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ABSTRACT

PURPOSES: This study aimed to andyze traffic accidents at circular intersections, and discuss accident reduction strategies based on land
use and vehicle type.

METHODS: Traffic accident data from 2010 to 2014 were collected from the “traffic accident andysis system” (TAAS) data set of the
Road Traffic Authority. To develop the accident rate model, a multiple linear regresson model was used. Explanatory variables such as
geometry and traffic volume were used to develop the models.

RESULTS: The main results of the study are asfollows. Firg, it was found that the null hypotheses thet land use and vehicle type do not affect
the accident rate should be rejected. Second, 16 accident rate models, which are satisticaly significant (with high R? vaues), were developed.
Findly, the area of the centrd idand, number of speed humps, entry lane width, circulatory roadway width, bus stops, and pedestrian crossings
were andyzed to determine their effect on accidents according to the type of land use and vehicle.

CONCLUSIONS: Through the developed accident rate models, it was revealed that the accident factors at circular intersections changed
depending on land use and vehicle type. Thus, selecting the appropriate location of bus stops for trucks, widening entry lanes for cars, and
ingtalling splitter idands and optimal lighting for motorcycles were determined to be important for reducing the accident rate. Additionaly,
the eval uation showed that commercial and mixed land use had aweaker effect on accidents than residential land use.
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Fig. 1 Research Flowchart
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Table 1. Classification Criteria

Type 1: . Type 3 :
Commercial _Type 2 _— Residential
Commercial - residential area
area area

Over 60% |From 40% to 60% commercial area| Over 80%

commercial and residential
area From 40% to 60% residential area area
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Table 4. Variable Descriptions and Summary Statistics
Variable Indication Mean Std. dev. VIF
Accident rate(y;) Number of accident(No.) / In (entering volume) 1.078 1.813 -
Number of leg(X)) Number of approach road(No.) 4.805 1.094 2107
Entry lane(x;) Mean number of entry lane per approach (No.) 1.669 0.602 14.299
Entry land width(x;) Mean width of entry lane per approach (m) 5.864 2.231 4.391
Splitter island(x, ) If yes=1, otherwise=0 0.585 0.494 2.057
Pedestrian crossings(x; ) Mean number of pedestrian crossings per approach (No.) |  0.893 0.313 1.369
Bus stop(X;) Mean number of bus stops per approach (No.) 1.497 1.496 1.375
Speed hump(X;) Mean number of speed hump per approach (No.) 1.006 1.644 1.390
Bicycle lane(x;) If yes=1, otherwise=0 0.415 0.494 1.385
Inscribed circle diameter(x; ) Inscribed circle diameter (m) 50.009 | 35324 | 20534
Area of circulatory roadway(x, ) Area of circulatory roadway (100m?) 13.534 14.474 4.801
Area of central island(X;,) Area of central island (100m?) 15.390 49.809 8.856
Central island diameter(x, ) Central island diameter (m) 32160 | 32362 | 40772
Circulatory roadway lane(x,,) Number of circulatory roadway lane (No.) 1.881 1.058 13.576
Circulatory roadway width(x; ) Mean width of circulatory roadway lane (m) 5.441 2.469 4.472
Ratio of HOV(x,;) Ratio of high-occupancy vehicle (%) 7.225 6.154 1.353
Lighting(x, ;) Number of lighting facilities (No.) 5.755 2.965 2172
Acceptance ratio(x,,) (acceptance vehicle/entering volume)/100 1.321 2179 1.190

Note : The means of dummy variables indicate the distribution ratios.
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Table 6. Correlation Analysis

Variables| Y} X X X; XX &% | X Xy X Xio | X | Xy | Xy | Xy | X | K | X

Y 1

X, o72%| N e e

X, 034 -0051| 1 e e e e e e T A R I N A

X, |-0308%|-00aaf0ga9*| 1 | - | - | - | - | - | - | - | -] - | - | -]-|-]-

X, |-0.016|-0.002| 0127 | 0.085 1 - - - - - - - - - - - - -

X, | 0060 |-0065-0082(-0083-0014| 1 | - | - | - | - | - | - | - | - | - | -] - |-

Xs 10058 | 0048 | 0.052 | 0.049 |-0.147|0103| - - - - - - - - - - - -

X, |-0084| 0031 -0267%-0230%| 0010 |-08|-0f76"| 1 | - | - | - | - | - | - | - | -] - | -

X 0.047 | 0.014 |0.208" | 0.244™ | 0.113 | 0.147 |-0.067|-0.142| 1 - - - - - - - - -

X, | 0257 | 0221 |0.629* | 0.609"| 0.166* |-0.115| 0.020 |-0.192*| 0.241™ | 1 - - - - - -] -] -

Xy [-0.366™| 0.251™ | 0.700™* | 0.686™ | 0.073 |-0.137| 0.063 |-0.175%| 0.172* | 0.918"| 1 - - - - -

X, | 0134|0302 | 0329 | 0316 | 0.172* |-0.059|-0.087| 0,010 | 0219" | 0871 0737 | 1 | - | - | - | - | - | -

X, |0225%| 0207 | 0,549™ | 0,530" |0.245™ |-0.106|-0.034| -0.124 | 0281 | 0.975™ |0856™ |0917*| 1 -l -1-1-1-

Xy | 0322|0297 | 0642|0602 | 0.148 |-0.063|-0,038|-0.174*| 0.214* | 078" |0868™ [0.630™ 0731 | 1 | - | - | - | -

Xy | -0132 | -0.022 |-0.226™|-0.203" |-0.169"|-0,045(0.305™| -0.002|-0.203"| ~0.187* | -0.160* |-0.160¥-0.267"-0426" 1 | - | - | -

Xi5 | 0013 |-0.280%| 0,091 | 0.092 |-0.041/-0.123 0.098 | -0.116 | 0.009 | -0.001 | -0.020 |-0.062| -0.015 | -0.173*| 0140 | 1 | - | -

Xig 02027 0310 | 0.442** | 0457 |0.276™| 0018 | 0138 | -0.115 | 0,076 |0.389™ |0.423" | 0.191* | 0.325% | 0.336™ |-0.011]-0077| 1 | -

X, 1 -0.119 | 0.090 -0.283"(-0.304*|-0.090|0.059| 0.137 | 0.047 | -0.143 |-0.231"-0.225"| -0.143 |-0.225"* -0.168" | 0.058 |-0.124/-0.168* 1
Note : ** p<0.01, * p<0.05
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Table 5. Comparison of Accident Ratio by Circular
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Table 7. Result of One—way Analysis of Variance

(ANOVA)
Classification Sl @ d.f. Mean F  |p—value
square square
between group | 47.551 2 | 23775 | 2972 | 0.048

within group | 543.963 | 68 7.999 - -
Total 591514 | 70 - - -
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Table 8. Result of One—way Analysis of Variance

(ANOVA)
Classification Sl Gl d.f. Mean F |p—value
square square
between group | 90.737 3 | 45.368 [16.519| 0.000

within group | 428.451 | 156 | 2.746 - -

Total 519.188 | 158 - - -
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Table 9. Type 1 Accident Rate Models

Std
ifi Non-std. coeff. : i
Cla§3|f| Variable coeff. [t-value|p-value A, ke
cation (D.W.)
B [Std. Err.| 8
(Constant) [-0.290| 0.269 | - |-4.079|0.002
Pedestrian 0.828
Truck crossings 0.013 | 0.268 | 0.014| 4.479 | 0.001 (1.967)
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Speed |5 119 | 0920 |-0418|-5563) 0.000 0,830
Total | UM (1821
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Table 10. Type 2 Accident Rate Models

) Non-std. coeff. S}
Variable coeff. |t-value|p-value

B [Std.emr| B

Classifi
cation

Adj. R
D.W)

(Constant) | 0.876 | 0.097 | - |9.062 | 0.000
Bus stop | 0.184 | 0.058 |0.644| 2.248 | 0.012
Truck | Acceptance

0.849
-0.173| 0.037 |-0.695/-4.634 0,000 | (1.906)

ratio
Speed hump|-0.096| 0.031 |-0.462|-3.080| 0.006
(Constant) | 0.417 | 0360 | - | 3.723 | 0.001
Area ol 1109 | 0013 | 1302 | 8677 | 0,000
central island 0.871
Auto )
Entry 8ne | 167| 0145 0508 ~3.221 | 0,004 | (1889)
width
Circulatory

~.1—0132] 0.060 |-0.176|-2.207 | 0.038
roadway width

(Constant) |-0.237| 0.049 | - |-4.804| 0.001
Motor | Area of 0.765
cycle |central island 0925 | 0.013 10,808 3563 | 0.004 (1.925)
Lighting [-0.068| 0.074 |-0.515|-2.270 | 0.044
(Constant) | 0.646 | 0294 | - | 2197 | 0.038
Tota rcg;:'a%m -0.093| 0.034 |-0497 2752 | 0,011 | 0.818
°aA / f (2.239)
'8 0l | 0091 | 0,038 |0.444 | 2459 | 0022
central island
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Table 11. Type 3 Accident Rate Models

Std
ifi Non-std. coeff. : i
Cla§3|f| Variable coeff. |t-value|p-value AL [
cation (D.W.)
B [Std. Err.| B
(Constant) [-0.449| 0.091 | - |-3.205| 0.007
Bus stop | 0.076 | 0.035 | 0.420| 2.207 | 0.049
Number of 0.751
Truck og | O121| 0.047 | 0.498 2580 | 0.026 | o)
Seliter | 66| 0112 |-0454-2368| 0.037
island
(Constant) | 0.155 | 0.432 | - |5.337 |0.000
Circulatory | A 1ral
A roadway width 0.181| 0.306 | -0.118-2.429| 0.023 0823
Area of (2.216)
circulatory |—0.076| 0.029 |-0.527|-2.626| 0.015
roadway
(Constant) | 0.213 | 0.223 - | 3127 1 0.009
Motor | Circulatory | » B 0.769
cycle |roadway width 0.043) 0,042 -0.260 4814 0.001 (1.761)
Lighting |-0.053| 0.027 |-0.506|-2.142| 0.045
(Constant) | 0.311 | 0486 | - |2472|0.024
Tota rog(';vcv:'a%h -0.110| 0.034 |-0.564/-4.329| 0.001 | 0.864
S I'i/t (2.295)
>PIMeT 1 373| 0,462 |-0.140| 2.231| 0.040
island
4.2.4 XBE HFuXE ADEM
02 Z3Fo] Abalo] wA]= JFs B4 9
o EXo18e FRIA e AEd AA| Anmol
=Tt Table 129} Zro] PP wal2 o)A =} AL
o) GRS vA = Maes HAERE &, YA
WA A 22|80 Ao g BEAHL Haes F HAA
4 40k S2ul o] WA FAES 7T glon,
HAARY = EX0]§ §3E =4 AlLg 2y
oA A&H o golal et otk waba she
A ARl SlolA] AFakle] F2 W2 248513 9
= Aow HH,
NS

Ao A= SRR = iy {?:Wi = Hl&o] 1.0~

128 Afelo] =% dAS=

Aol sheaste,

x] o)

A2 )8kt AR fuko] Q3 YIS n|

Aotal 7)esta

ole}, E HHLAR YAzl 3

ol Bt AA a9 8F Srfol o] vk AH
g £(2009)9) ATAIE uigto @ QAR Eo] &
& 7T AYA 7E T o QA oAb 7 A
Fom o) AR A dFe v 4 AdSe o
= 3loh. 24 2.9m o1/ vH|E FEsl= Ao] AL
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Table 12. Total Accident Rate Models by Vehicle Type

Std
ifi Non-Std. coeff, : i
Cla§3|f| Variable coeff. |t-value|p-value AL [
cation (DW.)
B |Std. Err.| 8
(Constant) | 0469 | 0075 | - | 6233 0,000
Bus stop |0.060 | 0.031 | 0.271| 2.061 | 0.047
Area of 0.743
Truck
contat sang| ©.004 | 0001|0067 2261 |0.080 |10y
Acceptance| ) 4ol 00,36 |-0.355/~2.430| 0.019
ratio
(Constant) | 1434 | 0682 | - | 2102|0039
Entty 1Bne | 5771 0116 |-0.519-4.957| 0,000 | 0872
Auto width
A f (1.841)
r€a ol 1007|0006 | 0127 | 5.602 | 0,000
central island
(Constant) | 0286 | 0134 | - | 23180027
Spliter | 5] 0,134 |-0.282|-3.066| 0.004
Motor island 0.776
oydle | Areaol |01 0001 0.007| 2902 | 0.007 | %142
central island
Lighting |-0.034| 0,021 |-0.270|-3.533| 0.001
425 S8 AY@AIZ AL
EAol @ A §3E HulHs ool Sgwd
S st Aat= Table 133 2ok AFGAY 9 A
FAXG guigo] Aevt () e IHRER

Table 13. Integrated Accident Rate Model of Circular

Intersection
) Non-std. coeff. S, Adj. R
Variable coeff. | t-value | p-value
(D.W.)
B |Std. Emr.| B
(Constant) | 1.220 | 0.280 - | 4347 | 0.000
Truck 1563 | 0.276 |0.402| 5.666 | 0.000
Motorcycle |-1.792| 0.304 |-0.423|-5.888 | 0.000
Corgr:‘ezrc'a' 0420 | 0320 | 0.104 | 4927 | 0,000
Commercial - 0.820
) i 0.203| 0.283 | 0.104 | 2.488 | 0.014 |(1.810)
residential area
Speed hump [-0.053| 0.076 |-0.048| -3.419 | 0.001
Area of
circulatory  [-0.047| 0.009 |-0.376|—5.516 | 0.000
roadway
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Table 14. Comparison of Models

Land use type
Classification P Vehicle type  |ntegrated Common
Type 1 Type 2 Type 3 model variables
Variables Truck| Auto [Motorcycle| Total [Truck| Auto |Motorcycle | Total [Truck| Auto [Motorcycle| Total | Truck| Auto [Motorcycle| e
Number of leg(x,) | - | - - S N - - e - - N _ _ _
Entry lane width(X;)| - | © - - - - - - - - -1 -1e - - -
Splitter island(x,) | - | - o S N - - - - ol - - o _ _
Pedestrian
crossings( x; ) S - - I B ST N I - - -
BusstoplXy) |@ | -| - |@|@®|-| - |-|®[-| - |-|®|-| - | - |Truek
Speed hump(x;) | - | © - oloe| - - S - S N _ o _
Bicycle lane(Xg) | - | - - S R - . - N . - - -
Area of circulatory
roadway( X, ) | T - T T - -1 - 1© - I - S/ -
Area of central Vehicle
sendx) ||| - |- |®| ® |@|-|-| - |-|e|le| & | - |V
Circulatory roadway
wihx,) ||| - |-|-|e] - |e|-|lel e |e|-|-| - | -|-
Ratio of HOV(X ;) | - | - - - | - - S - N I - - -
ighti Motor
Lighng(x,e) | - | - | © |©|-|-| © |[-|-|-] © |-|-|-| © = | cyoe
Acceptance ratio
G T e e ]
Note : %2 X X and %5 weere exclused in the accident modellig according to the correlation and multicollinearity analysis,
# oRE Al S Eole= Aol olgAtet thE A 1t A, FAHLE [FoRt 167HA] Atalg mgo] A
ARG A7 o] B0l B Ao R pekw ek, Y By B 5L WY prgro] EEEo] 1
oled] YWY BHL HE AF 434 fof B HBH w2 A0 k.
gt W2 dehE A gk, 24 wAR o] Bt S AR, Shaat WEAL FaE Asie YRl ¥
WEH AFS oF 32molt}, o] AR HARY  ARAS dAEHE =¥o] Bl ofgE HA
oM VS AR AU F HYRAFA 1zl o ST A 2] TS W] Sg A e
o pzolh ol H8AY HaES GUT AP AAE 2PHL B LARA S 0P34 9l
o] ARt} 5&A= Fdo] 7MY WIMlstER AA A &= 54 o] AAE AUdvhe Ak Abga =&
A ALE S7o] SF= vkl Aoz 22dn ol & o g Artet, E3 5-8A aFAL Faole
TUAR Fo Sdtr FHo @7 Ak A2t
SAIAR YL fEsfof s, AR Fo] 54
5 dE& A &2 FEsHA] ohs R AAIE ooF g, o]
o] AT= A 719 YFuARE gater ne  EA AR HAE Heide 2YAE ozt EA % A
H2R9| 250m o] Exolgol TASte Amatgel A 5% T3 AL oRE NS Fola, FRR=
AT n|A L Qo15L A e BAsy gy, S FEE] AT 5 JEF dfjof it
FQ AFAvE v 2 A, e A 732 2ol Y HEo]
A7), Exolgu} g 98o] sHuARe Aug  wo¥ HMeR ESEh ol e A7 2
o] e mA A Feris ABAML A)ZbE Al A A BES farste] g F7bel G vl
qhgo] Zbg wlwgh Az el B Ange At A Althe Ae AR gt S84 3 olE A
7} 74 Ao AR o) Bl oF 2 4u) A Uepn o BEE U] RowA, shextel daet Fao]
2 Exo|g¥E A o7} guka & 4 Q= Aow  /FedtER SHEAt § & B8R AAT AL o) F
ot o) oj#ofF 3t Z o2 it
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