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Analysis of Risk Factors of Estuarine
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In order to reduce the accident rate and
traffic
meteorological, traffic, time, and bridge structure data

Abstract:

improve the efficiency, the influence of
on the traffic accident rate of the estuarine long-span
bridge was studied, based on the multi-source real-time
data provided by the health monitoring system of Jiashao
Bridge. The time matched sampling method and random
sampling method were used to extract the accident data
within four years of operation, and a conditional logistic

regression model was established. The results indicate
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that the traffic flow and humidity are significant positive
factors for the probability of traffic accidents of estuarine
long-span bridges while the average traffic speed is a
significant negative factor for the probability of traffic
accidents. During peak hours, the possibility of accidents
increase significantly. According to the existing data, the
deflection change of the bridge, structural vibration, and
the proportion of trucks in the traffic flow have no

significant influence on accident rate.
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Tab.1 Descriptive statistics and Z-test results of influencing factors of single and multiple vehicle accidents
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Fig. 1 ROC curve of Case Control Models

FHRHE RS Rl A R A R BORIOCE . B AUCEMG &= T IF R R VCBC T vk , & se ik 80 R?

XF LR 2 Fe 3-7 Al A, BEMLAMAR DL IC T IS 21 s g 1 I 1) 07 DB E 7 % , 0 I S5 A 7 i S
(14 418 3 A2 B 2 T (R X R D Be Tk, LRSS R AL (i 2 , BV [ Xof S0 DG J5E 7595 7 47 1l ik 1]



5 6 1

AR, 5 7B IR R A A 12 B (KT 1 R e U R 3R A 869

FFA RS T AT RE R B RSN E . R A
XFEb 35 FH BEATLFH AR DG JC 7 32 Ao 9] % BEASE 7R 1
FEVCHEC T

T8 X Eb 5 A BEA LR DT e s A G AR G R
KB, A B A LA R 1 22 S 5 O RPN AUCH
PIMZEAN K . BARAAY B P15 FE A 22 AN K, (HJ
XS [) () BEAT LA ARE £ BT 25 A5 AN ] 17 b 2 IR [R]
AR S5 R A AR A
ASSEE R L XU BE AL TR S X
VT2 SR iR ), WGP 5 s U FE brfT 2 A
AR AR RS o PRI, A T RERS I MR b X KA 52
3 22 A XU R HEA T VA, 75 X0 LL A Bl LA A
e N G Eya C
3.2 HMEAHESW
3.2.1 ZGHENE

3¢ 3-7 AT, BT AT G4 SR 10 min i
FFI/INES ST Y5 3 4 7 3 2 R ) = 50 A T RE ) (5 AR
Ho bR b, WG B B E , Bk 2 ARy
SHIXSF I £ /N7 2 AT 10 miin 388 47t S s Y T AR
1o P S K o S BH I P A A T R 2 0
R AR AT R B3 B S, DAY ) A R AR
AT, YR AR, SR AR SRR, TR AT
B , SR A R U X 5 R ZHWFTT 4SS
%#ﬁ[lﬁ-{&11'13-14'17]o

T R AR AR TR, PR35 L i 25 R A
255 X BRI SOR S B BED LIRS 1 o1, o
WA LB 25 AR

W 3 FroR, 10 min 7 & (In 5) B EH R
1.851, 4 10 min i 5 (9 A A BUEHE & LB, &4
FH MR L2 BT 85% . Bt , 24 10 min 459
14 H 10055 (F AR XA 4. 6) 32 s 21 270 46 ( [ 4%
XTEAE 5. 6) B, BAF MR SR 85 %, X 5
B I A AR B A 451 — 2, B ASE S SO 2
LM IEAHOCI DGR o /NI EE A TR B Y L34 L
k0. 96, 24/ INEFF- 238 A T B A9 3E N 1 km b B &
A FH R R R 2 BT 96 %, 5 Yu 25 ZE HF SR h
13 E5e— 30, G A S R I, B A R RS
Ty TR KA o TE 5 A BEAIL SRR i A A
v, 10min it 5t A/ NP SA5E A TR B A AR 3 LU AR 2E AN
K, GRS R A S TSR

MEEIRATE 57 4 H R T KA 28 8 ik i &
AR BEEm, X 50 ARE IS AR, L
RS AN, 52 42 LA S Ak A S5 A fr s i, B
LA 7 LR, SR AR B AIG, XF TA  oe

ZE F LA 5 72 B R B X2 g AR R R
1o, DR L2 g 3 o T 2 427 sl A — B T A B
BB S 22 A 1 ik R AR AR G T S R4
Tlf 48 = 55 2 A 3R A A S, TR Sy P 2 Tl R 3 L 3
WX RFNER S RAEERES Y ASUg
I ZE 1 R BT 25 LA X R Sl AR T W 25 )
AT LAS R R4 0T A AR T 52 4 L il xf
A U AT I 48 1, SR 4 HUBIAE 0. 15
F0.50 Z [ i, S ARSI L 4, 24 R BB AR
Fb 5] 338 fin i s 2L, 24 6% 4 L E 0. 35 % 0. 50 Z 1]
W, 24 RIS T — R RPR ORI LB
P AR BIF 5 1) R4 T s 3080 mT 0, S R KA I 02 42 L
B 297E 0. 30 2 0. 50 Z 8] , 5 5K 17f 52 55 WF5E 45 2R
—,
3.2.2 KZWEK

L5 5T 5 BEBLAAE A2 1 B AU 3B 45 B AT
AR EETE 3R AR TP A R B B 2 (B 2 AN
(0. 72247, VAR B A — AN FH X5 (2 1) s i) PR
2, SRR asie—8 s ORYE AR
BT, M R e, AR G I v 2 [ )3 B
Wi BT B AT 3 A SRR A 25, K sg il =R
W& AR . ZFRAR IS LU TE 1. 01 2247, 3R
M0 R BN 1% B, K A S5 R ME R B 22 AT 4R
E1%,
3.2.3 HHEHZE

5N T SE R SR B 2 B 1 )
2, HAG TR BON 0, UL Y B 8] R B R, ik
KA IHER S A . A6 5B 38 bR A
HAHZEAR K, R IR 5 i o A AR LASR 1
ABEYLIEEEE M 25 5 ), PR3 LR 0. 507, BB FE
KRR, FollcOR A RS SR Y 50 %0, 42 A5
B XoF ] P s e B BB o A B, 2 T (B H s, 10 A
SR K A 5 i E AN SR Fir 22 M e T
WFFE AR 11 H IE(HR S R 2 N A& TR XA T,
11 A2 dim & H o bnl W, A Gy Xt
R ARG R BT Y M S A SRS
RHEZE . mAKRMAEKER R, 7R H N
SRR 10 A 5 B R g s i 2007, a4
KA AT BB SAR BN, 3% KA BRI,
250 BB LR o

R DR ) 221 (7t g U ) U7 T A PR 8 rh R R 3
TR I, AT R BN IE Xt — U
TR T AWML A FIFZ M, %G PR3
FLAE 2. 0~2. 6 2Z (8], F B X KM b T 37 £ 119 1 W o



870 [l o K 2 2 MCH 9K BE 2% O

%49 %

ZIF, Je e i MRS AR = I 201 2. 0~2. 6 4% .
W, 0 AR RO T ey D IR 11 4 4 A
FE I AN TR TAE

3.2.4 Z5HHE

SER IR BN T B ACHl F R A AT g
R OB T B e R B 454912 sh i 3
RICAR (BB ) DL KR G\ 1) 41 2l hn ok B 34~ 7A8 &t
FHE T 191 X6 R ) Z2 R 45 8 B, 3 3 48 b
RIAA 3, AT LI 25 Ut B R A 7E 5 B LA 1)
PR L 2 S S S HORIE N, 35 /W e 2
K2 A LRI fE T, KW iz s 38 30 4
)53 M VA2 A A PR 2R (AN S8 3m i A8 L B (1) 55 ) X 52
e AL AT
3.2.5 /&

MAZIE R AR R I E R g5t R &R 4
MEE MR 5 BEMLIIAE AR BRI B5 I X5 4K
MR R 217 5007, 01 5 © A IR BUR 317 L AR
PSSR, N8O A A 2 5 m i R
A E L - YEA TR R R R 2
Horb, AC i i R | W 2 S R AR B TE A
K, PR AT B BE AR ZE S R R A ARG . BR
B ROR A A0S R A O, RS589
KEFMREE R —2.

W5 R, ST 42 Lu ] R TIB AR (BE ) LA R A |
N 1l PR I B X T R AR A8 F il & AR R I
W E R,

3.3 RIXTRHEE

FEXT BRSSP A R I DFERE
T L K PS4 AT R A S R A I BOR R
it PR T B, 7SS I K I A T R R A R
Pt B N A el PR A B R R O Y
1% B, & A SR RER L Z HT R & 100, AR PR
R, KA [R]— o B A I 2 AR B Th T g &
PETFF 4050, ALY, A SO SRR PR T 4000,
WA A8 F A 07 52 T G I 4, I 20 DG 1 i A
A, TE T B2 A5 R BN 4 T e iy s B A 2 A
AT B O R BT, 2 KMr Ab T3 5 1Y) e D 1]
B, AR S AR SR R I 20 Y 2. 0~2. 64, &
WEEA KA F B B i v 06 10 A 3l A i
R s DAF B & A 7 2 ok, B an s [ e sin]
AR AE B bR 38 o B ki B R E B 2 L
App Bl 75 5% XA (i AR R AZ i 2 5
B R RS A O TR B, P B T p i e

AE , 77 Lk 008 8 1 Jam B ST (86 T I8 B 3 AR BT A
T A5 St 5 00, 51 AR i fde e A )3 e i
FHE Fl 2 S ©F R 2R
Bt R AL A5, ST 5 s X i £ & i B
LA TS FRALA ST KA e Ak M5 B 3
Ko

4 H5iE

R BEATIAT R B B A SR BT TR
I/ SR A N B T AU PR A A T R (g
SR M0 ) 2R 0 A 1 22 U S B 5, 4 910 R FH R (1] DT
Tk R B LAIASE I Sl B B 4, 7 254 logistic 7]
VAR F YRS A R 435 FA B e X m] 1 i
PRRAT 2 0520 o 38 5 JE T 2 FEALIRAE 1)
IR AR G50 an T« O 5 B () VC B Ay v AH L,
BEMLAIAE 5 2k R S i A R 5% SSE R A
SR ek R 1) TR AT, B G b A R AR 5 RN 32 3 R 3 0 =
R AR 2R s E T, B T i 1 AS R T @2l
Uit e AR K A S5 O a0 Bl 2 T S2 e R 3R T
Y30 AT T R R A8 S O R 1Y S A e
VT L A S5 O R R A 2 5 O Y
BNy, G4 G B T 2 A ) 18 BB R ARV,
TR G SRR AR 22, KWyl 25 W 25 15 0
ORBFRHOTREMEAERK TS RGO Kb ik
T ey RS (R B, =Rl nT BE 2 N © AR BA
For I ESCHE A, AR T4 G (BT AE R 3R, KM
[ 76 5 A8 Ak RN 45 R4 4R 3l X S R AR A R TG e 2 R
W), AR SCH% I T AR T A5 F IR S KA AT 422 ) 5%
M, A3 T R AT 4548 4 ) JUAR A8 053 3 %A T 4
B4 [ RBL A R IR 1 5 SR FH sk 1] DG g 32 R AT LA R s
B X 480 %o PB4 4 ST 25 AF logistic [IEBERY Sk
] AR 1 RS G2 () 48 B AL fHE 3 S
2%, NEZHET X R AR R
PERHIMR S5, TR T R I B R/ 45 1, RHA &
R E SR, — A S B RAEAS B R
FVESEH, RV IUE RS R . T Rt
OB S8 AN R A 5 i 58 BLARL IR R AT MR 2R 45 M0
BI6 ACH E A B T

1EE kIR :
2RI B ST SRS
MR 35 SO ) AR E R
HSC B R AR S A B RSO



5 6 1

PHEAH, 55 B B RREHIZ S AT 1 RS AT RSO S R 2 H

871

Sk

(1]

(4]

[7]

[10]

YU R, ABDEL-ATY M. Utilizing support vector machine in
real-time crash risk evaluation [J]. Accident Analysis &
Prevention, 2013, 51(2): 252.

AHMED M, ABDEL-ATY M. A data fusion framework for
real-time risk assessment on freeways [J]. Transportation
Research Part C Emerging Technologies, 2013, 26(1): 203.
CHEN F, MA X, CHEN S. Refined-scale panel data crash
rate analysis using random-effects tobit model [J]. Accident
Analysis & Prevention, 2014, 73: 323.

CHEN F, CHEN S, MA X. Crash frequency modeling using
real-time environmental and traffic data and unbalanced panel
data models [J].
Research and Public Health, 2016, 13(6):6009.

BT B . AT 2 U5 S A AR 10 i T S S T A VA T ik
[D]. MR M/REE TR, 2013,

ZHAO Xinyong. Freeway traffic safety evaluation method

International Journal of Environmental

based on multi-source heterogeneous data[ D ]. Harbin: Harbin
Institute of Technology, 2013.

W, M, SR, S5 AT A R 2 B XU TR 2R
5 [T]. SCHfFE 5442, 2018, 36(5) : 34,

YANG Man, WU Chaozhong, ZHANG Hui,

Influencing factors of driving risk based on critical incident

et al.

events[J]. Journal of Transport Information and Safety, 2018,
36(5):34.

hUE, skAE, Sefobk, S AN i S A AR L L T
PRI [T ] [ AR eEAR, 2018, 31(11) £ 176.

MA Cong, ZHANG Shengrui, MA Zhuanglin, e al.
Nonlinear negative binomial model of express-way traffic
accident frequency prediction[J]. China Journal of Highway and
Transport, 2018, 31(11):176.

SR, FERY, SKIE, S LTS A8 AR A i TN
FHHOTGSERBE R T[T ], FPEAEKHR, 2020,33(11) : 255.
ZENG Qiang, WANG Xuesong, ZHANG Xuan, et al.
Seasonal analysis of contributing factors to freeway crash
frequency using a spatio-temporal interaction model [J]. China
Journal of Highway and Transport, 2020,33(11):255.
MURTHY S, SINHA K C. A fuzzy set approach for bridge
traffic safety evaluation[J]. Civil Engineering Systems, 1990, 7
(1): 36.

GATES T J, NOYCE D A, STINE P H. Safety and cost-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

effectiveness of approach guardrail for bridges on low-volume
roads [J]. Transportation Research Record, 2006, 1967
(1): 46.

MEHTA G, LIJ, FIELDS R T, et al. Safety performance
function development for analysis of bridges [J]. Journal of
Transportation Engineering, 2016, 141(8): 04015010.
UK, AR, Rl . VT =N XOR T A B s
BORFIE ST 22 0 3 [T ). A0, 2012, (4): 160.

HUANG Bing’ e, PENG Chunlu, LU Jian. Characteristic
analysis and safety countermeasures of long span highway
bridge traffic accidents of Yangtze River Delta [J]. Highway,
2012, (4):160.

T30, A/NE, kb, S AN IS S AR S 2 ORI
ST LT ], A, 2016, (5): 152,

WANG Wenzhi, SHI Xiaofa, ZHANG Hongbo, er al.
Analysis of traffic accident characteristics of hangzhou bay sea
crossing bridge[J]. Highway, 2016, (5):152.

MA X, CHEN S, CHEN F. Correlated random-effects
bivariate poisson lognormal model to study single-vehicle and
crashes [J]. Journal of
Engineering, 2016, 142(11): 04016049.
DONG B, MA X, CHEN F, e al. Investigating the

differences  of

multivehicle Transportation

single-vehicle and multivehicle —accident
probability using mixed logit model [J]. Journal of Advanced
Transportation, 2018, 2018(3): 1.

DOMENCICH T A, MCFADDEN D L.

demand: A behavioral analysis [J].

Urban travel
Canadian Journal of
Economics/revue Canadienne D ‘economique, 1975, 10 (4) :
DOI:10.2307/134305.

MRESE, IMEA, B, 55 o SN Y 22 0N
IO [T]. AR TR (A AR L 2018,46 (6):1.
WEN Huiying, SUN lJiaren, ZENG Qiang, ez a/. Quantitative
estimation on the safety effect of traffic composition on freeways
[J]. Journal of South China University of Technology (Natural
Science Edition), 2018,46(6):1.

SRR, I, RiHE, S5 A RS T A K 5T A A
XA % AR () ], BRI TR, 2017,39(12)  42.
ZHANG Shiwen, PENG Yichuan, LU Jian, ez a/. Examining
the effect of truck proportion on highway traffic safety in free
flow state [J]. Journal of Wuhan University of Technology,
2017,39(12):42.



