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Traffic Safety Analysis of Vehicles on a Bridge Considering
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Abstract: In order to investigate the effect of aerodynamic interaction between vehicles and a bridge on the
driving safety of vehicles on a bridge, the Taihong Yangtze River Bridge of Chongging in China was taken as an ex—

ample, and the driving safety of vehicles and dynamic responses of vehicles and the bridge under strong wind were

investigated for the two typical types of vehicles a van and a car. Firstly, based on the wind—vehicle—bridge cou—
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pling analysis system, the vertical, pitching and rolling accelerations of the vehicles, and the lateral acceleration of
the bridge were calculated with and without consideration of the aerodynamic interference between the vehicles and
bridge. Then, these acceleration responses of the vehicles and bridge were applied to the local accident analysis pro—
gram built by MATLAB. The sideslip displacement and the reaction force ratio of each wheel of the vehicles were
calculated. The accidents of the vehicles were assessed by comparing the calculated responses of the vehicles with
the accident criteria. Further, the accident critical wind speeds of the vehicles at different traveling speeds were ob—
tained by gradually increasing the traveling speed and wind speed, and the curves of the accident critical wind speed
versus the traveling speed for the two types of vehicles with and without consideration of the aerodynamic interfer—
ence were plotted. The results show that the aerodynamic interference between the vehicles and the bridge has a sig—
nificant influence on the driving safety of vehicles on the bridge. The assess results are relatively conservative if the
aerodynamic interference between the vehicles and bridge is not considered. In addition, the aerodynamic interfer—
ence also affects the vehicle accident type. This paper can provide a reasonable theoretical reference and data sup—
port for the operation safety and scientific management of long—span bridges under strong wind weather conditions.

Key words: bridge engineering; wind—vehicle—bridge system;aerodynamic interaction;driving safety analysis;

critical wind speed

T [ 2 5 5 B I IRPA, A R 34
Z , IR AR hk A ) XU AR A AT LR, 4250
TERF I LB AT B 22 AR Rl LA dE i LS il
B B 4R A T B 22 e VR R RO 2 4 (48
iz B B PR TR T A L A ) 22 4 AN
s ZE I AL X 2% 45 (B A L 5 R 3 2 0
BRI A BT S R E NS EE
XA AR T _L AT B9 S MrE AT T ORI
WG T F 6 BIWFFE R, Cai AT Chen! 2R 2 5 57
T AFIABIRSI AR RS A b, LU AR A
TR RS AT AR 25 0007 A2 AR o (275 I e
(VR 2Ky N | e S 2 T N DR R B ey G
9] 1T o S B N B IR 1T S S
OINT T 4 PR ARG L AT AR X, ST T
B IEIAT 4 e B B A RO AR R AR Y 4 1 T AR
771 . Guo N T /K AEEA RE EL 5 4 i
FEA% K - TSR PP A i -5 0% DA i e RE S — >
LI FE RS SR A EE 5 T 20K R iR R 1
TN T 4 14 PR, 3 0o 22— A iR 4 M
A%, LANEAZ AT o0 A g SO Wb e, S Ik ot
FE T BRI s S AR EL S RV I 2 B B AT
ASEHU IR 1] 4 48 D AL, Sy T %5 I B AT
N 8 R =2 2 8 2 [T 5 9% 30 A HEE 2R B oK i

SR 2P 7SR S OB X 4 0 e S5 000 24 = )
PERIEN, SR HIBER G Tk de v 1 K 4 ik
XA AT SEVE. BOBT B SENLR B R T T BENLIE
TS SOR AL SRR R, b T K5 R AR 3h
LA Hfpiith. WRFEER IS B 3R A AR ) 25 17
Sl R E AT AT L. BAR E NS
THERI G AR Y (R R B e B B R
F Baker Y255 2 5, B % B AR R < Bh 2
M. ST A SR s i S5 R PRSI T3 A XU X567
BRI -Hii & R G G- AT B sl etk it
17 T HESE  BIFTE A 2R B, G-3RI S ] ) A LS
el 7 W KB U e R DA S N A T R i
SEBIFSE T AR RERIIR 0 23 (B AH SR X KU R B
GER AR5 3 S LR R, BTSRRI - B
GERIIR 7 258 TR AH AR5 B2 30 7 Wi AT A 25 R
Xt 4 Bl 3 o 8 AT — RE RS T K SRR
FE T BT T RS BE R Bl g i S A 44 2
S, 4R HTR Wl PR B g o i A4
v R, (HHAGET —Fh 48l
AL, AR A b BT AR [ B T A [ 47
HUE T e AL O

ST LA EATFEIR , A SCRAHE PRORHEH TR
N TR 5, 2T LARTI 4205 2R G e Pk e 2



78

R RS A4 (A AR B R)

2019 4F

fith, AU 20 B9 K- 42 B S AR s R o B30
Br TN 2N % 18 5 AN AR R s TR
TR B I O, e T SO A R 2 o AT
VAR RE Y B K -4 - SR S i 4 30
T A RAE R B, ST T 5 S8 AT ]
ST B AT R PR .

1 ZEEFEST TR LERITRR
ES A%

L1 R-ZE-Hi#B & HRzh

-G AR 2R SRR A AR AT A
TR S 28 A, AR E AR AL 2 - A AR
B A A T AR - G AHEAR T, B A R A
AHEAEHIC RSP WS 3R 1. 2 TSRS
BRI NT G RGN s TR, 2R -

M, .| [C/ C,, q.

[ MJEJ*QVQ+G+ﬁH§+
K/’ K, q,
lev K, + K +I<1$H§b

HF: +F +F¢ }
F; + F + Fy

(1)
K AR bov o BRI R M, .C, R K,
SRR R BEE RN BE AR RE  F, S TR
MR A i, XA RN A (B AH ELAE
A sq, ARSI i M, (C, FIK, 535 i 45
o BB A5 o BHLJE RN NI B R, A o 4 T

6 *

L
13l

it ANSYS sKA%; &, AR bR & C =C+C™ K,
=K +K\" (C F K\ 5350 0 2B JE fif s 5| i
B ZE A BELJE NN BE SR RS s C AN K 4390 A S sh BELE
MR BINIERRE ; C,, = C, Ky, = Ky, 530N ZERF R 50
BRI BELE RN SR R4 5 ©3 0 K 43 30 ZE A FH 5 |
REC AR SR BELJE AN B ¥ 5 P2 A T AELRES B2 5 A A
faghr R a E, Ho BRR r R B mHURE S P
S A 2 5 RS A A S M R ) o5 F O OR AR EE S |
REC 118 2P A 9 o 28 ) i 5 Py A AT T REDRE B2 5 | R A A 2
I AR ) F R F 5 3R R R G
XU 2T R 7 1)
1.2 EEVRESHEMNERSIINEY

AL BTN A R R G AEAR 2
bk, B 1B 2 50500k 2 Fh gz B gk
AN B B )R8l 1 R B A XU A AR Ak
T, AR SC B AEWF T 5 IR A< 8 T #F AT
T MRS AEWF R A0S B I A 25 A AT
FRU5E B 352 T R 2B 4225 RS AH B R S
3l 1 RES 2 SCER(11], /N 4275 IR Sl B
WSR3 2S5 SCR17], 2 R ER S S5
SRR AN ) SCRik , EL2 P SRR A BT T 2 A 37
S TR 1T TR =, 5 AR SO R W 1 7 TR S PR
HTHAAIE ST % BT ST 18 14 JRy 3 A A 28 A % 42 <
N RECE AR/, R NG AR R D)
FHE SZA IS8l 1 REOR IG5 K gn 25 21,
A5 AR FH ) 480 55 SCHRL L LR SCHERI L7 ).

:}JI—

£ X RS SIAH E A -
» AEESHLL o 2 BT IL R 2 Ry T
L= s S B 4 . ﬁ 0y~ ‘ *
iy R - e
= 05 ‘ Ey . R CEa e mEeEmEEm
M = —" . K%E’Rmﬁﬁ* i
_1'00 15 30 45 60 75 90 00 15 30 45 60 75 90 _20 15 30 45 60 75 90
KAmfh/C) K sa/ () WAmAa/(°)
(a) BHJT Z L (b) i 77 R %L (c) FHZEL
) R 0.2 — ﬁ0.5 BB EAAEEE
= . = - 4 S AR LI
m{‘ 1 Py = m{‘ » * * A _\:1:1 0
ﬁ TS szjfﬁﬁ?"‘yi[ ﬁ_o 2 > . =z - y
T 4.4 AEEASHEER 2702 N R :
KO0 e . 24 JEW@M‘ HE 50 &-0.5 ~
= g0« AxEaTEe 0 &
- ‘ o 06 10 : :
10 15 30 45 60 75 90 0 15 30 45 60 75 90 1'0() 15 30 45 60 75 90
K/ (e) Kwsa/ () WA f7(°)
(d )i 56 %L (e RHM TR R 2L (F) MRt 77 2B

A1 ‘X% ELFHH KRR A TACHAE

Fig.1 Aerodynamic coefficients of the van on the bridge vs the wind yaw angle
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Fig. 4 Flow diagram of driving safety assessement of vehicles
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