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ABSTRACT

In general, truck-involved crashes increase severity in terms of both injury level and crash impact level. Recently, although the
frequency and fatality of truck-involved crashes in Korea are rising, their associative studies are very limited. Therefore, the objective
of this study is to identify critical factors influencing on injury severity of truck-involved crashes on Korean freeway system. To carry
out this objective, this study uses an ordered probit model (OPM) based on a 6-year crash dataset from 2012 to 2017. From the analysis,
eight variables were found to have a great effect on injury severity: older driver, crash speed, rear-end collision, number of vehicles
involved, drowsy driving, nighttime (0:00 to 6:00) driving, overturn or rollover, and vehicle’s fire after crash. However, injury severity
was less severe in crashes under snowy condition and crashes to traffic facilities (i.e., crash alone).
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(Traffic Accident Analysis System: TAAS)o|| W}2H I&eg
kAt Alare] 749 20121 7947104 2017 937710 2 Zoks)
= Ao, APgR} 4= 2012 1368404 20179 106702
sl FAlolt) SRAINE SHE A} ARl APEAL HE-2 2012
36.6 %04 2017 42.7 %7kA] Z7kelom, skl Alarrt ofd
AR B 258 B Ao = ERITHKoROAD, 2018).
oAE sHEA} AfaLe] 4ZMIE STFsIAL Qo] ol thgh tielH
T7E Fadtk ggelct AT FulolA] Z1E shEAf AL
AP 24 tigh e 5 8o 54 el tigk ek
T5 ol Folon, u&wa HA | tigk Al G 5
g8ho] opd kAR skEA) AlaLel] thgk e HEgE dEjeltk
ot uigslell, & o] S T &R Shaat AfaLeA
g5Ate] B A= QS vAE F8 e =SSR
Aotk o] gl H 6:37H2012~2017yd) Tl 1&g olA
WA shERl A AL ke E8sion, geak 2 A=
74 FQ9 AR £58 Yol 48 =248 28(ordered probit
model: OPM)& A-g3}3ie}. &3k 3| a3} #2498 B3 84

Ag uo pAHeR s Sk
2. My E

A=t upe} o), e Skt AL B e SUiETE
TE FACE JPEHIrE wps] B AFoME F2 T
P92 iFe AT 3Bk selck 4, Duncan et
al.(1998)2 stexfet S84t S0l ek A5 FhIem,
o wl, &= Agke] 5 W, =27} 3] 9IS, EFe]
&S FEE W, 57 SR o) A Al A
£ =2It}al 319tk Chang and Mannering(1999)& E2] Alale};
HIEY] AlaLe] Alal 4we] Xjol= Tesh Wpe] J3ks Bt}
I Por, I gl we= TIISA(, vel, ReAX), AFSA
(D), FEEA(EA), =250 18k 27), 718t S8=E=
8, B b Fol vkl Ak =3 Ve ATEe] dF
19 el S g0l gkow, of= Alal Aiedl] iRk T
Q1o that ofshg svlol BEsfcka ok vlaE= 23 1Y
(nested logit model)S #-8-3la] EZ Alare} B]EZ Alale|] tfgk
7P AR oA Aol sAF e R Ao, Ao w
Ed Alare] A9, AR S50t =2 o, BRI -314, 25))
Al, T S5 Aol AL ATt Eolitial Selth

Kockelman and Kweon(2002)& 254 R, 541, 7|ely
Hol ge& ¥ GES (General Estimates System) 255
ARglaL, e ZRHl RS Aeste] 48t Adtes

FE0) Y, A AF 5 98, AP 7Y, 2] £F
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o= AL U o AAEe gl dvar sksler,
APE(U, SUV, IPEY 5] 4%, A=(rollover)7}
A dofks Ao s e, Heel A S5 50 mphold
Zofli] W= Al Akl 4127} 3] JeRdt): Khattak
et al.(2003)2 ol thgh o]a} ==H] K% (binary probit model)
A} ARl Azl ik oMY ZRY] 1Y A T,
FEe} ARl A B g B R A4S sigivk Ao s
A= AP ARLY] 58 %E AASlL, I} 34U e g
17 %, 21 % S7MAFATE Al A7t= SN E A S50
3|

upel Alal § S7E ARl AZFES Eole AOE UEth
BEENE, 08 22 B4 7Fs Aw SES A4
4 %, 9 %5 STM7H, A= F4 78S 26 % 57 ARITkL
siick Ak o' 24 %9 IEAR] Y 7Felds ST IRIThL
skt

Khattak and Targa(2004)2] $37jlx+= HSIS (Highway Safety
Information System)®] 2}=E ARgste] 2hd7i3tel] thet 725
SlaL AL A 24S Slnk Ao R v AR AL B
A} AfaLe] 7B AL AT oItk eflon, =27t
AoIRIA] AU STtz A A e A4S o 2
ALl AZPEE BTt sigitt B3k 219 71t 77k ARds
5 2] AR 7t w575 AL AR okl Stk
Aarts and van Schagen(2006) 7 2} 53 &9 H3}
R} &ro] Pt FE S8 U & WAE 7L &R
AAE E2ET AE&0 2 AAlE E2N 5 S50t
w27 Z7}sitar sheitk Xie et al.(2009)& SH=}e] vo|o}
o] LefErs; SR et A, Alal §- skt 2yt
785 AL AEE ERIThL Sk Bk AR ZEEl Byt
H|o) At 498 Z=H] 2¥(bayesian ordered probit model)<]
HIuE 315lom, Akne] 7} Wes 7 B¥o 9%k Akt
I, AF7F AE A, Hjo]RIqE xR ZRH] Ko oMY ZeHl
RYEo A s 9%k 2o 2 eIt

Zhu and Srinivasan(2011a)2 7|ZEAPY 38} Aol A=
o tigt A= Baleln, A8 B8 &% A 4 % A
9 W B AR Bg A3k Sfel ekt sksivk Adte
Egat Alareld g S5 9 wxlRolke] FEe] Al At
7P Eval yepko ], aRde] B a&eRdXe @ Ae
Zo 2 el T v ARE =24 OE8A] S Al
ATt ST, ARk B, S5, A 9l
AL Al T & S Tl Aok vhdd] 2-xixte] =,
47, SFHE Aol AR O R fFofsA] kL Jth

Zhu and Srinivasan(2011b)2] A= AlaL AZbe 71Es



HIS (Highest Injury Severity)7} ol OIS (Occupant-level
Injury Severity) & A¢kon, E33 £A13 Z28] 23 (mixed
ordered probit model) #8313tk OISt Hke] F& o)
Fom, Al A7kl A1 2 AR o9 AlkEe] tie Al
AZREE & S glol, S A e Seky] goleitia
STk HIS7H 55 A4 A7) 284 AR ofd 4 vk
Sgor], Ao B okE 8, e, Fel Al ke
o frellak, 9ka R elol, FAMER= AL s v
= Ae=w yEith

Chang and Chien(2013)2 CARTs (Classification and Reg-
ression Trees) & 3 W24 02 Fandsro} Aular
o Wl B SHel, o] 918 Abn g T
Lro] oF 70 %] E<5AtE(learning data)9} L] 30 %<
ABA S esting data)E TSI °F 70 % o) 6l gk
£ Bglom, SRE AR, AR, FEAE, Ak 91X,
A Aee] 5 5] AL Aete]) Fae ik Ao = Lehich
I 5 SR AL A 7R 2 GEE vHE Aes
YeRJtt Islam and Hernandez(2013)+:= IHS (Insurance Institute
for Highway Safety)olH) 4ejeh ol sH2i4.5E ool theh
AL A7be 7S B9l w4 mRE wale] SREEEA
e W] TR 7P S TR 91 A sheble 2439
2 24| 8 (random-parameters ordered probit model)-2- -85}
Ak B o2 o) A, Yot BeTS, S 2575
Lol Ao A Al F AES ofdehe g AL At

Table 1. Descriptive Statistics of the Explanatory Variables

oItk siglon], Qo dpdsln Gre Asis} the
OFFSE, AbL A 47} WSS, T et FESR A%
A3 jzhzh viek sk

e QTS B v, SR AR G Ao} A Azkee)
WS slotel] Sl el Ao R Be evse] Sk
Ao A1 T2yl RS AGSA, 9ol et 1Y
S AL} e B AL Sk ofol s Fhel
75 e sha} Al AV dig 9 S3ge] wlg- B
AAolnl, We T2 i, 21 VIKe] AmE Bgate] BN
Rt EABA) ehe 0= sfelsIRlcy HaHo 2, B G
= T whw s} Aol the 3 AhE 248 sk
A gt

3. X120 23 XN 7Y

3.1 X2

B dPodE s aAtoll S8 ke g 3MEa) Al
A2E FE319Tk 201295 2017714 6 7F St 2gA)
A FEfshs 38 &R ol AYEk AL Aksr) B89
on, o] F sHEAP} AlaL 991 21ES) AR 7,2397S AMESIITk
7 e TR shEAt Al s Bludew 21.81 %,
AafetrEe = 1033 %, SHUFLEEEAA 9.82 %, FFaL
S5 946 % wO 2 UEREOH, 11 9] 347 XA Ak
T 48.58 %R VERITE $3E Al AFEelE AR 91X,

Category Variable Number Average Description
Driver Age 7,239 3.6994 Interval (~19(1), 20~29(2), 30~39(3), 40~49(4), 50~59(5), 60~(6))
characteristic Gender 7,239 0.9920 1 if male driver, 0 otherwise
TCS 909 0.1256 1 if TCS (Toll Collection System), 0 otherwise
HiPass 300 0.0414 1 if HiPass, 0 otherwise
Crash location Ramp 1,198 0.1655 1 if ramp, 0 otherwise
Mainline 4,481 0.6190 1 if mainline, 0 otherwise
Tunnel 331 0.0457 1 if tunnel, 0 otherwise
Drowsy shelter 20 0.0028 1 if drowsy shelter, 0 otherwise
Speeding 1,854 0.2561 1 if speeding, otherwise: 0
Driving with short headway 262 0.0362 1 if driving with short headway, 0 otherwise
Drowsy driving 1,699 0.2347 1 if drowsy driving, 0 otherwise
Causal factor Distraction 2,317 0.3201 1 if distraction, 0 otherwise
Incorrect passing 115 0.0159 1 if incorrect passing, 0 otherwise
Vehicle breakdown 755 0.1043 1 if vehicle breakdown, 0 otherwise
Damaged road 51 0.0071 1 if damaged road, 0 otherwise
Incorrectly loaded freight 181 0.0256 1 if incorrectly loaded freight, 0 otherwise
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Table 1. Descriptive Statistics of the Explanatory Variables (Continued)

g3 nEER oA A A2tE

Category Variable Number Average Description
Broadside collision 317 0.0438 1 if broadside collision, 0 otherwise
Crash type Rear-end collision 1,639 0.2264 1 if rear-end collision, 0 otherwise
Collision against facility 2,859 0.3949 1 if collision against facility, O otherwise
) Rollover/overturn 1,129 0.1560 1 if rollover or overturn, 0 otherwise
Vzgfrli:;:;“s Fire 69 0.0005 1 if fire, 0 otherwise
Stop 6,050 0.8358 1 if stop, 0 otherwise
Crash Number of trucks involved 7,239 1.5552 ratio scale
characteristic Crash speed 7,239 92.6960 ratio scale
Sunny 4,324 0.5973 1 if sunny, 0 otherwise
Snowy 232 0.0320 1 if snowy, 0 otherwise
Weather state Rainy 1,689 0.2333 1 if rainy, O otherwise
Cloudy 951 0.1314 1 if cloudy, 0 otherwise
Foggy 33 0.0046 1 if foggy, 0 otherwise
Timel (0:00~6:00) 1,362 0.1881 1 if timel, O otherwise
Time2 (6:00~12:00) 2,213 0.3057 1 if time2, 0 otherwise
Time period
Time3 (12:00~18:00) 2,513 0.3471 1 if time3, 0 otherwise
Time4 (18:00~24:00) 1,151 0.1590 1 if time4, 0 otherwise

AR 191, ARt WA ARE, A w9 719 Sl o
2 7o e A Azhed] 98
2

242 FRERICE Table 12 #5754

Bz} E3Eo] glom, ol
w2 Ao ek 9 2

G QA tigk 712 BAE AAIEE Aojrk

32 =AY D28 S
Apae] Azhsh o) SIS B Fe kb, B,

29, AP Sl ARE e S8 £4Y Zed 2y

flo rok

(ordered probit model: OPM)o] dg] AR&-E] o] gkt}(Savolainen
et al,, 2011). B=3F OPM & 5§ WH=e] o] WHels B3l £
Hare] H3lE gjefdt 4= Qlti(Duncan et al.,, 1998; Khattak
et al., 2003; Khattak and Targa, 2004; Chung et al., 2014;
Chung, 2018; Kim and Chung, 2018). wa}r], £ orl=
B AAEE a15e] 347 2 ‘glE33f(complain of pain
or property damage only)’, ‘“d’H(visible injury)’, ‘%~ JH(incapa-
citating injury)’, ‘AF(fatality)’ = 753} OPML 28813
th OPM &g thadt o] 3k

yj:/i/xi-i-gl-,i:l, un (1)
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o] o A9 WS AT e

4.2 sil=at

oMY e BES 59 =EE BEE RS AL gick
(Savolainen and Ghosh, 2008; Savolainen et al., 2011). wl2b4
wyo] YA A AR $4 Bo) 7P, o8 5
Uit Ak Az ek A g3 sl £ g
(Cameron and Trivedi, 2010; Obeng, 2011; Chung et al., 2014;
Chung, 2018). SHA|&¥= HHE-S F3 SHHTF o &)
ZANTF] ] 7S 012 WishE Qe Ak Alzhee] wisjey
< 5793 o], Table 32 A& B9 AAE Vel

Table 2. Results of Ordered Probit Model on Injury Severity

WA 2 59 Fhol 7P =30 AL F xjel] sk} sk
ALaLe] 73, Al AR HeAks FUe R QIR FE Aok
Ao I3k AIA 58, wdk Az}, FFow Qg o] Bt
Beo] e 4 glom, o]k Feelp] WS SRl 23 FAFe.
2 o]ojd 7hsdo] 7] wiiel| olst A} vt Ao R
T AAH o2 A, T4 AFRARAL gl 24 6.6 %,
2 %, 6.8 %E S/l Zo= YERT] oo} fARH AL
F o] AL} 2=E) A9 gaAle] 50l Aloto] walst
31 thaRs o] hastel, Ak Alzerk F7kehs S0 ek
ol Avhe 7l @7 Avje} AxJTi(Khattak et al., 2003;
Khattak and Targa, 2004). 35 Al3Le] A= 4 A4S
FolaL, F G55 A7 32 %, 1.0 %, 32 % S7P e 2R
Uepstow, o] 23 Bg 71E AT} fA1e Ao i)
(Duncan et al., 1998).

S77e) Yolr} Z7F5E 23 A7k SHEo] Zbeks
2s & g glom, olgh A= Rle] WL, B 35
&5 5 A 5] AR QI Fo = FjAR 4= It O domnell
and Connor, 1996; Xie et al., 2009; Islam and Hernandez,
2013). &5 319] Apolm Rk vhe&e) 4lA] o)
AL 73 5 vk, AlaL 2 i3] sEo] dA|3] Sols
Ao detso], B4 Adw gao] Frkske Ao R i
T Atk Aok ARt el gk AkaLe] A, 23} 328kl
SRR o] Aok} Fo] Zhawr] wiiEel], of2fgk f7delA
A AlaLe] 54 At Sehe 2t ek Ak sialE
Aoz ofefsh Jelr] WAE Alare] Bt 4lhe SEe FF

Variable Coefficient Std. p-value
Driver characteristic: Age 0.0599 0.0113 0
Causal factor: Drowsy driving 0.3856 0.0427 0
Crash type: Rear-end collision 0.3362 0.7542 0
Crash type: Collision against facility -0.7996 0.0777 0
Vehicle status after crash: Rollover/overturn 0.3387 0.0482 0
Vehicle status after crash: Fire 0.6539 0.1505 0
Crash characteristic: Number of trucks involved 0.1723 0.0190 0
Crash characteristic: Crash speed 0.0052 0.0014 0
Weather condition: Snowy -0.4166 0.1345 0.02
Time period: Timel (0:00~6:00) 0.0898 0.0481 0.06
Number of crashes 7,239
LR chi2 (10) 1616.25
Prob>chi2 0.0000
McFadden’s p? 0.1783
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Table 3. Marginal Probability Effects of Estimated Model

Variable Complaints of pain|  Visible Injury | Incapacitating Injury Fatality
Driver characteristic: Age -0.012 0.006 0.002 0.005
Causal factor: Drowsy driving -0.087 0.037 0.012 0.038
Crash type: Rear-end collision -0.074 0.032 0.010 0.032
Crash type: Collision against facility 0.113 -0.060 -0.016 -0.037
Vehicle status after crash: Rollover/overturn -0.075 0.033 0.010 0.032
Vehicle status after crash: Fire -0.159 0.063 0.021 0.075
Crash characteristic: Number of trucks involved -0.036 0.016 0.005 0.015
Crash characteristic: Crash speed -0.001 0.000 0.000 0.000
Weather condition: Snow 0.069 -0.035 -0.010 -0.025
Time period: Timel (0:00~6:00) -0.018 0.008 0.003 0.007
o o
~ 4 <
ol M N
0 50 PEED 100 150 5 . o1l?nt 15 20

—=&—— Complaints of pain —&— Visible Injury
—&— |ncapacitating Injury ——¢— Fatality

Fig. 1. Predicted Probabilites by Crash Speed

sh= Zlo 2 vepton, 7lE drdatels dxJgit}(Kockelman
and Kweon, 2002; Xie et al., 2009; Zhu and Srinivasan, 2011a).
WE 2R DsAkLe] B A 8 AP 2 1 A
FES Ve 2R etk A gEAkaLe] e B
WEAPE(], 7k, SR, ey S FE)] wiE
o, T& Al wErMdEe] A4S tiE S5kl 2o R
geAe] 7o) ghasle] Uept Aste dE. w2 ol
o A%, SRR AELAL S Bole A ol Al
WA B A7 Sl Washe Ao FgHct
FEwsh Ahate] Z3HE o] = v S HEe] Pk
W5, o]0} gL WG THEE olgale] Hg Azl Tie
WAESE S S Uk Fig 18 5 S0 He 2 Azt
o) TS FAS Holth o] THTA xFHE FE &,
YEE B Ahol Ui o SHES Uepdt) dndlo 38
Sxrt FrRI) wieh Y, 9, Abi) e ) g8 N

AR, WERS TSR R ArId B HEe dashe
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—=&—— Complaints of pain —&— Visible Injury
—A— |Incapacitating Injury ~——¢— Fatality

Fig. 2. Predicted Probabilities by Number of Trucks Involved

Ao 2 Vel olejet A= 7|E T Ao} dxeiri(Aarts
and van Schagen, 2006). Fig. 2¢] 78-%-, AlaLlel 3 x}2ke]
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