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ABSTRACT

PURPOSES : According to accident statistics for road built in 2004, the ratio of accidents on frozen roads to normal roads is 0.9%, whereas
the fatality ratio is 2.7%. The risk of accidents on frozen roads is very high. Measures taken every year to prevent traffic accidents of frozen
roads in the winter season are still insufficient. Additionally, measures have been established mainly on rural roads. Therefore, for urban roads,
analyses and measures to prevent accidents are lacking. In this study, data on accidents on frozen roads was used to search for the causes behind
these accidents and measures to reduce accidents have been recommended.

METHODS : In this study, collected data from the TAMS (Traffic Accident Management System), which were collected by the Seoul
National Police Agency was used. The data were divided into vehicle, people, and condition of road. The analytical model used here was
the Logistic Regression Model, which is frequently used for traffic safety and accident analysis. This study uses the odds ratio analysis to
search for variables related to frozen road traffic accidents in each category. A total of 18 out of 47 variables were found to be the causes of
accidents.

RESULTS : From the results of the comparative analysis of 18 variables, the category of the condition of the road was found to be the most
critical. Contrary to expectations, more accidents occurred in clear weather than in other conditions. Accidents on bridges occurred frequently,
and its odds ratio was the highest compared with other road types. When BPT is operated, the probability of accidents on frozen roads is lower
than in general conditions, and accidents occurred frequently on roads with less than four lanes.

CONCLUSIONS : Based on the results of this study, suggestions for reducing the risk of future domestic road accidents in freezing
conditions are indicated as follows. First, it is necessary to perform a technical review of the urban road traffic accidents caused by frozen
roads. Second, it is necessary to establish criteria for the study of the road environment based on the major causes of road accidents on
frozen roads. Third, improvements in urban road environmental factors should be made.

Keywords

frozen road, traffic accident, traffic accident characteristics effect, logistic regression, odds ratio, urban streets

Corresponding Author : Kim, Sangyoup, Associate Research Fellow International Journal of Highway Engineering

Jeonbuk Development Institute, http://www ksre.or kr/

#1696, Kongji Patji-ro, Wansan-gu, Jeonju-si, Jeollabuk-do, Korea ISSN 1738-7159 (print)

Tel : +82.63.280.7100 Fax : +82.63.286.9206 ISSN 2287-3678 (Online)

E-mail : whiteallen@naver.com Received Mar, 11,2014 Revised Mar, 11,2014 Accepted Mar, 24,2015

g2z 25t =2 - AMi7E Mg 79



x
rhu

2. -9 ZAYLM H3H HAFHE

54719 ERE W2 7|eoR b A vjg) & 21 I ZU-HI I9
S 2710 =1 ko] FAHET 547 & Ho| A7 ko] AR FUAL ol Fe-HA
ARl 2 7| 2Rt mhet A Ee AWEdE 94 2 s A AHollA k2 =71 0T olstE "o
SHIL LW O] upE A4 A E & E AR wEA = Aotk Ao A =W 2=t FetE "ol
I EE BFELE op7|gt A 3W(2008~2010 olfE W2 YR Fo| ¢ 7] oy, F2
WZE A AL H WEARL 5 AW AL v Fig 19 O, @ @0 ® Aylo] S TH(EdA7|
= A%t 60% HIER 7kt Stk 1y FAE7] &Y, 2006).
WEARL g 913 L oju|etn AMIALE Sut
gt 57 dFARLTE AGH R MAYSEAL Qlo] AL e
A awgAbaLel tigh AbS] A A2 F7kstar gl [ waer | [ suw |

* Partly Freezing
¢ The Repetition of
Melting & Compac

o Sublimation

ting

=R wE FAAEE ZAEA oot & Al
ohA Zol7) QAN AL EATES: 1EehH AH]-H O Fig. 1 Main Causes of Frozen Road in South Korea
AL s =t & = et

S oA Adewo] o b7 93 Aol % zpaet EHANS =20 AY SAoRE AR 22
ARE 7o ARSANTIIS ARSI gu @y UERe B AAg o] gop HAEY 2eTh W A
stola} ekato] Ao o) A AW IS Agstn  Fol v SAR. Bok, BE -l et w fot
ort At da A Aol gAe o]EAe] = 22 ANE A9 B Lo ulg] =7} dol Ay
o parael AMEEE oxa gy glo] LA o] gr)of wjsf A= ATEHH P A, 2003, 2
Heaof g3t o 9 Ao HEs Aol w4, 2005, =AA7adT4, 2006).
oF ARed Abare] g o2 vy F9|mA| A3 SAAE Ee YA AT ARl HiE o

AL &9 9 VMSE &3 AEAF, vng UAA e 29 RS dSched 2R S8
A A7, Qe AsEAAAES S YA = 5 Sl 2y o] A AR A 9s FAHeE
gt Qlovy A= gHEo] ek, Ao FIH] kg E4o] thE EARERAE FUt
A AlFsh= 20098~2013W 7HA] 5WZFe] AEA = AFATE AE5H]oll= 77t itk

Tl W2 A% T AALdeE B4 A, =
AFERA )t REER ALderE 242 0.1 22 ZulL- oo OpEtAl4d Y Alm HEHA

=

211-
A/km, 0.053A/kmE ZAREZA]-25)9] A}
L7F of 2l Fob AkaLe f|EAdol =
o ik,
AR AR BEALE st S &0l
7] $efiMe =AY AR I &
8aE dESfoF & Fart it webA

O
rlr
pou)
tlo
e =

N
ox
N
R
2
i)
gl
H
ku
l_r
u=)
or
u)
I
=
i
ey
I
)
flo
o

Ruud, 1981, ?t=d7]1& A4, 1997).

t] ’

80 International Journal of Highway Engineering - Vol.17 No.2



0.9

0.8

0.7

0.6

S ﬁﬂ Resis;tance
Iid (:}n\ent_(Wet)

RoadFriction
i
=

0.3

0.2

0.1

0.0 ] L | ]
20 40 60 80 100

Speed (km/h)

Fig. 2 Road Friction about Road Conditions and
Vehicle Speed

uhA ) Zhas Ahere] A5 e o] 2 A el e
2 v ) mEY AEAE AEA B
dlolz Ay, ZA] $5 U mwAE 5 ol 24
o uet weba 4 glom eojolel vl zhe] nln
whaelo] olgh AN ARG ket 2ol AAsta ik

(HENFH, 2012).
V2
 254(f + 5/100) ()
o714, d : AlsA = (m)

= 1
f + Eolojel 1enlo] m e nbaA4
s FRAR®)

FW7|EAA AN BAANAE SadE e ok
AaE esto] A E, shAvt AR e
A A AR done Assee %7}6}711
Hrh Table 12 sH7]Eoll A AlA Gk =
0|43 e AEA S vm ﬂom Az
SaeH o npEA s Sl7|EodA AlAshE g A
gatglon] 44 9 AW dALE Fig 29
25 9 HEshnt AEAY vnAT BE 27
oA &7} F71E42 AEARE FE8A Skel
Az 9 SeHe 44 9 A9H 9 A ol
+ AAIEE 120km/hollA ZHdf 37ImE YERdlH Al
B72)9] F7hE gt REALE $USHEL AYALL
9 7tsAE S7HA Y (Wallman, 2001, 0]5-%,
2006). E3F =AJFO AWEHOl 9 AURE A
of HlejA] wFAL W ARG e} 242F T5%, 45% 8%

Z7Fstth(Andrey 2003).

o

Table 1. Comparison of Stopping Distance about
Surface Statements

Stopping distance (m) Difference
Design in
speed _Dry _Wet Snow lce | stopping
(km/h) | (1=0.54~ | (=029~ (=0.3) | (=0.1) | distance
0.65) 0.44) (Ilce-Wet)
120 105 195 189 567 371
110 87 164 159 476 312
100 70 131 131 394 262
90 56 106 106 319 213
80 43 81 84 252 171
70 33 60 64 193 133
60 24 43 47 142 99
50 16 27 33 98 Al
40 10 16 21 63 47
30 6 8 12 35 27
20 2 5 16 12
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Table 2. Classification of Accident Data

Classffication Independent variables N
General Time trend(1), Time of day(2), Severity(3) 11
Vehicle Type of vehicle(), Type of accident(5) 7

Weather condition(6), Alignment(7), Road 5
Road features(8) 47
Environmentl - Number of lanes(9), Location about BRT(10),
) 6
Median(11)
Driver gender(12), Age of Driver(13),
Human Maneuver of driver(14) 8
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Table 3. Descriptive Statistics of Variables

Classification N Explanatory variables Variable description Mean Standard deviation
1 Time trend 1 year increments(2010=1, 2011=2, 2012=3) 2.006 0.817
00:00 ~ 07:00=1, otherwise=0 0.251 0.434
Peak of AM(07:00 ~ 09:00)=1, otherwise=0 0.070 0.256
09:00 ~ 12:00=1, otherwise=0 0.110 0.312
7 Time of day Launch(12:00 ~ 14:00)=1, otherwise=0 0.074 0.262
General 11 14:00 ~ 18:00=1, otherwise=0 0.166 0.372
Peak of PM(18:00 ~ 20:00)=1, otherwise=0 0.109 0.312
20:00 ~ 00:00=1, otherwise=0 0.220* 0.414
Fatal=1, otherwise=0 0.010 0.099
3 Severity Serious=1, otherwise=0 0.340 0.474
Slight=1, otherwise=0 0.650* 0.477
Car=1, otherwise=0 0.786 0.410
) Bus=1, otherwise=0 0.063 0.242
4 Type of vehicle -
Truck=1, otherwise=0 0.07 0.256
Vehicle 7 Motorcycle=1, otherwise=0 0.081* 0.273
Vehicle—Pedestrian=1, otherwise=0 0.259 0.438
3 Type of accident Vehicle—-Vehicle=1, otherwise=0 0.707 0.455
Vehicle alone=1, otherwise=0 0.033* 0.180
Serenity=1, otherwise=0 0.931 0.253
Cloudy=1, otherwise=0 0.054* 0.226
5 Weather condition Rainy=1, otherwise=0 0.000* 0.020
Foggy=1, otherwise=0 0.000* 0.007
Snowy=1, otherwise=0 0.015* 0.120
Ascent=1, otherwise=0 0.061 0.239
Vertical Descent=1, otherwise=0 0.081 0.272
5 Alignment Flat=1, otherwise=0 0.859* 0.348
) Curve=1, otherwise=0 0.053 0.224
Horizontal
Straight=1, otherwise=0 0.947* 0.224
Road 21 Crosswalk & Near of crosswalk=1, otherwise=0 0.096 0.294
environment
Tunnel=1, otherwise=0 0.002 0.047
5 Road features Bridge=1, otherwise=0 0.015 0.120
Single route=1, otherwise=0 0.503 0.500
Intersection & Near of intersection=1, otherwise=0 0.384* 0.486
) BRT=1, otherwise=0 0.041 0.198
2 Location about BRT -
The rest road=1, otherwise=0 0.959* 0.198
Lanes<4=1, otherwise=0 0.518 0.500
2 Number of lanes -
5<lanes=1, otherwise=0 0.482* 0.500
) something=1, otherwise=0 0.123 0.328
2 Median
nothing=1, otherwise=0 0.877* 0.328
. Male=1, otherwise=0 0.877 0.328
2 Driver gender -
Female=1, otherwise=0 0.123* 0.328
Age=<20=1, otherwise=0 0.033 0.180
H 3 8 Age of driver 21<Age<64=1, otherwise=0 0.904 0.295
uman 65<Age=1, otherwise=0 0.063* 0.242
Driving ahead=1, otherwise=0 0.375 0.484
3 Maneuver of driver Turning=1, otherwise=0 0.178 0.383
Maneuver etc=1, otherwise=0 0.446* 0.497

* Omitted variables during

analysis(The total number is 17)
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Table 4. Estimation Results
Variables B; OdQS p-value i @ RS
ratio per 3 year
1) Time trend(relative to first years of 2010) ~ |-0.066 0936 | 0.104 _
Every years after 2010
00:00 ~ 07:00 By 1 0.342 | 1.408 | 0.001* 454
07:00 ~ 09:00 By | 0.362 | 1.436 0.011* 116
General (2) . ; .
(relative to 20:00 ~ 00:00) 12:00 ~ 14:00 | - |-0.154| 0.857 | 0.359 156
14:00 ~ 18:00 - [—0.010| 0.990 0.933 69
18:00 ~ 20:00 - |-0.205| 0.815 0.171 156
_ , , Fatal - [0.071| 1.074 | 0819 14
©); Severity(relative to slight) -
Serious 3, |-0.160| 0.852 | 0.036* 359
‘ . Car Bs 10336 | 1.399 | 0.042* 1,068
@) Type of vehicle(relative to Bus ~ 10083| 1086 0711 75
motorcycle)
Vehicle Truck — |-0.064| 0.938 0.768 77
) Type of accident Vehicle—pedestrian | 55 |-1.106| 0.331 | 0.000* 254
(relative to vehicle alone) Vehicle—vehicle B, |-0.783| 0.457 | 0.000* 922
(6) | Weather condition (relative to cloudy) Serenity Bs |—2.442| 0.087 | 0.000* 662
Vertical Ascent - 0.103 1.108 0.459 90
, (relative to flat) Descent By | 0565 | 1.760 | 0.000* 209
) Alignment :
Horizontal Curve B | 0557 | 1746 | 0.000* 142
(relative to straight)
Crofswa'k & 1o |~ |-0.23] 0884 | 0429 79
Road Road features of crosswa
environment| (8) | (relative to intersection & near of Tunnel - |-0.358| 0.699 | 0.630 3
intersection) Bridge 81| 1.036 | 2.817 | 0.000* 57
Single route B2 10.330 | 1.391 | 0.000* 769
9) Location about BRT BRT B3 |-0.406| 0.666 | 0.046* 44
(relative to the rest road)
(10) |Number of lanes (relative to 5<lanes) Lanes<4 B4 10.210 | 1.234 | 0.004* 712
(11) Median(relative to nothing) Something - 10.054| 1.055 0.601 196
(12) Driver gender(relative to female) Male Bi5 | 0273 | 1.314 | 0.025* 1,177
13) Age of Driver Age<20 b6 | -1.112| 0.329 | 0.001* 17
(relative to 65<age) 21<Age<64 - [-0.122| 0.885 | 0.372 1,199
Human ivi =
D”V'r:‘g ahead=1, | 5 10856 | 2354 | 0.000° 760
(14) Maneuver of driver otherwise=0
(relative to maneuver etc) Turning=1 i
z Bis | 0.262 | 1.299 | 0.020* 171
otherwise=0
sum 10,163

Number of observation=20,271; Log likelihood =—3331.301; Chi—square=1234.46, p—value<0.0001
*p-value is statistical significant at the 0.05 level
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