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ABSTRACT

PURPOSES : A complete signal system is not always the best solution for improving traffic operation efficiency at intersections. An
alternative solution is to use a Protected Permitted Left Turn (PPLT) operation method. However, the PPLT method needs to be developed
after a detailed study of driving tendencies, most notably the gap acceptance behavior, for successful implementation. In this study, the gap
acceptance behavior was investigated under various variables and weather conditions, especially under rain, and the results were compared to
the case of normal weather. The results of this study will be helpful in introducing the PPLT method, and are important considering the
tendency of attempting unprotected left turns that is extremely common in Korean drivers.

METHODS : Data was obtained by analyzing traffic footage at four intersections on a day when the precipitation was greater than 5 mm/h.
The collected data was classified into seven variables for statistical analysis. Finally, we used logistic regression analysis to develop a
probability distribution model.

RESULTS : Gap, traffic volume, and the number of conflicting lanes were factors affecting the gap acceptance behavior of unprotected left
turns under rainy conditions.

CONCLUSIONS : The probability of attempting unprotected left turns is higher for larger gaps. On the other hand, the probability of
attempting unprotected left turns decreases with an increase in the traffic volume. Finally, an increase in the number of conflict lanes leads to a
decrease in the probability of attempting unprotected left turns.
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Fig. 1 A Study Flow Chart
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Table 1. Traffic and Signal Operation Conditions of Study Sites

Volume (vph)

Time/Traffic flow Daewha Library | Jangsung Elementary | Samsungdang Pungseong Building
intersection School intersection intersection intersection
LT 200 72 72 100
Traffic volume
TH 744 152 668 436
Total # of lane 7 4 7 4
Signal cycle length 2m 40s 2m 40s 2m 10s 1m 40s
# of lag 4 4 3 4

Amount of precipitation

more than 5mm per hour

PPLT

Major — Minor ‘

Minor — Major

Minor — Minor

‘ Major — Minor ‘

{Daewha Library
intersection)

intersection)

intersection)

{Jangsung Elementary School {Jangsung Elementary School

<Pungseong Bundmg

intersection)

3.2. DB?= 4 Q= 750t v7L @A) b= ABoA 7HA et ol Het
AYRAE B3 FUT GRS Bt wjns WA ACIE S 5 AU,
ZL.3 ﬁ N j‘:}-L% ]ﬂ/\é A alsled . oJ A} _E_/\-LQ_
# O%Hg} o= geletlet. 94 -= Table 2. Summary of Observed Gaps
ol AEst Wes F IR Mg E ) At
4, WAL AE e, HeAE, HEAE AF Classfication ren | Tonen
Az oleh, 2tzte] Wig 5L thg ) 2t} L L T
L Aol H . o - | pamEs A t Accept | 354 | 23.8 | 201 | 25.8
4 : y Al AF=71 (o) cceptance
> o AR A H
AR A S AT o R 2 Vehicle type | Small | 1,335 | 89.8 | 695 | 891
o Az EEH) v R EJ S| A 2jgko] H3A R A (Conflicting flow) | Large | 152| 10.2| 85| 10.9
_ (Left turning flow)
CAIAR) R AR E ] Yat AE ° Large | 49| 229 %9 89
2lane | 553 | 372| 162 | 2038
E50 274 # of lane
sl Akt 3lane | 934| 628 | 618 | 79.2
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Table 3. Statistical Descriptive Summary for Main
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Variables
Rain Non-rain
Variable

Min. |Max.|Ave.| S.D | Min. [Max.|Ave. | S.D
Gap 0.0|15.0| 41| 38| 0.0|159| 38| 34
Waiting time | 0.0 {83.7]19.8|16.7| 0.0 [90.0 | 12.3 | 13.0
Volume 0| 36| 84| 88 0| 33| 56| 57
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Fig. 2 A Example of the ROC Curve
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Table 4. Correlation Analysis

Variable 1 2 3 4 5 6 7

1. Acceptance

823 1
2. Gap
.000
o .045 066 1
3. Waiting time
207 .065
-.358% - 345" 637** 1
4. Volume
.000 .000 .000

5. Vehicle type -039 -.079* .053 .106™ 1
(Conflicting flow) |~ 276 027 137 003

6. Vehicle type | —046 -035 055 .032 021 1
(Left tuning flow)| 198 332 123 .365 .550

=327 -204** 369** 381** 048 .128** 1
.000 .000 .000 .000 .79 .000 -

7. # of lane
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Table 5. Critical Gaps Using Various Methods

Wu Raff
Categories
Rain |Non—rain| Rain |Non-rain

Total 51 470 4.90 4.45

) DL ) 5.81 5.16 5.30 5.00
intersection

) JSE. 4.60 467 465 445
intersection

Location S

amsungdang | g, | 508 | 520 | 455
intersection

) PB ) 5.39 455 5.00 4.20
intersection

# of 2 lanes 513 4.61 4.80 4.30

lanes 3 lanes 572 | 512 | 525 | 470

53. =& 7ML

Table 6. Data Classification Result for Model Development
and Model Verification

Categories i of Def o of.l')ata. e # of Total
development | verification
Accept 179 22 201
Reject 494 85 579
Total 673 107 780

ix]i@‘n 3| HEA 2L Limdep TR version
& ol&sto] sk, By Y A3z Table 7
OM Hi= vel Aot
P _—155340.986(X;) —0.272(X,) — 1.510(X;) 2)
1-P

X, : Gap
X, : Volume
X, : Numberoflane

Table 7. Model Development Results in Rain Conditions

Variable B S.E, p Exp(B)
X 0.986 0.092 .000 2.680
X, -0.272 0.082 .001 0.762
X, -1.510 0.397 .000 0.221

Constant -1.553 0.964 107 0.212

—2log likelihood : 209.107
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01725*%4_(2016 O] A-toll A 7iirE g Ao},
P —5.381+1.330(X,) — 2.348(X,)
- = 1 14 3
—p-¢ 3)
X, : Gap

X, : Left Turning Vehicle Type

Table 8. Model Development Results in Non—Rain

Conditions
Variable B S.E, Wals P |[Exp(B)
X 1.330 118 | 126.834 | .000 | 3.780
X, —2.348 | 949 6.122 .013 .096
Constant -5.381 | .968 | 30.918 | .000 .005

—2log likelihood : 208.97
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Table 9. Analysis of ROC Curve

o 95% Confidence interval
C-Statistic | S.D P

Maximum
.958 .020 | .000 918 998

Minimum
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