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ABSTRACT

PURPOSES : The purpose of this study is to develop models of accidents occurring at circular intersections related to the time of day and
night and driver gender, and to provide countermeasures for safer circular intersections.

METHODS : Seventy intersections built before 2008 were surveyed for inclusion in the modeling. Traffic accident data from 2008 to 2014
were collected from the TAAS data set of the Road Traffic Authority. Sixteen variables explaining the accidents including geometry and traffic
volume were selected from the literature and seven multiple linear regression models were developed using SPSS 20.0.

RESULTS : First, the null hypotheses, that the number of traffic accidents are not related to driver gender or time of day, were rejected at a 5%
level of significance. Second, seven statistically significant accident models with R?value of 0.643-0.890 were developed. Third, in daytime
models by gender, when the right-turn-only lane was selected as the common variable, the number of lanes, presence of driveways and speed
humps, diagrammatic exit destination sign, and total entering traffic volume were evaluated as specific variables. Finally, in nighttime models by
gender, when the diagrammatic exit destination sign was selected as the common variable, total entering traffic volume, presence of right-turn-
only lanes, number of circulatory road way lanes, and presence of splitter islands and driveways were identified as specific variables.

CONCLUSIONS : This study developed seven accident models and analyzed the common and specific variables by time of day and gender.
The results suggest approaches to providing countermeasures for safer circular intersections.
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Table 1. Sunrise and Sunset Time

Jan. Feb. Mar. Apr. May Jun.
07:40 | 07119 | 06:40 | 05:56 | 05:22 | 05:12
Jul. Aug. Sep. Oct. Nov. Dec.
05:24 | 05:48 | 06:13 | 06:38 | 07:08 | 07:35

Sunrise

Jan. Feb. Mar. Apr. May Jun.
17:38 | 18:09 | 18:38 | 19:05 | 19:31 | 19:50
Jul. Aug. Sep. Oct. Nov. Dec.
19:47 | 19119 | 18:37 | 17:53 | 17:22 | 1717

Sunset
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Table 2. Correlation Analysis

Coesil X x| x| % %X K| x| X | X | X, | X | X, | X | K
Y 1 - - - - - - - - - - - - - - -
X | 127 -l -l - - === -1 -=-1-1-1]-
X, | 132 I e B e T e e e e N N e e e
X, |-.069 o7 1 | - | - - - -|=-]1=-1-1-|1-|-1-1-
X, |.079 |-.095| .279 | .088 1 - - - -

X, [-072 343 | 132 [-010| 1 - - - - - - - - - - -
X; |-.093 21| .031 | 645 | 113 | 1 - - - - - - - - - -
X, | -134 322 | 443 | .062 | .201 | .095 1 - - - - - - - - -
X5 | 270 097 | 132 | 100 | .105 |-132| .243 1 - - - - - - - -
Xy | 323 298 | .201 | .077 | .089 | .442 | 112 | 107 | 1 - - - - - - -
Xy, | .226 |-.030| .332 | .102 | .068 |-.069| .231 | .107 |-.035| .089 1 - - - - - -
X, | .047 |-.069| .132 | .032 |-.030| .035 | .414 | 208 | =111 | .178 | .139 1 - - - - -
X, |-.019 .030 | .182 | .252 | .036 | .476 | .099 | .002 | .302 | .099 | .099 1 - - - -
X5 | 150 272 | .077 |-.061|-.200| .082 | .102 | .002 | .049 | .286 | .148 | .002 1 - - -
X, |-.478 .098 | 523 | .034 | 422 | .047 | .099 | 223 | 182 | .097 | 183 | .201 | .178 1 - -
X5 | 565 .042 | .091 | .090 |-.068| .099 | .077 | .163 | .097 | .287 | .005 | =177 | .133 | .199 1 -
Xig |-136|—-174| .056 | .044 | .068 |-.093| 283 | .011 |—-174| .099 | 145 | 148 | 270 |-.082| 154 |-.068| 1
Table 3. Definition of Variables
Classification Variables (unit) Mean Std. deviation VIF

Dependent variable| Y] Number of accidents (No.) 26.67 39.52 -

X Splitter island (If yes=1, otherwise=0) 0.61 0.49 1.453

X, Total entering traffic volume (vpd) 1,472.50 1,454.88 1.204

X, Width of right-turn—only lane (m) 213 2.29 5.586

X, Street light (If yes=1, otherwise=0) 0.69 0.12 1.166

X5 Turning radius of entry lane (cm) 138.48 591.31 1.178

X5 Right-turn—only lane (If yes=1, otherwise=0) 0.47 0.50 5.540

X; Speed hump (If yes=1, otherwise=0) 0.42 0.49 1.572

Independent | Number of entry lane (No.) 1.65 0.75 1.356
variable Xy Bus stop (If yes=1, otherwise=0) 0.41 0.43 1.423
X Bicycle lane (If yes=1, otherwise=0) 0.24 0.43 1.417

X Pedestrian crossing (If yes=1, otherwise=0) 0.94 0.23 1.433

Xy Driveway (If yes=1, otherwise=0) 0.81 0.39 1.594

X3 |Diagrammatic exit destination sign (If yes=1, otherwise=0) 0.77 0.45 1.129

X, Sidewalk (If yes=1, otherwise=0) 0.27 0.23 1.339

Xis Number of circulatory roadway lanes (No.) 1.77 1.03 1.821

Xig On-street parking (If yes=1, otherwise=0) 0.24 0.43 1.478

4, A2 Y " =2

Table 4. Result of Variance Analysis by Day Nighttime

4.1. 7184= Classification |Sum of square| df |Mean square| F |p-value
- - Within grou 53394.742 |1 417 141 - -
w9ke] BAol 3t HAASL AAlskT, ki
Total 53960.769 (129 - - -
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Table 5. Result of Variance Analysis by Gender

Classification |Sum of square| df [Mean square| F |p-value

Between group | 8408.666 | 1 | 8408.666 [12.981] .000

Within group | 79673.286 |123| 647.750 - -
Total 88081.952 |124 - - -

AEIEe AT Z.of7t A7HE AEATS} T
do] gie¥ o, tig7Hd2 Y dat - ozt AR
WFARILLE Bedo] Ut ot F-AAe A3t

YA S AAIRE A, B folghEe] 0.05

2 AR7He] 7)zkein, A4 2aHe cheat g

o g rfr i

Table 6. Summary Statistics of Dependent Variables

Classifi Standard|Classifi Standard|Classifi Standard
cation HizEn deviation| cation il deviation| cation e deviation
Y |16.439|20.685| Yin [13.431(17.249| Y1z |11.393|17.373

Yo |12.260(19.825( Yuo [4.240|4.106 | Y12 | 3.171 | 3.738

*Yy - daytime
*¥;,  Nighttime

*Yie1 - nighttime/male
*Yige : nighttime/female

*¥;, - daytime/male
*Yy1, :daytime/female
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Table 7. Total Accident Model of Circular Intersection

Non-std. coeff. | t- p—
Variable
B Std. err | value | value
(constant) - |-61.602| 18.551|-3.321| .001
Total entering traffic X, 012 003] 4285|000
volume

Number of entry lane | X5 | 3.254| 1.573| 2.069| .043

Bicycle lane Xy | 19.084| 9.324| 2.047| .045

Pedestrian crossing |X;; | 28.589| 15.708| 1.820| .047

Number of circulatory X.| 9356

roadway lanes 4.332| 2.160| .035

Accident model Adjusted 7>
¥, ==61.602+0.012.%, +3.254.X; +19.084X},
+28.589 Y, +9.356.x,, 0.705

4.2.2, 7t Aln2Y
Fbo] A AP uatE wEARLE AEol whet
ket A o) B4 ATk ot 2ot
Table 8. Daytime Accident Model
i Non-std. coeff. | - p-
Variable
B |Std. err| value | value
(constant) - |-30.304| 8.139|-3.723| .000
Total entering traffic X, 007 002 42671 000
volume

Number of entry lane | Xs | 8.417| 3.880| 2.169| .034

Driveway X, | 11.710] 5.483| 2.136| .037

Number of circulatory X,

roadway lanes 7.340| 2.198| 3.340| .001

Accident model Adjusted r?
¥;,=-30.304+0.007.X, +8.417 X, +11.710 X,
+7.340 ¥, 0.690
AR, F2bol AR AA Abaiy JiE Ay, 1y
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Table 9. Daytime Accident Model I (Male)
) Non—std. coeff. | - p—
Variable
B |Std. err| Vvalue | value
(constant) - |-31.063| 9.029]-2.634| .011
Width of right-turn— _ _
only Iane X 9.194| 1.692-5.433| .000
Right-turn—only lane | X; | 12.339| 5.234| 2.102| .048
Driveway X,| 5.986 1.894| 3.160| .002
Diagrammatic exit |y | _ _
destination sign 13| —8.268| 2.411|-3.572| .001
Number of circulatory | x-
roadway lanes 15| 18161 5.631] 3.102| .003

Accident model Adjusted 72

Y11 =—31.063-9.194.x, +12.339 X, + 5,986 X,

0.656
-8.266.x,, +18.161 Y,

Az o) gL AlT9}
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Table 11. Nighttime Accident Model

A mgo) WA g2 Gh 0.89008 EAH R A
el e walo] ket AgwET S5 AE

Table 10. Daytime Accident Model II (Female)

Variable

Non-std. coeff.

B

Std. err

t_
value

p—
value

(constant)

-11.978

4197

—2.854

.006

Total entering traffic
volume

.008

.001

6.917

.000

Width of right-turn—
only lane

-.077

.038

-2.048

.045

Diagrammatic exit
destination sign

—2.402

.662

—-3.627

.001

Number of circulatory
roadway lanes

6.859

2.302

2.980

.004

Accident model

Adjusted 2

Non-—std. coeff. t— p—
Variable
B Std. Err value | value
(constant) - | -1258] 2.979-2.923] .006
Total entering traffic X, 007 001l 12107 000
volume

Width of right—turn— X

only lane 5| —4.438| 1.408|-3.151] .004

Right-turn—only lane | Xs| 14.203| 6.789] 2.092| .046

Speed hump X; | -36.741] 11.901| 3.087| .005

Accident model Adjusted 72
Yip =—1.258+0.007 x,~ 4.438.X, +14.203 X, 0.6890
-36.741.X; '

¥;,=-11.978+0.008 X,— 0.077.X, - 2.402 X}

+6.859 X;

0.631
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Table 12. Nighttime Accident Model I (Male)
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Table 13. Nighttime Accident Model II (Female)
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Table 14. Comparison of Independent Variables by Model

T e oo o | B e e | s
Splitter island X - - - - - o) -
Total entering traffic volume X, (0] (0] - O (@] (@] -
Width of right-turn—only lane X - - ) @) @) - )
Street light X, - - - - - - o)
Turning radius of entry lane Xy - - - - - - -
Right-turn—only lane X - - o) o) - - o)
Speed Hump X; - - - 0 - - -
Number of entry lane X o) o) - - - - -
Bicycle lane X0 e} - - - - - -
Pedestrian crossing X o) - - - - - -
Driveway X, - o) o) - - - o)
Diagrammatic exit destination sign | Xis - - O - O O O
Number of circulatory roadway lanes | X5 o) o) o) - o) - o)
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