TES Y ST R WA NI E R FRTERT SR VNN
ATl Sl R 2t ) PR 3

A) 7Y T -8 J3E XoF 235 ) Bl ol 17 A Y R, R
BEFIN T3 vh s 2B W6 A6 M T 100 19 T R b 35 4
K, BIGIRW R Z 80, SHrmat 7B %7 L UT
AR 25 T OIS, 25 DA S ol B {H ) 3 38 o i 2 1 o i
FECRAT A AN EER AH LOZE B R A S vhds
FEIRE S M. MR Rut b A A
5595 i 280 200 N L 2% A A ) Sl A P B2

5) AR B I, A iR AR R 3 R MR Y
PR RE AN vl iy 2R BOZ W 980N« LW/ I 2 2 i S
/N TS g i R RO 22 19 R 42 20~50 m/s
1N O SR I P Ui Reab S0 W N | NN VO 7
BE VAR AL shit RECKR T HAAM 4R .

B2k

1]k, xiFd, MR, 548 E B 8 Ji it 5 SOR A
RGRIRBI AT ). TR I35, 2006, 23(6): 25-29.
PENG X, LIU Z ], HONG J W. Vibration analysis of a
simply supported beam under moving mass with
uniformly variable speeds [J]. Engineering Mechanics,
2006, 23(6): 25-29. (in Chinese)

[ 2] GUPTA R K, TRAILL-NASH R W. Bridge dynamic
loading due to road surface irregularities and braking of
vehicle [ J]. Earthquake Engineering &. Structural
Dynamics, 1980, 8(2) . 83-96.

[ 3] MICHALTSOS G T. Dynamic behaviour of a single-
span beam subjected to loads moving with variable
speeds [J]. Journal of Sound and Vibration, 2002, 258
(2): 359-372.

[4]LAW S S, ZHU X Q. Bridge dynamic responses due to
road surface roughness and braking of vehicle [J].
Journal of Sound and Vibration, 2005, 282 (3/4/5):
805-830.

[5]JUSH, LIN H T. A finite element model of vehicle-
bridge interaction considering braking and acceleration

[J]. Journal of Sound and Vibration, 2007, 303(1/2):



%24

HAKE,F WERELERNEEMBHERT WS 0 105

46-57.

[6] DENG L, WANG F. Impact factors of simply
supported prestressed concrete girder bridges due to
vehicle braking [J]. Journal of Bridge Engineering,
2015, 20(11): 06015002.

[ 71 DENG L, WANG F, HE W. Dynamic impact factors
for simply-supported bridges due to vehicle braking
[J]. Advances in Structural Engineering, 2015, 18(6) :
791-801.

(81 sk, BOHse. s2mk. JE50 3 4240 55 [ AL B T A7 4% g )
RS R3S opidi . 2008, 27(1): 30-36.
FANG Z, YIN X F, PENG X. The coupled vibration
analysis of with uneven surface and speed- varying
vehicle [ J]. Journal of Vibration and Shock, 2008, 27
(1) : 30-36. (in Chinese)

L9 0 BOB#e, J5ak. s S VE T 00 4 40- -7 R R 48

BEML 4% 3 20 B LT 31 57 J1 % 2 4, 2010, 27 (5):
936-941.
YIN X F, FANG Z. Random vibration analysis of
vehicle-pavement-bridge system under vehicle braking
[J]. Chinese Journal of Computational Mechanics,
2010, 27(5): 936-941. (in Chinese)

[10] 6R7C, IhGG. BR— . A8 S A 4050 JH R HEA% 7 FF 19 30

SN HTLT] LA 1%, 2017, 34 (Supl): 179-
184, 191.
SHAO Y, SUN Z G, CHEN Y F. Analysis of the
dynamic stress response of the hangers in arch bridge
under speed-varying vehicle [ J ]. Engineering
Mechanics, 2017, 34 (Supl): 179-184, 191. (in
Chinese)

L1010 Bk, Rae® . 224, 50400 2 T 2k H R i R 8L 3h

B AE OS] o E g E R, 2019, 40(1):
31-38.
YAN Y H, WU D J, LI Q. Dynamic interaction
between beam and track of railway cable-stayed bridge
under train braking [J]. China Railway Science, 2019,
40(1): 31-38. (in Chinese)

(127 Bk o€, BRoKA:, Tk ST B T — 20U = 0 6 5 JE
FRABENLIR 2 43 BT [T 0. R 3. Wik 512 W, 2018, 38
(5): 908-915, 1077.

GUI SR, CHEN S S, WAN S. Analysis of consistent
stimulus of road roughness on vehicle- bridge coupling
nonstationary random vibrations [ J |. Journal of

Vibration, Measurement & Diagnosis, 2018,38 (5):

908-915, 1077. (in Chinese)

[13] CHEN S R. Dynamic performance of bridges and
vehicles under strong wind [ DJ]. Baton Rouge:
Louisiana State University, 2004: 60-74.

(147 B2, BRok Az, T3 K. 8T 35 bR 200 2240 4 5 BEPL IR

S AU 4 AT ). R 2l X 512 W, 2018, 38(2):
353-359, 422-423.
GUI SR, CHEN S S, WAN S. Sensitivity analysis of
vehicle-bridge coupling random vibration based on road
roughness spectral function [J]. Journal of Vibration,
Measurement &. Diagnosis. 2018, 38 (2). 353-359,
422-423. (in Chinese)

[15] Mechanical vibration-road surface profiles: Reporting of
measured data: I1SO 8068: 1995 [ S ]. Geneva:
ISO, 1995.

L16] W T, EmEE. AMRITHH AN HIMI. Jbat . R K
U, 2009,

HU Y J, WANG Z Q. Finite element analysis and
application [ M]. Beijing: Tsinghua University Press,
2009. (in Chinese)

[17] X5 . e, ards . % M ZA-HrRs & 4k 3h i 2296 F R
FIBTFEHERELT ], o A 24l 2018, 31(7) . 38-54.
DENG L, HE W, YU Y, et al. Research progress in
theory and applications of highway vehicle-bridge
coupling vibration [J]. China Journal of Highway and
Transport, 2018, 31(7): 38-54. (in Chinese)

(18] MRk R B rEae (M. db 5t F B7 Tl i AR
#, 2003.

DAI R Q. Vehicle performance [ M. Beijing: National
Defense Industry Press, 2003. (in Chinese)

[19] GUPTA R K. TRAILL-NASH R W. Vehicle braking
on highway bridges [J]. Journal of Engineering
Mechanics, 1980, 106(4): 641-658.

(207 BB 2. R BE 1 % 2 it 2 B0 75 42 @ 480 4F T i 3l
Jyma R D] W IR« MR IE Tl R, 2008.
HUANG X Y. Dynamic response research of continuous
curved concrete bridges under moving vehicles [ D].
Harbi: Harbin Institute of Technology, 2008.

[21] 2888, BRKE. AR LR EmAME R3 o0
[CI//8 7R i 4 E + R TR A& %R,
., 2009,

YAN L M, CHEN S S. Vibration analysis of vehicle-
bridge coupling system on highway horizontally curved

beam bridge [C]// The 6th National Civil Engineering



106

T REx®¥E L FROPE D

% 42 %

[22]

[23]

Graduate Academic Forum, Beijing, 2009. (in Chinese)
AWALL M R, HAYASHIKAWA T, MATSUMOTO
T. et al. Effects of bottom bracings on torsional
dynamic characteristics of horizontally curved twin I-
girder bridges with different curvatures [J]. Earthquake
Engineering and Engineering Vibration, 2012, 11(2):
149-162.

g, FI5 . IRAE S VE R 0N IR BE - 17 SRR Y
2 J3 e o B by AR BCRF 52 LT 0. WP R 2 CH AR AL
2RO, 2015, 42(9): 52-58.

DENG L., WANG F. Study of the dynamic responses
and impact factors of simply-supported prestressed
concrete girder bridges due to vehicle braking [ ]].

Journal of Hunan University (Natural Sciences), 2015,

[24]

42(9): 52-58. (in Chinese)
N BT R E TS - TG D60-2015 [ST. L«
2238 A, 2015,

NG

design of highway bridges and

[ S
Communications Press, 2015. (in Chinese)

PR B REME CF D ML Jb st AR AZE R
#t.,2001

General code for

culverts: JTG D60-2015 Beijing:  China

WU ] Z. Automobile structure (volume 2) [ M.

Beijing: China Communications Press, 2001. (in

Chinese)

(8 )



