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ABSTRACT

PURPOSES : The purpose of this study is to develop the U-turn accident model at 4-legged signalized intersections in urban areas.
METHODS : In order to analyze the characteristics of the accidents which are associated with U-turn operation at 4-legged signalized
intersections in urban areas and develop an U-turn accident model by regression analysis, the tests of overdispersion and zero-inflation are
conducted about the dependent variables of number of accidents and EPDO (Equivalent Property Damage Only).

RESULTS : As their results, the Poisson model fits best for number of accident and the ZIP (Zero Inflated Poisson) fits best for EPOD, the
variables of conflict traffic, width of opposing road, traffic passing speed are adopted as independent variable for both models. The variables of
number of bus berths and rate of U-turn signal time at which the U-turn is permitted are adopted as independent variable only for EPDO.

CONCLUSIONS : These study results suggest that U-turn would be permitted at the intersection where the width of opposing road is wider
than 11.9 meters, the passing vehicle speed is not high and U-turn operation is not hindered by the buses stopping at bus stops.
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Table 1. Definition of Independent and Dependent Variables

Variable(independent) Symbol Description(Unit)
ADT(Average daily traffic) X ADT = Peak hour volume X average correction factor(veh/day)
Conflict volume X, (Opposing straight veh. +approach right-turning veh.) X U-turn veh.(veh/day)
Opposing road width X, Opposing road width after U-turn moving(m)
Opposing lane number X, Opposing lane number after U-turn moving(ea)
Crossing distance X; Distance from U-turn beginning point to stop line of approach lane(m)
U—turn line length X Permissive length for U-turn on a left-turn waiting lane(m)
Signal phasing number X; Phasing number operated at 4-legged signalized intersection(ea)
U-turn signal time ratio X Sum of recognizable U-turn flow ratio(%)

Turning vehicles ratio Xy Composition ratio of left and right turn vehicles in ADT(%)
Heavy vehicles ratio X Composition ratio of heavy vehicles in ADT(%)

U-turn vehicles ratio X U-turn vehicles + (U-turn vehicles + left turn vehicles) X1 00(%)
Longitudinal grade Xy Longitudinal grade approach to U-turn permitted sections(%)
Crosswalk number X5 Number of crosswalk at intersection areas(ea)

Access road length X, Distance from U-turn beginning point to access road(m)

Traffic passing speed X5 85% traffic speed of straight passing vehicle(kph)

Number of berths X Number of berths on bus stop at opposing lane effect areas(ea)

Variable(dependent) Symbol Description(Unit)

Traffic accident number Y Number of U-turn traffic accident(ea)
EPDO Y, 12 X death accident + 3 X injury accident + property damage
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Table 3. Descriptive Statistics for Variables

Independent variables(unit) | Minimum | Maximum Mean S-E S-D Variance | Skewness | Kurtosis
ADT(veh/day) 21,203 105,348 64,353 2,521 17,647 3.1E+08 0.13 -0.03
Conflict volume(veh/day) 5,901 364,212 69,121 9,948 69,634 | 4.9E+09 2.31 6.14
Opposing road width(m) 9.70 13.70 11.61 0.17 1.20 1.44 -0.23 -1.53
Opposing lane number(ea) 3.00 5.00 3.39 0.08 0.53 0.28 0.90 -0.32
Crossing distance(m) 27.00 83.90 49,31 1.68 11.75 137.96 0.34 0.40
U-turn line length(ea) 10.00 59.00 27.22 1.38 9.65 93.17 0.88 1.35
Signal phasing number(ea) 4.00 6.00 473 0.08 0.57 0.32 0.03 -0.39
U-turn signal time ratio(%) 0.13 0.64 0.36 0.01 0.08 0.01 0.53 3.42
Turning vehicles rate(%) 7.00 60.40 23.84 1.38 9.65 93.19 1.31 3.37
Heavy vehicles ratio(%) 2.60 20.00 7.37 0.53 3.74 13.98 1.07 1.15
U-turn vehicles ratio(%) 0.03 0.82 0.30 0.03 0.20 0.04 0.83 0.07
Longitudinal grade(%) -3.60 410 -0.04 0.19 1.36 1.85 0.60 2.25
Crosswalk number(ea) 0 4 3.22 0.13 0.92 0.84 -1.31 1.99
Access road length(m) 12 567 178.33 18.66 130.63 17064.16 1.10 0.94
Traffic passing speed(kph) 427 71 58.33 1.03 7.20 51.79 -0.30 -0.52
Number of berths(ea) 0 3 0.69 0.12 0.82 0.68 1.10 0.78

Dependent variables(unit) Minimum | Maximum Mean S-E S-D Variance | Skewness | Kurtosis
Traffic accident number(ea) 0 7.0 1.306 0.219 1.530 2.342 1.929 4.343
EPDO 0 19.0 3.327 0.540 3.783 14.308 1.888 5.143

Notes: S - E = Standard error, S - D = Standard deviation,
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Table 4. Comparison of Variables at Intersections
with and without Accidents

Accident No Accident
Section

Mean SRIE Mean S-E
ADT(veh/day) 64,935 | 18,509 | 63,1563 | 16,229
Conflict volume(veh/day)| 90,943 | 75506 | 24,112 | 12,069
Opposing road width(m) | 11.46 1.20 11.91 1.18
Opposing lane number(ea)| 3.42 0.56 3.31 0.48
Crossing distance(m) | 50.33 | 12.12 47.21 11.02

U-turn line length(ea) | 27.34 9.96 26.96 9.29

Signal phasing number(ea) 4.79 0.55 4.63 0.62

U-turn signal time ratio(%)| 0.36 0.09 0.37 0.06

Turning vehicles rate(%) | 22.00 7.38 2763 | 12.62

Heavy vehicles ratio(%)| 7.10 3.31 7.93 457

U-turn vehicles ratio(%)| 0.33 0.20 0.23 0.17

Longitudinal grade(%) | —0.31 117 0.52 1.57

Crosswalk number(ea) | 3.12 0.99 3.44 0.73

Access road length(m) | 156,13 | 125.89 | 22413 | 132.18

Traffic passing speed(kph)| 57.89 8.10 59.25 494
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Table 5. Accident Number by Vehicle Moving Direction

Assult\Damaged | Straight | U-turn |Right turn| Left turn

Straight 0 18 0
U—-turn 4 2
Right turn 0 0
Left turn 0 0 0
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Table 6. Results of Correlation Analysis

N n | X | X5 | X | XX | XX XN XX, Xy | Xy Xy | Xy | X | X

Y 1

Y, (093 1

X, [0.04]0.00]| 1

X, [0.60**0.51™* 0.28 | 1

X, |-.02|-10]0.32*| 024 | 1

X, |0.18 | 0.09 |0.50*|0.53**0.66**| 1

X, [0.07|0.03]|0.16 | 0.11{0.09|0.16 | 1

X; [0.23]0.19 |0.28%| 0.21 | —.09 |0.29*| 0.16 | 1

X, | 012019013 | -10 | -.01 | =07 |-.32*| =03 | 1

X, | 011]0.07|0.16| .09 | 0.28 | 0.21 |0.36*| 0.16 | .05 | 1

X, |-07|-06|002|-17 | 0.14 | .05 | 0.28 | 0.34* | -.05 |0.34*| 1

Xy | =09 |-10|-07|-33*|-02 | -14 | 0.12 | =27 | 0.07 | =21 | =07 | 1

X,, |0.36%|0.31*| —19 [0.58** 0.25 [0.34*| .08 | 0.12 | -22 | =17 | =21 | —16 | 1

X, | =14 | -15|-09| -12 | 0.20 | 0.09 | 0.15 | 0.16 |-.39** 0.09 | 0.31* | =03 | -.05

X, |0.05]0.03|0.05|-15|0.14 | 01| 0.11 | 0.14 | 0.19 | 0.23 | 0.23 | 0.05 | —12 | .04 | 1

X, |-.31*|-27%| 0.24 |-.45**| 0.14 | -.07 | 0.07 | 0.06 | 0.24 | —.06 | 0.18 | 0.18 |-.51**| 0.19 | 0.08 | 1

X, |-05|001|021|-14|0.21 | 0.15 |-.30*| 0.04 | 0.1 | —20 | =18 | 0.05 | —.06 | —.16 |-34*[0.33*| 1

X, [0.59**0.54** 0.06 |0.35%| 0.24 | 0.23 | 0.24 | 0.05 | —.04 | 0.06 | .03 | .08 | 0.27 | -.08 | 0.15 | =23 | -.02 | 1
7 Pearson AL, v~y £ B4HL X~ X E SEHES 001 2E(YZ)0IA K2, % 0.055FL20IM F9,
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Table 7. Count Data Regression Models for
Accident Number

Traffic accident number(Y;)
Variable/Model
Poisson ZIP
Coeff -5.0305 -3.1254
Const. t-ratio —2.689 -2.390
p—value | 0.0072 0.0168
) Coeff 0.9168 0.4241
Coflict volume
(X,) t-ratio 4.219 3.374
p—value | 0.0000 0.0007
Opposing road width CoeTf ~0.4544 _
(X3) t-ratio -3.151 -
p—value | 0.0016 -
Number of berths Coeff 0.4108 0.3150
) t-ratio 3.072 3.446
p—value 0.0021 0.0006
Observation 49 49
o L.L. function —55.262 —55.781
Statistics -
Restricted L.L. 79.576
I 0.31 0.30
Coeff ]0.0001 Coeff | —10.0232
Alpha(a) | t-ratio [0.055| Tau t-ratio -1.103
p—value |0.9558 p—value | 0.2700

Y & ZIPRELS 0 3] &g i) et g5
stE 7 AHA L thko] 1103, F9Jg-Eo] 0.270
o 3L oA AFNMEE 74T & gloug
Poisson &< A& 5}HA| %EP.

H3o] BAANE AHEA, Ay, HA
AFAER(x)7F BEeE wgAA4(Y,)7F 571
akal, 2 EH(x,)o] HolAps WALyt g4xst
A5 Y 5 stk SolF Ao AEEA &

Model for accident
number

¥, =exp(=5.0305+0.9168 x,

-0.4544 X;+0,4108 X1
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Table 8. Count Data Regression Models for EPDO

EPDO(Y;)
Variable/Model

Poisson| ZIP NB ZINB

Coeff |-6.1504|-5.1757 |-9.2583| —7.6229

Const. t-ratio | —=4.101 | =3.502 | -3.762 | —3.184

p—value | 0.0000 | 0.0005 | 0.0002 | 0.0015

) Coeff |0.9829 | 0.8220 | 1.2515 | 1.0268
Coflict volume

t-ratio | 6.481 | 7.834 | 5874 | 6.479

(X)
’ p—value | 0.0000 | 0.0000 | 0.0000 | 0.0000

Opposing Coeff |-0.6101|-0.5076|-0.5089|-0.4083

road width | t-ratio | -6.180 | —7.751 | -3.865 | —4.308

(X;) p—value | 0.0000 | 0.0000 | 0.0001 | 0.0000

. Coeff | 1.9613 | 1.6996 - -
U-turn signal

t-ratio | 2.262 | 1.885 - -
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Table 9. Accumulated Percentiles on U—turn Accident

time ratio X, ) Accident A ative] Poisson®
Traffic passing| Coeff | 0.0413 | 0.0378 | 0.0426 | 0.0387 umboe percentiie utio
speed t-ratio | 3.659 | 2961 | 2322 | 1978 0 case 16 32.7% 32.7% 21.3%
(X5) p—value | 0.0003 | 0.0031 | 0.0202 | 0.0479 1 case 18 36.8% 69.4% 62.7%
Number of | Coeff |0.4280 | 0.4238 - - 2 case 9 18.4% 87.8% 85.7%
berths t-ratio | 5.249 | 5.804 - - 3 case 1 2.0% 89.8% 95.7%
(X56) p-value | 0.0000 | 0.0000 | - - 4 case 3 6.1% 95.9% 98.9%
LL function |-94.266|-89.462|-97.937 | -95.061 5 case 0 0% 95.9% 99.8%
Restricted L.L. -153.023 -109.369 6 case 1 2.0% 98.0% 100.0%
Stati—
stics | ~pha(a) - 138 | 169 7 case 1 20% | 100.0% | 100.0%
I 038 | 041 | 010 | 013 ¥ B2 1)=1.30%] Poisson SEO| SHEE
Vuong 3.4165 2.9224
Model for ¥, =exp(-5.1757+0,8220X;,-0.5076.X, FTEHEHAFQ WA FHtS 1.300]H 24k
EPDO +1.6996.X,+0.0378.X,;+0.4238X,,) 2.34%0 AL 71&€3A EAATNA & = AT
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Table 10. Goodness of Fit Tests for Developed Models

Section Traffic accident(¥;) | EPDO(Y;)
Likelihood ratio(p*) 0.31 0.41
RMSE 0.965 2182
MPB 0.653 1.601
MAD 0.724 1.616

Table 11, Pearson's Coefficient of Correlation

4.7. WLEFO| X HE for Developed Models
2 A F7HE MRl HUAY] EAR ASwat Section Mean | S-D |Pearson's R
2oA U-turno| &&=+ 44 A3na2o 22 Traffic accident | Observed | 1.306 | 1.530 0778
AR 7} 2L Asheg AFRE o] M4 ANE % number(Y;) | Predicted | 1.306 | 1.353 '
2o 753 5 gtk gebd o] AgE Fi cpoo(y,) | OPsemved | 3327 | a7 |
o B0k o 2215 A vlwstgc, Predicted | 3327 | 3.067
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