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ABSTRACT

PURPOSES : Because expressway ramps are very complex segments where diverse roadway design elements dynamically change within
relatively short length, drivers on ramps are required to drive their cars carefully for safety. Especially, ramps on expressways are designed to
guarantee driving at high speed so that the risk and severity of traffic accidents on expressway ramps may be higher and more deadly than other
facilities on expressways. Safe deceleration maneuvers are required on off-ramps, whereas safe acceleration maneuvers are necessary on on-
ramps. This difference in required maneuvers may contribute to dissimilar patterns and severity of traffic accidents by ramp types. Therefore,
this study was aimed at developing prediction models of the severity of traffic accidents on expressway on- and off-ramps separately in order to
consider dissimilar patterns and severity of traffic accidents according to types of ramps.

METHODS : Four-year-long traffic accident data between 2007 and 2010 were utilized to distinguish contributing design elements in
conjunction with AADT and ramp length. The prediction models were built using the negative binomial regression model consisting of the
severity of traffic accident as a dependent variable and contributing design elements as in independent variables.

RESULTS : The developed regression models were evaluated using the traffic accident data of the ramps which was not used in building the
models by comparing actual and estimated severity of traffic accidents. Conclusively, the average prediction error rates of on-ramps and off-
ramps were 30.5% and 30.8% respectively.

CONCLUSIONS : The prediction models for the severity of traffic accidents on expressway on- and off-ramps will be useful in enhancing
the safety on expressway ramps as well as developing design guidelines for expressway ramps.
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Table 1. Independent Variables for Predicting Accident Severity

Types Independent Variables

Ramp Design Speeds Dewahon of Grade Length of Length of Radius’ | AADT

Names Tvoes of Ramps Design Speeds (%) Acc./Dec. Curve (m) (veh./day)

P (km/h) (km/h) ? Lanes(m) (m) ]
Maximum value - 60.0 60.0 6.7 800.0 1,026.0 414.0 19,511
Minimum value - 40.0 40.0 -59 80.0 175.0 40.0 734
Average - 475 56.1 0.3 280.0 375.7 157.9 6,503
Standard deviation - 4.8 9.0 3.8 127.2 127.3 92.7 464

Note " Among the three types of ramps, the semi—direct and loop ramps include at least two curves so that the values under the
of all radius included in the semi—direct and loop ramps.

column of Radius means the smaller one out
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Table 2. Correlation of Accident Severity and Independent Variables in On— and Off-Ramps

Ram Design Deviation of Length of Lenath of
Types P Speeds of Design Grade Acc./Dec. 9 Radius | AADT
Types Curve
Ramps Speeds Lanes
Pearson
On- correlation 0.277 0.067 0.102 -0.048 0.075 0.038 0.038 0.325
Ramps coefficient
p—values 0.037 0.622 0.452 0.724 0.580 0.780 0.797 0.014
Pearson
Off— correlation 0.037 0.208 -0.173 0.074 -0.150 0.085 0.032 0.386
Ramps coefficient
p—values 0.787 0.120 0.199 0.582 0.267 0.530 0.815 0.003
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R A Arg ol FEH o] g AuAl Hrhs Fol@e]ARg ol o A3rt 2oz Ay E i,
1FI ALY FHolle SALZEHAQ
Eq. (694 iwla) Agusrt yux) dguss  LIMDEPO] ARgEglon HFweo] A4 $3
3k AEEA7E ok R2=0)E ViE 9k BAEAE 10]  (backward) el o3l o] Foiflrh, YL wE
3, jur At yoix) duussSa) vy H9E 48050 BYs 75§ $AHCR fast
A7t QAeH R =D VIF,=coo|iL 3142 0o] © 2 A ¥ WSS sk AlAS UrhiaA ofd W
olt}, EaF, AMAO T A4 2 pzE o] 10& Yom Wl W 7k As) Uz WAleltt, ol
2o A4 242 oSt et weby el B ARBE ol8d EEE 23] duke o oo
A FolM 71 A gro] 0.1 oltd Wi chpy  AETES 90%014 elFelAnh E3F Eq. (N# Eq
A Ao| olthal Tksict ®)ollA HQl mpef o] 49| Foloka s A%
00] 9375 2ol 9= gAZoA]Q] AFTAIZIES| ThEt L, TAde], wEgE 5 Al "o qf R (scale)E 24
S o] U3 SR B Tabe e g, T R34 Aot
ETAEA A3 49 A9 4% dF
T FAFA7Y 0.1 olakel M7t ¢la VIF E3E 102 Y dEE
His W7t glolA] tE3Adol EAshs AuHaes
Q= A 02 wohE) Y= exp(~7.409+1.396 X x1 +1.484 Xz,
—0.093x23—0.367<2,+0.096Xx5) (7)
4.2, nEAD HZE SR Y
Lols Bl ARG golFA Y F AuyzE = P4,
Fol AT RS 2] A FRAASE AN T AARGH12,3) T2 AASE/O
o 89 AdR9} 92 AZAR BEAT AZE| o T3 L EHBAL Ta 1 A2 01/100
ot IHEAA = ZH2E 3,107 2,06 02 FEokE3l Y T5  W-g/100
Table 3. Muticolinearity of Accident Severity and Independent Variables in on— and off-Ramps
Types TR;:;Z SpD::(;gsnof Degfstli;r; ° Grade i\iZ?/tSe?_ Legfrtcec’f Radius | AADT
Ramps Speeds Lanes
On- | Tolerance limit | 0.592 0.465 0.661 0.814 0.838 0.714 0.665 0.878
Ramps VIF 1.689 2149 1.512 1.229 1.193 1.400 1.505 1.139
Off— | Tolerance limit | 0.325 0.346 0.604 0.856 0.928 0.650 0.553 0.772
Ramps VIF 3.080 2.889 1.655 1.169 1.078 1.539 1.808 1.295
Table 4. Prediction Models for the Severity of Traffic Accidents on Expressway On—Ramps
Types Constant Ramp Type | Ramp Design Speed Grade Length of Curve AADT
Coefficient —7.409 1.396 1.484 —-0.093 -0.367 0.096
P-value 0.006 0.000 0.004 0.068 0.075 0.018
p? 0.432
Table 5. Prediction Models for the Severity of Traffic Accidents on Expressway Off-Ramps
Types Constant | Ramp Type | Ramp Design Speed | Length of Acc./Dec. Lanes | Length of Curve AADT
Coefficient —4.280 0.882 1.160 -0.396 -0.215 0.134
P-value 0.112 0.001 0.021 0.017 0.080 0.000
p? 0.388
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Y= exp(—4.280+0.882Xx, +1.160 <z,
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Table 6. Validation of Prediction Models for On—Ramps

Actual Predicted
Interchange ) ) Error
Accident Accident
Names ) ) Rate
Severity Severity
Songak 5 2.7 45.4%
Chungju 6 47 21.2%
South Yangsan 3 1.8 40.0%
Sintanjin 4 3.7 7.4%
North Suwon 21 12.9 38.4%

Note: Error rate = |(actual accident severity—predicted accident
severity)/actual accident severity| X10

Table 7. Validation of Prediction Models for Off-Ramps

Interchande Actual Predicted
9 Accident Accident Error Rate
Names ) .

Severity Severity
Cheongwon 14 6.5 53.8%
Panam 5 5.6 11.3%
North Daejeon 10 6.8 31.5%
Cheongiju 4 4.2 6.5%
Songak 23 1.4 50.6%

Note: Error rate = [(actual accident severity—predicted accident
severity)/actual accident severity| X100
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