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Abstract

Crashes that occur at tollgates have different characteristics compared to those of the mainline on expressways in terms
of crash cause, crash type, and vehicle type. Due to this fact, the safety performance function (SPF) focused on the
expressway tollgates, apart from the mainline, should be developed. The aim of this study is, therefore, to identify the
influential factors and develope a SPF for crashes at tollgates. Firstly, we established independent variables affecting
crashes at tollgates through literature review and descriptive statistical analysis. Based on these variables, two negative
binomial regression models with different form of independent variables were developed and goodness-of-fits of each
model were compared. According to the results, the number of crashes increases i ) as AADT, Hi-pass rate, and heavy
vehicle rate increase, ii) as average lane width decreases, iii) on the mainline tollgate type. The safety performance

function developed in this study could be applied to select hot-spots for expressway tollgates.
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Table 5. Number of crashes for each vehicle type

Tollgate Mainline Tollgate Mainline
Crash Type  Number of o) Number of 9 Vehicle Type  Number of Number of
Crashes  Relk) “crpec Rate(h) Crashes  Rate(®) oo Rate(%)
Total 2,000 100.0 18,210 100.0 Total 2,000 100.0 18,210 100.0
Vehicle-Facility 1,552 77.6 8,642 475 C L C 6% 18 1750 645
Vehicle Only P} M1 3470 190 Sl s : ' '
Vehicle-Vehicle 146 73 3662 201 Van %3 11 142 73
Others 80 4.0 2,436 134 Truck, Trailer, and 1,018 50.9 4,856 26.7
Special Vehicle
o Others 6 03 36 0.2
Table 4. Crash cause on tollgate and mainline
T Blank 18 0.9 126 0.7
Tollgate Mainline
Crash Cause  Number of Number of
Crashes Rate(%) Crashes Rate(%) Table 6. Characteristics of each tollgate type
Total 2,000 100.0 18,210 100.0 - Mainline-Type IC-Type
Negligence 60 315 2019 114 Characteristic Tollgate  Tollgate
Speeding 135 6.8 3,529 19.4 Number of Booths per Tollgate 20.7 7.1
Obstacles 31 15 2,962 16.3 AADT per Tollgate 85,934 14,470
Drowsy Driving 89 45 2,932 16.1 Crashes per Tollgate 16.6 24
Overhandling 204 10.2 2,661 14.6 Crashes per AADT per Tollgate 235 2163
Others 911 455 4,047 22.2 (Crashes/Million Veh.) ’ ’
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Table 7. Results of correlation analysis

wor WO s AT e leie T ne
AADT 1.0000 - - - - -
Number of Booth 0.9241** 1.0000 = = = =
Hi-Pass Rate(%) -0.2059** -0.3506** 1.0000 - - -
Avg. Lane Width(m) -0.2711%* -0.3077** 0.2105** 1.0000 - -
Heavy Vehicle Rate(%) -0.1180%* -0.0649 -0.0596 0.0646 1.0000 -
Tollgate Type(Dummy) 0.6266** 0.6741%* -0.0526 -0.0990* -0.0420 1.0000
* 1 p <01
** 1 p < 0.05
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Table 8. Independent variables for model
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Table 9. Independent variables of each model

Independent

Variable 2EEIS
AADT(veh/day) Yearly Traffic on Tollgate
365
Hi-Pass Rate(%) Nu;:f;z %g;; OP;SLZ 7{:1:68 % 100(%)
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o A ot Tra i Ve X 100(%)
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(Dummy)
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Model Independent Variables

Model 1 AADT, Hi-Pass Rate, Avg. Lane Width, Heavy Veh
Rate, Tollgate Type

Model 2 In(AADT), In(Hi-Pass Rate), Avg. Lane Width, Heavy
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Y= ()(u + Byvar,+ By var,+ Byvary+e-) ( 1)

where,
Y Expected Number of Crashes
a : Constant
B, Regression Coefficients of Parameter

var, ' Independent Variables
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Table 10. Model estimation results
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+ McFadden’s Pseudo R
. L
p=1- I (2)

where,
2 Pseudo R
L : Log-Likelihood considering Variables
L, © Log-Likelihood not considering Variables

Pseudo R*E 03} 1 Atole] #tS 7HAH | =
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(log-likelihood function)
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independent Model 1 ndevendent Model 2
nVZF:iﬂﬂgn Coeffident  ~randard pvalue nVZpr;nbleen Coefficient S p-value
Error Error

Constant 6.828258 1.136668 0.000 Constant -3.663326 1.294623 0.005
AADT 0.000017 0.000002 0.000 In(AADT) 0.706036 0.044457 0.000
Hi-Pass Rate -0.008028 0.002741 0.003 In(Hi-Pass Rate) 0.058967 0.030984 0.057
Avg. Lane Width -2.021571 0.345259 0.000 Avg. Lane Width -0.819352 0.325054 0.012
Heavy Vehicle Rate 0.026120 0.008027 0.001 Heavy Vehicle Rate 0.020817 0.007137 0.004
Tollgate Type 0.820989 0.164524 0.000 Tollgate Type 0.624829 0.133400 0.000
McFadden’s Pseudo R’ 0.1199 McFadden’s Pseudo R’ 0.1693
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