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Analysis on Comparison of Highway Accident Severity between
Weekday and Weekend using Structural Equation Model

ABSTRACT

In order to identify and understand the crucial factors to induce traffic accident, causal relationships between diverse factors and traffic
accident occurrence have been investigated continuously. It is one of most important issues all over the world to reduce the number of
traffic accidents and deaths by them. Korea government is also stepping up their effort to reduce the number of traffic accidents and
mitigate the severity of the accidents by establishing various traffic safety strategies. By introducing the five-day work week and
increasing concern of leisure activities, the differences of trip characteristics between weekday and weekend is getting greater.
According to this, the patterns and crucial factors of traffic accident occurrence in weekend appear differently from those in weekday.
This study aims to understand major different factors affecting accident severity between weekday and weekend using 12,042 incident
data occurred on freeways of Korea from 2006 to 2011. The model developed in this study estimated relationships among various
exogenous factors of traffic accident by each type using SEM(Structural Equation Model). The result provides that road factors are
related to the accident severity for weekday model, while environment factors affects on accident severity for weekend.

Key words : Traffic accident, Severity, SEM, Highway, Weekend

xs
SEATLE 271 QRIS G A1717) 919, Aol 4 v

4 P 3 ¥ A 2Q15E BAEl0] LEATLE S el BEE & 02 ol
SFEh. SR 1140} AR AP 7] Tl Al A1) FA B S8 $A 24, Selutelolals vl EAb s 4184
1 b A S F 5 A oV 9 9] 712 T35 7 SIALE T FeIE AL Don), w5
o) B iIA 2 Thel Uehdth, B ol 55 7o) Al Azhee] mlAe 2.910] theo] jshe] RAstgon, ol n4E
2ol WA S B A TARE TR RS o) ge1o EAslelrh wYS] AT 5 A AT B YL £ 8ol A4 4
Zhe] 71 2 Q% v AlE A 0w UEkor], FuAla 7 B3 e 44 8910] A Alzhee] /14 2 9 IR Aoz Ueht

F50} 9 Abe) 991 Aol & vheRict

20| AL, A2 B, PR, ndEe, 7

* )9 A QNS Fopojst ehEF AT ARATS, TSR
(Corresponding Author- Yonsei University - honghong@yonsei.ac.kr)
# el Este et 441 (sy-ann@hanmail.nen
wk 43)9). Axofeta FIst wAIESl) w4, M (jinchung@yonsed.ac.kr)

Received June 21, 2013/ revised June 24, 2013/ accepted June 27, 2013

Copyright © 2013 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.




LME

L1 9170 i o =X

Salele] WEANL A e ks e veha
AT, Fo A1z s s e Agolr MEAL
msz} AV AV 3ol TR EAl AR F5 BT

wAleA, el e EANL 7S 918 )
‘;—l H;e}% ARG S1ek 5 590A] Al o IeHES] sk ¥l
e 53 Fue) SRgEe e dhe AU glom,

WEARLS] SAE v A R thed) vehdey A2 Al
oJsb 201108 -2zl gol AR A ARl g
221,711700]w, Fael B st 9o el HMYS Al 62,638
Ao I Bt 2 $A5 e, 53u APl
G HEY 747R e S ekt P aEAkL
A= 5 o] AlrdaTE S lwy
afglomd, ApgAfaLe] - 55 AR Al ST =
FAR] 71730] F B 30}%"&} ol Fot T EEMH
SA90] thEaL, AEARL Ae] WA= a<le] HErhs A
oujsh Fgat Tl Alatele] Apdste] He s H‘I"i
itk B9t o] FHE FEEBI tEA| i oPFede]

gAo] sl wheell &xdke] et ofssiA] ok =R g%
Sl ke Afargigle] 2 Zlo g Az,

2 Ao ISR ARARS o83l F5t S
AL Akl HjAl= Gl tiste] AfsIRIt: Alaise}
Atate] F8sPl Qlshs AselH, mRe) VfshrELt
2 sm xkh I T w2 ajkEel ofell AP S
%EP cﬂﬂid 8150l Ee WAIE TR
A Ao R Ko, T By
THgshetl A3 Yo s wdo]

'C
31x)

A]'j‘“—tl'—l:r‘ H\__

B

(o]

27

F
¢

(e}
S A

Lm

F=o WiE
B Aol ARgsklT

1.2 ¢ig1o| ol 3l abH

B ATAE 200635E] 201097k &2 oA whAls
ARAEE o83l F53 FEe] Al Az w|xk= Ek]
tjgte] A3 LR elx] BASE 2k = HEAAL AL
ARY, =2, 91, Y 5o Alael] dgk 7AIA Aleks 1§%P°4
Akl Qi F5o] AL 8, 15221, FHo| Al
3,530 ﬁﬁlﬂ J o WA AlnAGE 12,04270]t) EAM
= AR, AJA, ARZRJNA, T, A Eegd,
5, X%lz%-f*ﬂ A T F 2470 d=e] a&ERelrh
HEHS TS A8ste] F88lem, AMOS 20 =279
o183 Afare] Atwe] mixf= 831 TRE Al T

Ay a1

ofy

filo %

2484 Journal of the Korean Society of Civil Engineers

4 ol ARgshe: ZAH =2adl, 244k a9l eEadlew

TR 7} a5 E 4 e WrES ARSI

2. B2 A

aEAfe] Bk ohrs QUARE ASHow ojoldgte.
w, 718 Baslel ek Belsl] Slet e
cIRl, R ALY ARS 834l (22 AP

S 7ol JYHIE FEATA(1996)9] AT-olr=
Qhelat o] Q= ER VIshE 225 wEsKI x}

SHAIRPE, ARe] A&, FEAL A, dovils, %—couﬂrawq
TR ER7fEE 991 wEAkLY] Faggaclo Mt
Ark o] 7714 210 thste] AiHQ) AR ES e 5
UE ARLHE HARE FEAFE AElEle] deslARd S
sl vlEl(2007) w5 =2 7eE 5 22
AL 1ET ‘7%419}4 WAE BAslgd) B0 it

mlo

e oS A8eel dazsl AL SolY 9
ARHE sk Bl o1E Wi W

¥
B
1
i
o W2
-
L o =
(o3
=
i3
=

i
)E

CHRAMDE TR 298 oigslel ke
HvEe] GEL vk Q1SS

REE=A=1

i
TR WA R g, w8
7 291S oM AR AAsle] 1
A}, st 5"“7‘311 EgE B G AL A7)
=] WAl Sl= Ao yepton], Fole} A91AF A, 234t
AR AL Azhes} o] BAl) Sle AoR ekttt A=
(2010)2 TR APolA] HEIS TEALT G388 i} Afme}
Ay Ab *bié TREse] AlaLe] FQ0le TR BYs
olgste] BBk AHeA] AETrolx] W WAL AEE
AsIlom agAlaL Azt oA MaERle) PAlE Sgs)
ek 2phat Akazorde 2 aglo] FRS wIAIaL, 2} of Algt
ARatoxlE E84 adle] Al G mIAE Zo= ARk

o)X=
AR

-—75]1,} b} FZo] Alare] #sF ATET FEFY Al
U5 ATEE RSP Rk oleld GrEe 3t T
o) sgselo] T, Fule) wEAkLe) Aherk F5] e

o} Az} A AISkL Ytk Gray et al., 2008; Quddus et al.,
2010; Barua & Tay, 2010).
Gray et al(2008)2 d=ro] =2 K =48 $J3le] 137t

o Aug olgal] Aie] AZkeg BAsAT: £4% =)
BRE olgadon], A W Abusl, Sel, s,



A9 a3, AdA a3, T4
59 o] 7 adkE Bkt 75, G
© Alle Alare] Azt v Ve i, L oL
ARLERER ol WA= Akl AEERI ALt
3= Ao g X319t} Barua and Tay(2010)2 ‘Ji]-tﬂ/\]gl-
g2 o ek tis ks ARLE AE 2RI
o7 BasIgit) 19985E] 200537141¢] AlaL AkEE o]&a}
Fom, Afarziarel AlLE-L AlRte] Ao EerE]r % iz
Ak AfaLe] At 9, BT, PERF 2k AgElellA
o A3k 2o Yepsith

WS Anowar et al.(2013)2] FRollXE 8 =7} Lo
WAshe Al dpdslal, A F3skr] f1ete] Afald)
T 8%l 1:Ho]-0c1 48 ]’ Jot. vkl s st

=1

\I
0

—r—‘

Z_'

[‘

&

_4

S
1

Ay 8]

pud

Hgs AN

I

-

o] S5, T3] Aanet P} BN A o
wo] WPk, Abe] A e o R vehgrh FHU

O 7

Fud]) 91598 £} o o) JehaL &

=S A S Lokt

YERITE
3. AEYYN O

T2 B2 AR 9 AEsteA] e S0
EUE & 2RIF 21823 AlFgAstol|A] 7idkeE Ay 2]
B EUlE F UE3AEY ¢ ARE Sl A3 dEs
Zh= AP Eolgal & < AT E, 2005, 2011). 75192
BEe ikt o g ARy} FxuFo g P Stk 4
E¥(Measurement model)& ZHzte] #=mH4rF E4 A

el oA Hzlslo] Si=rhe AR 914 QQIENe] S
ZhL glopd, ASHTEe] SR A= BE=E Wi
ok FZR3(Structural model) oJH FAHST) TR

Table 1. Elements of Structural Equation Model
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Fig. 1. Structural Equation Model

X qx1 vector of observed exogenous variables
y px1 vector of observed endogenous variables
g nx1 vector of latent exogenous variables
n mx1 vector of latent endogenous variables
Meell\;l:)r;;?ent 8 gx1 vector of measurement error terms for observed variables x
e px1 vector of measurement error terms for observed variables y
Ax The matrix(qxn) of structural coefficients for latent exogenous variables n to their observed indicator variables q
Ay The matrix(pxm) of structural coefficients for latent exogenous variables m to their observed indicator variables p
r The matrix(mxn) of regression effects for latent exogenous variables n to latent endogenous variables m
Structural Model B The coefficient matrix (mxm) of direct effects between latent endogenous variables
C mx1 vector of the error terms
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Table 2. Descriptive Statistics of Accident Records
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Weekday Weekend
Category - -
Frequency (person) Ratio (%) Frequency (person) Ratio (%)
Total 8,152 100.0 3,530 100.0
Relativeness 217 2.7 80 2.3
Parking on shoulder -
No relativeness 7,935 97.3 3,450 97.7
Straight 5,027 61.7 2,180 61.8
Horizontal alignment
Curve 3,125 383 1,350 382
Level 7,651 93.9 3,321 94.1
Vertical alignment
Slope 501 6.1 209 5.9
Tunnel 183 22 33 2.4
Accident location
Others 7,969 97.8 3,447 97.6
Asphalt 3,583 44.0 1,535 435
Road surface
Concrete 4,569 56.0 1,995 56.5
) Clear 4,634 56.8 1,931 54.7
Weather condition -
Others(rain, fog, etc) 3,518 432 1,599 453
) S Daytime 4,868 59.7 2,114 59.9
Daytime or nighttime .
Nighttime 3,284 40.3 1,416 40.1
) Dry 5,905 72.4 2,520 71.4
Surface condition
Wet 2,247 27.6 1,010 28.6
Female 824 10.1 516 14.6
Driver’s gender
Male 7,328 89.9 3,014 85.4
20s than less 1,313 16.1 744 21.1
30~39 2,203 27.0 956 27.1
Driver’s age 40~49 2,688 33.0 1,068 30.3
50~59 1,554 19.1 624 17.7
60s than more 394 4.8 138 39
Normal 6,384 78.3 2,686 76.1
High operating speed -
Speeding 1,768 21.7 844 239
small and medium 5,235 64.2 2,804 79.4
Vehicle type
Full-size 2,917 35.8 726 20.6

Note: Vehicle type for small and medium size included cars(business, private, jeep) and full-size included freight, trailer and special cargo.
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Table 3. Definition of Model Variables

Category 0
Parking on shoulder Relativeness No relativeness
Horizontal alignment Straight Curve
Road factors Vertical alignment Slope(-3%~3%) Slope(>3%)
Accident location Tunnel Others
Road surface Concrete Asphalt
Weather condition Clear Others(rain, fog, etc)
Environment factors|  Daytime or nighttime Nighttime Daytime
Surface condition Dry Wet
Driver’s gender Male Female
Driver factors Driver’s age 20s than less: 1, 30s: 2, 40s: 3, 50s: 4, 60s: 5
High operating speed Speeding Others
Vehicle type Full-size small and medium
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F%, Funde] o8 298 ReE P BEOA, tvalues 2% ALege] 4%, 599 Landaxsh Gamma 7ol <),
eJ5F Tables 4-77} 2k PNy, Seng, SEmEdH, S O, RAEIeE
Table 4. Estimates of /" for Weekday Model
Category Estimates S.E. t-value P Standardized coefficients
Road factors 1.000 - - - 0.487
Environment factors 0.044 0.014 3.225 0.001 0.083
Driver factors -0.163 0.037 -4.407 0.001 -0.082
Table 5. Estimates of A, for Weekday Model
Category Observed variables Estimates S.E. t-value P Standardized coefficients
Parking on shoulder 1.000 - - - 0.466
Horizontal alignment 0.783 0.135 5.811 0.001 0.121
Road factors Vertical alignment -0.029 0.062 -0.463 0.643 -0.009
Accident location 0.012 0.038 0.307 0.759 0.006
Road surface 0.229 0.130 1.771 0.077 0.035
Weather condition 1.000 - - - 0.595
Environment factors Daytime or nighttime -0.003 0.025 -0.126 0.900 -0.002
Surface condition 1.051 0.252 4.165 0.001 0.621
Driver’s gender 1.000 - - - 0.257
Driver factors Driver’s age 3.096 0.209 14.786 0.001 0.218
High operating speed -0.457 0.065 -7.090 0.001 -0.086
Vehicle type 5.936 0.918 6.465 0.001 0.958
Table 6. Estimates of 7~ for Weekend Model
Category Estimates S.E. t-value P Standardized coefficients
Road factors 1.000 - - - 0.046
Environment factors 0.244 0.067 3.618 0.001 0.115
Driver factors 0.032 0.010 3.232 0.001 0.073
Table 7. Estimates of A, for Weekend Model
Category Observed variables Estimates S.E. t-value P Standardized coefficients
Parking on shoulder 1.000 - - - 0.067
Horizontal alignment 16.455 7.619 2.160 0.031 0.336
Road factors Vertical alignment -4.523 2.163 -2.091 0.037 -0.190
Accident location 3.542 1.661 2.132 0.033 0.232
Road surface 13.802 6.409 2.154 0.031 0.276
Weather condition 1.000 - - - 0.995
Environment factors Daytime or nighttime 0.033 0.017 1.958 0.050 0.033
Surface condition 1.000 0.018 54.239 0.001 0.996
Driver’s gender 1.000 - - - 0.291
Driver’s age 3.156 0.354 8.920 0.001 0.290
Driver factors
High operating speed -0.197 0.097 -2.032 0.042 -0.047
Vehicle type 2.736 0.484 5.652 0.001 0.696

Vol.33 No.6 November 2013 2489



Table 8. Goodness of Fit Statistics

Index Weekday Weekend Recommended level
Chi-square 2190.547 (p=0.001) 1034.612 (p=0.001) p<0.05)

GFI 0.968 0.966 0.9 and more
AGFI 0.956 0.953 0.85 and more
RMR 0.012 0.015 0.05 and less

RMSEA 0.051 0.052 0.05 and less
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