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ABSTRACT

The aim of this study is to analyze effects of factors on the number of vehicles involved in traffic
accidents on freeway sections. In previous studies about traffic accident severity, the analysis of
accidents involving multiple vehicles was insufficient. However, multiple-vehicle accidents are likely
to cause casualties and are the main reasons increasing accident duration and social costs. In this
study, the number of vehicles involved in an accident was interpreted as the result of the accident,
not as the cause of the accident, and the impacts of each accident factor were analyzed using a
multinomial logit model. The results indicate that multiple-vehicle accidents are mainly related to
following factors: nighttime, driver’s faults, obstacles on the road, a downhill slope, heavy vehicles,
and freeway mainline sections including tunnels and bridges.

Key words : Road traffic safety, Freeway accidents, Multiple-vehicle accidents, Multinomial logit
model, Accident severity
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<Fig. 1> The number of accident cases in 2016-2018
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<Fig. 2> Accident injury severity ratio
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<Table 1> Summary statistics of selected variables for traffic accidents in 2016-2018

Character- Type The number of involved vehicles
istics 1 2 3 4 >5 Total
Number of accidents 18,773 4,829 1,319 519 574 26,107
(72.3%) (18.5%) (5.0%) (2.0%) (2.2%) (100%)
Time of day
Day 67.5% 60.3% 59.7% 63.3% 56.6% 65.4%
Night 32.5% 39.7% 40.3% 36.7% 43.4% 34.6%
Facility types
Freeway mainline 58.0% 83.2% 83.8% 81.8% 82.9% 65.0%
TG (Tollgate; Hi-pass or TCS) 15.6% 2.9% 1.7% 1.8% 0.7% 11.9%
Ramp 19.2% 5.3% 2.5% 2.9% 2.1% 15.1%
Tunnel 3.5% 6.1% 9.9% 12.3% 13.1% 4.7%
Bridge 0.6% 0.6% 0.7% 0.4% 0.7% 0.6%
Others or not reported 3.1% 1.9% 1.4% 0.8% 0.5% 2.7%
Major causes of the accident
Speeding 29.6% 10.8% 8.0% 6.8% 5.9% 24.0%
Drowsiness 10.7% 19.3% 8.7% 7.0% 7.5% 12.1%
Driver’s faults 29.6% 52.5% 55.9% 55.7% 47.2% 36.0%
Load problems 1.3% 0.6% 1.1% 0.4% 1.9% 1.2%
Obstacles on road 9.5% 8.1% 16.2% 18.0% 21.1% 10.0%
Road defects 3.5% 2.1% 4.0% 4.9% 8.4% 3.4%
Vehicle defects 10.1% 2.5% 2.9% 3.7% 3.7% 8.1%
Others or not reported 5.7% 4.1% 3.2% 3.5% 4.3% 5.2%
Weather
Clear 60.3% 71.9% 74.1% 752% 70.9% 63.7%
Rain 24.0% 13.0% 10.4% 8.0% 11.5% 20.7%
Snow 3.6% 2.6% 2.5% 3.5% 4.0% 3.3%
Fog 0.3% 0.4% 0.7% 0.8% 1.1% 0.4%
Others or not reported 11.8% 12.1% 12.3% 12.5% 12.5% 11.9%
Road pavements
Concrete 53.9% 54.6% 54.7% 55.5% 58.3% 54.2%
Asphalt 39.5% 39.3% 39.1% 36.1% 36.1% 39.3%
Not reported 6.6% 6.1% 6.2% 8.4% 5.6% 6.5%
Curve
No curve 63.9% 68.0% 69.4% 70.1% 70.6% 65.2%
Curve 26.6% 23.5% 21.2% 20.7% 21.2% 25.5%
Not reported 9.5% 8.5% 9.4% 9.2% 82% 9.3%
Slope
Flat 52.4% 49.1% 50.2% 50.2% 51.1% 51.6%
Uphill 13.7% 17.4% 14.9% 14.6% 10.6% 14.4%
Downbhill 16.7% 17.8% 20.7% 182% 23.7% 17.3%
Not reported 172% 15.7% 142% 17.0% 14.6% 16.7%
Driver gender
Male 84.3% 85.2% 84.4% 86.9% 84.0% 84.5%
Female 13.0% 11.1% 10.2% 9.6% 8.0% 12.3%
Not reported 2.7% 3.7% 5.4% 3.5% 8.0% 32%
Involvement of heavy vehicles
Truck involvement 30.3% 35.0% 39.4% 38.5% 36.1% 31.9%
Bus involvement 0.4% 0.5% 1.1% 1.0% 0.7% 0.4%
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A 2ZER] RS &3t dFdZA YL o] el X (discrete choice analysis)o| A 2 A3t
o 2 H pERokd M= A8l 2 Y (McFadden, 1974; Ben-Akiva and Lerman, 1985; Kim and Lee, 2007)
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LL(f3): Log-likelihood at convergence

LL(c): Log-likelihood at constant.
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TAFY G 1A Aol BALTAE <Table 359 ANSAT

A BAAT, FYORE FTT ATBYAY, ALFAA, FAF ABHT A¢FH Avhe
57 folge] B Uehdth 53, Aol e Qake] thE Wl vs) guioz aA e
stk oS HEARAL) GEFEAD WA o} ATLAYAL fHo] FaF GG MU A
& ougth T @M, B, SRAY, oA PHd g G ¥ WSE Asdsa Aude
2 SAACR folaA @ At EEHT ALY BAAFNNE ATBAAH ALFLA,
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SRR JEe GHNsRT 1 9FEol o we Ae ¢ 5 Yok

Ao FAAT, FIHA] AT s okt GEFEALE o]0l FEo] WA Lehgrt
R WO ORIALY BS BEFEALE oo}l HEol Erh 2 Juldth ALBYAHE 3T
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Vol.19 No.5 (2020. 10) The Journal of The Korea Institute of Intelligent Transport Systems 7



M

(=}

A
&

ks

=

0

=

4

23

o

0|83 ILER CIEFEAT

olco
dim
AT

AR o]ofd Ths Aol =T o] Adte 712 TA A UBhel, 273 EACI B/ Atz
[©)

54 ApololA wiEd oz ddd ¢ vk S LA, Bdy wFAale] A g ARl
AT ADET GFFEALR o]o]d JHeA S Fole ZOE UETh Al Fo U dFe A
AbaLof AHFATFO R QI AFALY] A TEFEAILET GEARAILRE ojo]d JheAo] wgton, &4
A, 29 Ao E, SHEA(ZEE 3)E AT Aale dFFEALE o]ojd Jhsdo] EUTE HEA
19 A, nEFe] S wf A& VMt el nE e TR gFFEALIF HA TSt
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o7} o2 Ago] BAYsy] W& FFEALR o|od 74
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8 PIRITSYRI=EN| 197, M52(2020H 108)



CHERRRES 0/8% TLER CEFEAD 54 24

o

<Table 2> Multinomial logit model results for the number of involved vehicles

The number of involved vehicles
Variables
2 3 4 >5
Estimate | Pr(>|t) | Estimate | Pr(>|t) | Estimate | Pr(>|t) | Estimate | Pr(>|t)
Constant -2.660 | 0.000%* -4.402 | 0.000%* -5.988 | 0.000%* -5.681 | 0.000%*
Time of Day
Day -0.152 | 0.000%* -0.291| 0.000%* -0.150 | 0.121 -0.433 | 0.000%*
Facility types
Freeway mainline 1.225| 0.000%* 1.479 | 0.000%* 2.028 | 0.000%* 2.319| 0.000%*
TG -1.579 | 0.000** -2.052 | 0.000%* -1.440| 0.017** -1.935| 0.012#%*
Ramp -0.382 | 0.005** -0.806 | 0.007** -0.020| 0971 -0.007 | 0.991
Tunnel 1.280| 0.000** 2.121| 0.000** 2.863| 0.000%* 3.318 | 0.000%*
Bridge 1.108 | 0.000** 1.329| 0.002%* 1.353 | 0.124 2.041| 0.009**
Major causes of the accident
Speeding -0.437| 0.000%* -0.325| 0.096 -0.563 | 0.065 -1.115| 0.000%*
Drowsiness 0.751 | 0.000%* 0.063 | 0.739 -0.254 | 0.389 -0.354| 0.171
Driver’s faults 1.145| 0.000** 1.438 | 0.000%* 1.313| 0.000** 0.999 | 0.000%*
Load problems -0.091| 0.689 0.674| 0.038* -0518 | 0.494 1.000 | 0.010**
Obstacles on road -0.091| 0.353 0.881 | 0.000%* 0.845| 0.001%* 0.888 | 0.000%*
Road defects -0.142 | 0.294 0.931| 0.000** 0.997 | 0.002%* 1.384 | 0.000**
Vehicle defects -1.407 | 0.000%* -1.143| 0.000** -1.010| 0.003** -1.139| 0.000**
Weather
Clear 0.082| 0.136 0.083 | 0.367 0.069 | 0.623 0.031| 0.814
Rain -0.245| 0.000** -0.432 | 0.000** -0.693 | 0.001%** -0.171| 0.353
Snow -0.303 | 0.009** -0.390 | 0.058 -0.016 | 0.954 0.249| 0.330
Fog -0.138 | 0.642 0459 | 0.244 0.663| 0.229 0.967 | 0.040*
Road pavements
Asphalt | oo 0604 |  0047] 04s6 | 0038|0701 | 0012 0895
Curve
Curve | ou16] 0009 | 0226] 0004 | 0a81] 0135 | -0.81] 0112
Slope
Uphill 0.155| 0.002%* 0.075| 0.399 0.016| 0.910 -0.270 | 0.065
Downhill -0.004 | 0.939 0.224 | 0.005** 0.065| 0.612 0.350| 0.002%*
Driver gender
Male 0.077| 0.128 -0.101| 0.236 0.146 | 0.296 -0.117 | 0.343
Involvement of heavy vehicles
Truck involvement 0.474| 0.000%* 0917| 0.000%* 0.857| 0.000%* 0.857| 0.000%*
Bus involvement 0.862 | 0.001** 1.772'| 0.000%* 1.600 | 0.001** 1.411| 0.010**
LL(c) 22415
LL(B) -19,156
? 0.1454

Note: *p<0.05, **p<0.025
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<Table 3> Estimated marginal effects

The number of involved vehicles

Variables
2 3 | 4 | =5

Time of day

Day 0,019 0012 ‘ -0.003 ‘ 20,008
Facility types

Freeway Mainline 0.201 0.087 0.048 0.062

TG -0.067 -0.014 -0.004 -0.002

Ramp -0.022 -0.007 0.000 0.000

Tunnel 0.219 0.194 0.137 0.186

Bridge 0.164 0.072 0.018 0.052
Major causes of the accident

Speeding -0.032 -0.005 -0.003 -0.006

Drowsiness 0.145 0.002 -0.003 -0.005

Driver’s faults 0.204 0.099 0.038 0.027

Load problems -0.007 0.030 -0.003 0.033

Obstacles on road -0.011 0.065 0.028 0.039

Road defects -0.014 0.051 0.027 0.069

Vehicle defects -0.074 -0.020 -0.009 -0.011
Weather

Clear 0.012 0.004 0.002 0.001

Rain -0.023 -0.010 -0.005 -0.002

Snow -0.035 -0.014 0.000 0.006

Fog -0.019 0.036 0.026 0.054
Road pavements

Asphalt ‘ -0.003 0.002 ‘ -0.001 ‘ 0.000
Curve

Curve ‘ 0014 -0.009 ‘ 10003 ‘ 10003
Slope

Uphill 0.024 0.004 0.000 -0.004

Downhill -0.001 0.012 0.001 0.010
Driver gender

Male 0.010 -0.005 0.003 -0.002
Involvement of heavy vehicles

Truck involvement 0.065 0.050 0.019 0.020

Bus involvement 0.131 0.170 0.064 0.045
10 PI2TSYR=EN M197, M52(2020H 108)
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<Table 4> Estimation results of occupant injury severity model

Occupant injury severity

Variables
Injury Fatality
Estimate Pr(>|t]) Estimate Pr(>|t])
Constant -3.494 0.000%* -5.102 0.000%*
Time of Day
Day -0.216 0.000%* -0.790 0.000%*
Location
Freeway Mainline 0.589 0.000%* 1.070 0.000%*
TG -1.705 0.000%* -2.176 0.000%*
Ramp -0.680 0.000%* -0.293 0.416
Tunnel 0.532 0.003%* 0.830 0.021%*
Bridge 0.860 0.006%* 1.098 0.069
Major causes of the accident
Speeding 0.528 0.000%* -0.271 0.275
Drowsiness 1.030 0.000%* 1.075 0.000%**
Driver’s faults 1.033 0.000%* 0.541 0.009%*
Load problems -1.921 0.008** -18.116 0.996
Obstacles on road -2.151 0.000%* -3.507 0.000%*
Road defects -2.986 0.000%* -18.029 0.993
Vehicle defects -0.559 0.002%* -0.978 0.000%*
Weather
Clear 0.134 0.085 0.075 0.562
Rain -0.301 0.003** -0.444 0.019%*
Snow -0.941 0.000%* -0.545 0.072
Fog 0.533 0.089 0.823 0.056
Road pavements
Asphalt 0,025 0.619 0086 | 0.327
Curve
Curve 0092 0.137 0.125 | 0248
Slope
Uphill 0.132 0.061 0.126 0.292
Downhill 0.139 0.038% 0.046 0.695
Driver gender
Male 0.038 0.608 0.682 0.000%*
Involvement of heavy vehicles
Truck involvement 0.621 0.000%* 0.838 0.000%*
Bus involvement 1.075 0.000%* 1.288 0.008**
LL(c) 9,726
LL(B) 8,437
s 0.1325

Note: *p<0.05, **p<0.025
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