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Analysis of Relative Risk by Accident Types at Intersections,
Crosswalk and Tunnel Sections

ABSTRACT

This study presents risk ranking by accident types at intersections, crosswalk and tunnel sections. An ordered logit model was used to
estimate the accident severity of traffic accidents based on 58,868 accident records that have occurred on the Seoul and Gyeonggi-do
over the period 2014-2017. The factors affecting the injury severity were identified by the estimated model first, and risk ranking was
proposed according to conditions of accident occurrence using relative ratio analysis later. The analysis results showed that the injury
severity dramatically depends on the location and time of the accident. The analysis results showed that the injury severity dramatically
depends on the location and time of the accident. Furthermore, there are severe injury cases in terms of the injury severity despite the
small number of occurrence of traffic accident, or there are severe injury cases in terms of the injury severity despite the high frequency
of occurrence of traffic accident.
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I EATL 0] TR 919 918 I BAG A0|T A&, A7IEoA WAR 2014195 2017
9 & A gol A% 7Fs e 58,8687 AnE TENL, w48 2ARY S Foald] AR 24

= n)AE @9l S, FaRE vAE S Awn gty wak ALk e A
EP)E, AL, AR Akl AR 2 AR SR RS el 91998 Al ATeh Tk 24 st Al
Wl o} Al AlZbe o) u sl

=
2
L
¢ 55
-
&=
b
Tood
i,
fd
oflt
o
N
rﬂ‘,
o
>
fd
juad
N
k1
2,
5
P

AL o
2
R
)
2 >
&
>
N
i
2
e
)
=
N
3
s
f
o
rir
sl
o
fiu
3
59
o
=
ML
1%
)
tm
il
-z
)
>,
e
.
>,
off K
i)
o

* A3l - ol st w3t BAkg (Ajou University - hm0625@ajou.ac.kr)

** 3] - WAz} ol F gl TOD7[HE X|&7s EA|aE A AE A5m<= (Corresponding Author - Ajou University - wjsrytjr@ajou.ac.kr)
*x ol et wE-3stF AARGA (Ajou University - dukkubi0512@ajou.ac.kr)
whkx 22139 - ol skl TODZ |9 X|&7ks EA|aEAAE dtu<= (Ajou University - azang@ajou.ac.kr)

Received October 2, 2019/ revised October 11, 2019/ accepted October 22, 2019

Copyright © 2019 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




AR, PR, B oA ALl uhe A fdE 24

LME

£ 7] thde] He nAE, FuRs 9 e Rk argt
Ve T3k Aotk nalkEe} ek e AN o 2 ulgAkaL
PN} S0, Hoh S50 2 kdve]E F3lsljof sk A5o]
o} g A8F kEH A GMOLIT, 2016)2]
ARE e Tl Pehize] At ihd 58] 5715
AL, AAb AL F AP HISe] B FY S Bl
S S35 B} QbAS 915 AA Bl Aljle] Hasital Egt
vh Aok e SRR AL we i s AP
W Fe AolaL, wiizel] At Foll 83 < U= A
TAE A A7t Bestthal & 5 AT of2gk AddiF<l
TOE AL 2R AR e Al AR,
8 0 APHE TS A HlaE wd meadE
AEALAFE W Y FES AMNE F Ak

Frol|= C-ITS (Cooperative-Intelligent Transport Systems)
9} IoT (Internet of Things)7[¥ke] =22 Al2H 5 w=2Hg
Aprte] ke 913 AVl thgk Sk s ik Al
ASIAPAR ATSIHE B4 vhgo] ke mRol] ol Aja
frao] o sl digk BAIE olaE 4 QL o]& B3
IR AR 91gk Az B AAGRA = Al 5ol

£ 7= At BRI vl R A9 X (R AL,
Thi = 2 B, AL, Al i g3 gl

do oot
ot
i
il
s
£l
glr‘
&
Y
o
o=
55
pd
i)
O
i
do
__‘:Ix:«“
e
M
o
¥
>
e}
¥
I3

Table 1. Summary of Previous Studies
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(Yannis et al., 2017), <438 23](Park et al., 2019; Feng et
al., 2016), Z2H] 2 &(Kang et al., 2019; Kwon et al., 2018;
Yoon et al., 2017; Hao et al., 2016), T/} 24 23(Rifaat
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2018), ¢1FA14 % (Delen et al., 2017) o] x|t UIEL F(De
Ona et al.,, 2011), Support Vector Machine, K-Z7% o]%
17122 (Beshah and Hil,, 2010) 5] AL80le] whe Al

)

Author Distinctive Factors Methodology (Estimation model)
u
(year) Accident Info. | Road factor Environmental Human factor Violation Regression Machine Learning
factor Model
Accident type,
Kanget al. Crash type, . .
Ligh The elderl P
(2019) Vehicle speed, ight e elderly Ordered Probit
Vehicle weight
Park et al. T:lai]f]ff edc(t)swn()fhti(ﬂl’ Road geometry (R\Ziiaft;i?ror Hierarchical
(2019) slope Snowfall) Ordered Logit
. Speeding,
B C . ..
in and Son Gender Violation of the | Ordered Logit Decision Tree
(2018)
traffic rules
Impact
i f
Vehicle speed, reglons. ©
. pedestrian,
Chung Impact object . .
(2018) o Median Driver
op maneuver,
Pedestrian
age
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Table 1. Summary of Previous Studies (Continue)

Author Distinctive Factors Methodology (Estimation model)
(year) Accident Info. Road factor Environmental Human factor Violation Regression Machine Learning
factor Model
Year, Accident Speeding
K . Acci R ;
won eta t}fpe, cc@ent oad type, Gender Violation of the | Ordered Probit
(2018) time, Vehicle |Road geometry,
traffic rules
type
Accident time | Road type, The Serious
Kang et al. . . . ..
2017) Vehicle type width of the Slight Decision Tree
Vehicle speed road Unsafe driving
Yoon et al. Speed Surface status Use of seat Hierarchical
(2017) P Road type belt Ordered Probit
Yannis et al. Weather, . ..
(2017) Road visibility A binary Logistic
Hao et al. Weather, .
(2016) Road visibility Ordered probit
Day,
Fengetal., . . Surface status Weather Gender . .
2016 Accident time, No. of lane Season Age Speeding Ordered Logit
Crash type
. . Speeding, .
P A L
rato and cc1der.1t time Surface status | Road visibility | The elderly | Violation of the Orderec'l .Oglt’
Kaplan(2014) Region Logistic
traffic rules
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De Oiia et al. . . Gender .
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Table 2. Descriptive Statistics of Candidate Variables
Dependent variable
Characteristics Variable Classification

Possible injury| Minor injury | Severe injury Fatality Total

Frontal crash 273 4,052 2,431 150 6,906

(4.0) (58.7) (35.2) 2.2) (11.7)
Rear-end crash 767 13,400 5,181 218 19,566

3.9 (68.5) (26.5) (1.1) (33.2)

Side-on crash 334 4,982 1,884 52 7,252

. . (4.6) (68.7) (26.0) 0.7) (12.3)

Crash info. Accident types

Right Angle crash 863 10,409 5,079 131 16,482

(5.2) (63.2) (30.8) (-8) (28.0)

Crossing-pedestrian 362 2,941 3,606 352 7,261

crash (5.0) (40.5) (49.7) (4.8) (12.3)

Single-vehicle 198 462 589 152 1,401

crash (14.1) (33.0) (42.0) (10.8) 24
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Table 2. Descriptive Statistics of Candidate Variables (Continue)

Dependent variable

Characteristics Variable Classification —— — — -
Possible injury| Minor injury | Severe injury Fatality Total
ntersection 1248 17,772 9,213 375 28,608
(4.4) (62.1) (322) (13) (48.6)
Crossualk 78 596 495 43 1212
Accident occurrence (6.4) (49.2) (40.8) (3.5) 2.1)
Road factor .
location Tunnel 8 131 95 9 243
(33) (53.9) (39.1) (.7) 0.4)
Other 1,463 17,747 8,967 628 28,805
ers .1) (61.6) GL1) 22) (48.9)
. 671 8,807 4,789 372 14,639
. Night BPM=SAM)| 4 ) (60.2) (32.7) 2.5) (24.9)
me
2,126 27,439 13,981 683 44,229
Day (6AM-8PM) (4.8) (62.0) (31.6) (1.5) (75.1)
Fog 4 75 48 8 135
Environmental (3.0) (55.6) (35.6) (5.9) 0.2)
factor Rain 149 2197 1,186 90 3,622
a .1 (60.7) (32.7) 2.5) 62)
Weather
Show 12 310 135 7 464
(2.6) (66.8) (29.1) (15) (0.8)
Sunn 2,632 33,664 17,401 950 54,647
iy (4.8) (61.6) (1.8) (1.7) (92.8)
Show 10 162 60 3 235
43) (68.9) (25.5) (13) 0.4)
g . 17 346 202 15 580
Road condition Surface Freezing 2.9) (59.7) (345) 2.6) (1.0)
b 2770 35,738 18,508 1,037 58,053
Y (4.8) (61.6) (1.9) (1.8) (98.6)
Serious violation 247 3580 2632 21 6,680
erious viotatio (.7) (53.6) (39.4) (3.3) (113)
General violation 546 8336 5035 129 14,046
o o (3.9) (59.3) (35.8) 0.9) (23.9)
Accident info. Violation types
Unsafe drivin 1931 23856 10841 698 37,326
sale driving (5.2) (63.9) (29.0) (1.9) (63.4)
73 474 262 7 816
Others (8.9) (58.1) G2.1) 0.9) (1.4)
Vil 2,187 26,870 13,712 820 43,589
e (5.0) (61.6) (31.5) (1.9) (74.0)
Gender
Human Female 610 9,376 5,058 235 15,279
factor (4.0) (61.4) (33.1) (15) (26.0)
42.02 43.42 46.26 53.01 42.67
Age Mean (Std) (16.189) (14.207) (16.279) (17.056) (10.52)
Traffic volume Mean (Std) 21722.70 1996334 | 1928696 | 14774.42 19738.28
(Veh/day) (2512122) | (23253.22) | (2324435) | (20077.74) | (23304.65)
etc
Vehicle speed 41.44 4239 43.16 46.59 44.43
(km/h) Mean (Std) (10.72) (10.47) (10.53) (10.04) (15.16)
Total 2,797 36,246 18,770 1,055 58,868
(4.8) (61.6) (31.9) (1.8) (100.0)
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el
Table 37} 2t} B3] Z3hde

FaAL Q1A E(Ue], AE) TE|al Hreel ofF 2 {3 59 ©H) AA(p*= 0.121>0.05)2
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Table 3. Results of Ordered Logit Model for Injury Severity
Category Variable Ié; SE Wald P-value
Frontal crash -.587 .060 96.058 .000***
Rear-end crash -.869 .055 248.136 .000***
) Side-on crash -.881 .062 202.148 .000***
Accident types :
Right Angle crash -.901 .057 253.001 .000***
Crossing-pedestrian crash 256 .060 18.229 .000***
Single-vehicle crash 0" 0
Intersection -.097 .020 23.711 .000***
Accident Crosswalk -266 062 18215 000+
occurrence
locati Tunnel 582 128 20.651 .000***
ocation
Others 0" 0
Night 130 .020 42.735 .000***
Time
Daylight 0" 0
Fog 289 172 2.836 .092*
N Rain .018 .035 264 .607
i Weather
Environmental and Snow -095 120 630 427
road factor
Sunny 0" 0
Snow -243 .160 2.295 .130
Surface Freezing .163 .092 3.114 .078*
Dry 0" 0
Serious violation 336 .078 18.728 .000***
General violation 408 .076 28.942 .000***
Violation type —
Unsafe driving .022 .074 .088 167
Human and violation Others 0 o
factor
Male .058 .020 8.428 .004%%*
Gender
Female 0 0
Age .016 .001 815.150 .000%**
Traffic volume -.000 -.000 3.833 .050%*
Covariates Vehicle speed .012 .001 179.435 .000%**
Year -.100 .009 123.248 .000%**
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Table 3. Results of Ordered Logit Model for Injury Severity (Continue)

Category ‘ Variable 8 SE Wald P-value
Possible injury -204.839 18.231 126.243 .000%**
Threshold Slight injury -201.038 18.230 121.612 .000%**
Severe injury -197.600 18.230 117.494 .000%**

Number of observations 58,868

- Log likelihood at zero LL(0) / - Log likelihood LL(3) 101,917.840/ 87,510.893
Log likelihood Chi-square (p-value) 3,406.947 (0.000)
Likelihood ratio index p* 0.121
Pseudo R-squared 0.068

% p<0.1 ** p<0.05 *** p<0.01
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Table 4. Relative Ratio of Accident Types by Accident Occurrence Location

Accident occurrence . N Relative ratio of estimated probabilities to reference case
. Accident types o — — — -
location (%) Possible injury| Slight injury | Severe injury Fatality
Frontal crash 3,543 (12.4) Reference
Rear-end crash 7,059 (24.7) 1.45 1.12 0.77 0.66
. Side-on crash 4,248 (14.8) 1.46 1.11 0.77 0.67
Intersection
Right Angle crash 10,144 (35.5) 1.23 1.07 0.87 0.81
Crossing-pedestrian crash 3,340 (11.7) 0.51 0.74 1.44 2.06
Single-vehicle crash 274 (1.0) 0.62 0.84 1.29 1.57
Frontal crash 23(1.9) Reference
Rear-end crash 167 (13.8) 1.27 1.04 0.82 0.76
Side-on crash 0(0.0) - - - -
Crosswalk -
Right Angle crash 192 (15.8) 1.32 1.06 0.81 0.75
Crossing-pedestrian crash 830 (68.5) 0.41 0.71 1.69 2.59
Single-vehicle crash 0(0.0) - - - -
Frontal crash 14 (5.8) Reference
Rear-end crash 172 (70.8) 1.30 1.12 0.87 0.76
Side-on crash 17 (7.0) 1.48 1.18 0.80 0.66
Tunnel
Right angle crash 27 (11.1) 1.34 1.14 0.85 0.74
Crossing-pedestrian crash 0(0.0) - - - -
Single-vehicle crash 13(5.3) 0.51 0.68 1.30 1.94
Table 5. Relative Ratio of Night/Daylight by Accident Occurrence Location
i Relative ratio of estimated possibilities
Accident oc':currence Night/Daylight N (%) — e p = :
location Possible injury Slight injury Severe injury Fatality
. Night 7,313 (25.6) 0.92 0.98 1.05 1.06
Intersection
Daylight 21,295 (74.4) Reference
Night 333 (27.5) 0.85 \ 0.95 \ 1.08 \ 112
Crosswalk -
Daylight 879 (72.5) Reference
Night 44(18.1) 0.82 \ 0.91 \ 112 \ 131
Tunnel
Daylight 199 (81.9) Reference

FE, SUTEL A4FE s AP AUt veRd 8] ok Bdelrs FEAL S AEEA s S EAlL
2tz 0.664H, 0.674, 0.814 wh2 whil, HAFEAlL, 2kas ol W) APgAar) vekd: EEe] 242t 0.764, 0.664H, 0.744)
FARLE AFARL W Bhgo] AugsAkael vls) ik 2068, o=, FAETEANLE UETEARL] s AFPEAEE

15T 37 Vebgtek webd sahe Abas WAl Akt A
wpy ShEo] 7P L, TR, FEFEAL, HA5EAL,
BT, FRAAL 408 e 0% Vet ekt
A= S Ao Hjs) FEAReL 2B kol Ak
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Table 6. Relative Ratio of Accident Occurrence Location by Night/Daylight

BAe) g

FEAb, ZRFEA

Night/Daylight Accident oc.:currence N ) Relative ratio of estimated probabilities
location Possible injury Slight injury Severe injury Fatality
Intersection 7,313 (95.1) 1.76 1.23 0.74 0.58
Night Crosswalk 333 (4.3) 1.29 1.03 0.95 0.96
Tunnel 44 (0.6) Reference
Intersection 21,295 (95.2) 1.56 1.13 0.79 0.72
Daylight Crosswalk 879 (3.9) 1.23 0.99 0.99 1.11
Tunnel 199 (0.6) Reference
Table 7. Fatal Risk Ranking of Accident Types by Accident Occurrence Location
Category Risk ranking Frequency Relative Ratio
1 Right Angle Crash Crossing-pedestrian Crash
2 Rear-end Crash Single-vehicle Crash
Intersection 3 Side-on Crash Frontal Crash
4 Frontal Crash Right Angle Crash
5 Crossing-pedestrian Crash Side-on Crash
6 Single-vehicle Crash Rear-end Crash
1 Crossing-pedestrian Crash Crossing-pedestrian Crash
2 Right Angle Crash Frontal Crash
Crosswalk
3 Rear-end Crash Rear-end Crash
4 Frontal Crash Right Angle Crash
1 Rear-end Crash Single-vehicle Crash
2 Right Angle Crash Frontal Crash
Tunnel 3 Side-on Crash Rear-end Crash
4 Frontal Crash Right Angle Crash
5 Single-vehicle Crash Side-on Crash
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Table 8. Fatal Risk Ranking of Accident Occurrence Location by Night/Daylight

Category Risk ranking Frequency Relative Ratio
1 Intersection Tunnel
Night 2 Crosswalk Crosswalk
3 Tunnel Intersection
1 Intersection Crosswalk
Daylight 2 Crosswalk Tunnel
3 Tunnel Intersection
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