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SI (METRIC) UNIT CONVERSION FACTORS
The material contained in this report is presented in terms of English
units. The following factors may be used to convert the measures used in

this report to the International System of Units (SI):

1 mile per hour (mph) = 1.6093 kilometer per hour (kph)
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1 foot = 0.3048 meter
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vi



INTRODUCTION

Left turns at signalized intersections have a signiticant impact on
capacity and safety. The introduction or use of a separate left turn phase
can be used to increase safety and to satisfy large left turn demands.
Vehicular delays to all entering vehicles and capacity are also attected by
the use of Teft turn phasing or the Tack of such phasing.

At the present times, there is no uniform method of application of left
turn phasing in Arizona. Different jurisdictions use ditferent approaches
to determine which type of left turn phasing should be used. The Arizona
Department of Transportation (ADOT) and other jurisdictions need a tool that
can be uniformly applied to evaluate the need for separate left turn phasing
at intersections. ADOT has a left turn signal warrant policy that has been
in use for several years but it has not been used by other jurisdictions.
The ADOT policy has been useful but it is not a part of this project for
evaluation or analysis. ADOT operating policy #11 - Guidelines for
Considering Left=Turn Signals is in Appendix C. Suitable warrant for all
jurisdictions wou'ld enhance uniformity throughout the state and provide all
jurisdictions with a rational basis for the installation of the proper type
of left turn phasing as well as determining priorities for the expenditure
of available funds. Application of suitable warrants should lead to
improved intersection safety and capacity and reduction of delay.

There are four types of left turn phasing in general use. They are:

Permissive left turn = Vehicles are allowed to make a turn on a
circular green indication but must yield to opposing tratrfic.

(Sometimes called a "permitted" left turn).



Exclusive left turn = Vehicles are allowed to make a turn only on
a green arrow indication and have the right of way while the green
arrow is displayed. (Sometimes called a "protected" Teft turn).

Exclusive/permissive = Vehicles are aliowed to make a turn either
on a green arrow indication or on the circular green after the green
arrow has been terminated but must then yield to oncoming traffic.

Split phasing = This is a specialized form of exclusive left turn
phasing. With split phasing one approach is directed to proceed;
including Teft turning vehicles on an exclusive left turn arrow. When
this approach is stopped the opposing approach is directed to proceed,

including left turns on an exclusive arrow indication.



RESEARCH APPROACH

Study Objectives

The basic objective of this study was to determine suitable warrants
for left turn signal phasing so that decision makers can decides on a
rational basis, when and where to commit resources to install left turn
phases at signalized intersections.

The specific objectives were as follows:

(a) A thorough examination of current warrants, practices, and
guidelines used in the U.S. and other countries for possible
adaptability to Arizona‘'s needs.

(b)Y Examination of the use of permissive, exclusive, and exciusive-
permissive phasing.

(c) Determination of the most appropriate parameters or warrants for
use in left turn phasing.

(d}) Determine and document the most economical and practical
methodology for acquiring the field data necessary to evaluate the
parameters or warrants identified so that a rational evaluation
procedure is available for use by Arizona jurisdictions.

Study Tasks
To fulfill the above objectives the tasks noted below were accomplished
during the study. Additional detailed descriptions of each task appear
Tater in this report.
I. Evaluation of Other State's Criteria - Other state's criteria for
selecting Teft-turn signal phasing were evaluated.
II. Select Variables and Criteria and Determine Data Needs -~ Variables
which could be used to determine the appropriate type of left turn

signal phasing were selected. Criteria for optimizing intersection



operation were selected and the data required to establish optimum
intersection operation were determined.
IIT. Select Intersection Locations -~ Locations for data collection (time-
lapse filming) were selected.
IV. Intersection Inventory and Data Collection = An inventory of each
intersection Tocation was compiled.
V. Data Reduction - Time-lapse films were viewed to determine traffic
volumes and vehicle delay.
VI. Data Analysis = Volume, delay and other data were analyzed to evaluate
the different types of Teft turn phasing.
VII. Develop Warrants = Warrants for Teft turn signal phasing were

developed.



WARRANTS, GUIDELINES, AND CRITERIA USED BY OTHERS

Other states' warrants, guidelines, criteria, techniques, policies and
procedures for selecting lTeft-turn signal phasing were evaluated. The
primary purpose of the evaluation was to seek guidance in selecting those
characteristics to be incorporated and tested for use in Arizona's warrants.

A review of the warrants or guidelines used by other states and
jurisdictions showed two main points. First, there is great variety in the
warrants or guidelines used in various jurisdictions - there is no
universally accepted standard. Second, in many cases current warrants or
guidelines are based mostly on habit and individual engineering judgment and
preference rather than on strong, objectively based research.

An excellent summary of other states' warrants or guidelines was
prepared in a 1978 study by K.R. Agent (source 2). He surveyed 45 states to
determine their procedures for determining the need for Teft turn phasing.
Only six of the 45 states had numerical warrants for left turn phasing.
These numerical criteria included the following.

1. the product of Teft-turn volume and opposing traffic volume

2. > five left=turn accidents in 12 month period

3. cross product of left turn and conflicting through peak hour

volumes > 100,000

4, delay to left-turn vehicles of > 2 per cycle (maximum delay 73

seconds, average delay 35 seconds)

5. one left-turn vehicle delayed > one cycle in a one hour period

6. at pretimed signals, peak hour Teft=-turn volume > two vehicles per

approach per cycle

7. average speed of through traffic > 45 m.p.h. and left-turn volume

> 50 per hour on approach during the peak hour



8. Teft=turn volume > 100 vehicles per peak hour

9. > 90 vehicles/any hour making left turn
The 1978 study also documented the qualitative considerations which were
used by various states. They included: accident experience, capacity
analysis, conflicts, congestion, delay, volume counts, turning movements,
speed, geometrics, queue lengths, gaps, and sight distance.

Review of two dozen additional sources* describing warrants or
guidelines in use shows that the above numerical criteria and qualitative
considerations are still representative of those factors considered by
traffic engineering agencies. Review of these more recent publications anda
discussions with traffic engineers around the United Stated demonstrates
that there is still great variety in guidelines being used and that
decisions are often simply based on judgment. Recent discussions with
traffic engineers from Washington State, Colorado, and Los Angeles (source
13), for examples; revealed that these geographic areas have no definite
quantitative criteria for deciding when to use left turn phasing.

Some states have been quite active in developing strong definitive
guidelines. They include Kentucky (sources 1-4), Florida (source 9),
Maryland (source 26), and Kansas (sources 29-32). The most comprehensive
set of guidelines for selecting type of left turn phasing has been developed
by Florida (source 9). The Florida report presents the following guidelines
for selecting type of lTeft turn phasing once the need for left turn phasing
has been firmly established.

1. Exclusive/permissive left turn phasing (green arrow preceding

green ball) should be used at all intersection approaches where a

¥*
These sources are listed in the list of references



lTeft turn phase is required unless there is a strong reason for a

different type of left turn phasing.

Exclusive left turn phasing should be used for an intersection

approach if any of the following conditions exist:

a. Double Teft=turn only lanes;

b. Geometric restrictions:

c. Sight distance to opposing traffic <250 feet at < 35 mph or

<400 feet at > 40 mph

(this represents the sight distance required to detect an
acceptable gap for making a left turn);

d. Approach is lead portion of lead/lag intersection phasing
sequence.

Possibly call for exclusive phasing when permissive left turn

phasing would be hazardous and:

a. there 1s poor sight distance to opposing traffic due to
geometry or opposing left-turn vehicles; or

b. the speed Timit of opposing traffic > 45 m.p.h.; or

c. Tleft turn traffic must cross three or more lanes of opposing
thru traffic; or

d. use of exclusive/permissive phasing has resulted in more than
six left turn angle accidents per year; or

e. there are unusual geometrics that confuse or endanger
permissive Teft=turn vehicles.

Permissive/exclusive phasing (green arrow following the green

bal1) should be Timited and used only in the following situations:

a. An approach to a Tee intersection where opposing U turns are

prohibited;



approach to four-way intersection where the opposing approach
has prohibited Teft turns or exclusive left turn phasing;

Opposing approaches to a four-way fintersection where the left
turn volumes from the opposing approaches do not substantially

differ from each other throughout the day.

5. Split phasing is effective if:

-

the gecmetric offset of opposing approaches makes simultaneous
lTeft turns hazardous or impossible; or

left=-turn volumes of opposing approaches are heavy and nearly
equal to adjacent through movement critical lane volume; or
the left=turn volume is heavy on an approach without a lTeft~
turn lane; or

there are more than one left-turn Tanes, but one of the Tanes

permits both left turn and through movements.

To summarize, the criteria used most frequently by other states and,

therefore, the criteria felt to be most important by the traffic engineering

community are delay (along with associated congestion), volume of traffic

accommodated (capacity), and accident experience or observed vehicle

conflicts.



CRITERIA FOR OPTIMIZING INTERSECTION OPERATION

Based upon review of previous research and warrants and guidelines
being used by other jurisdictions, three basic objectives, or criteria. were
selected for optimizing intersection operation. The intent in developing
warrants or guidelines for left turn signal phasing is to prepare a method
for selecting left turn phasing type which will result in optimum
intersection operation. The basic objectives, or criteria, which were
selected for optimizing intersection operation were as follows:

1. Provide some minimum level of service or maximum delay time for left

turning vehicles.

2. Minimize delay on the intersection approach (left, through, and

right turn movements combined) consistent with objective number 1).

3. Minimize Teft turn related accidents to the extent practical and be

consistent with objectives 1 and 2.

For practical application of warrants or guidelines it is important
that choice of Teft turn phasing type be a function of easily and quickly
measured intersection characteristics or variables. Based upon the
Titerature review the most promising potential candidate variables appeared
to be:

. left turn volume;
. adjacent through volume;
. opposing volume;

number of lanes; and
number of left turn related accidents.

U WA

Other characteristics or variables which were found to have been used by
other agencies included: <conflicts: vehicle speed, geometric
characteristics, and sight distance. 1In addition, delay had occasionally
been used. It is not as quickly and easily measured as volume, for example

and thus is not as promising for practical application.



SELECTION OF INTERSECTIONS

The previous paragraphs described the criteria for optimizing
intersection operation and the intersection variables which were of
interest. The variables included volume and delay. The data collection
method used to obtain data on volume and delay at field study locations was
time~lapse photography.

Six intersection locations were selected to represent the three types
of left turn phasing and a variety of other intersection characteristics.
The intersections selected for study were chosen to provide a range of
values for the following variables:

Type of left turn phasing

Number of opposing Tanes

Left turn volume

Volume of opposing traffic
A1l six intersections had separate Teft turn lanes. Initiallys the study
team considered collecting data at intersections where the left turning
vehicles would have one lane of opposing traffic. A review of signalized
intersection locations in Tempe, Mesa, Scottsdale and Phoenix showed that
signalized intersections with this characteristic are rare. For this reason
it was decided to concentrate data collection efforts where the results
would have greatest application = namely, locations with two or three
opposing Tanes. Therefore, six intersections were selected: two with
permissive phasing; two with exclusive/permissive phasing; and two with
exclusive phasing. For each type of phasing one intersection was selected
with two opposing Tanes and the other intersection was selected with three
opposing lanes.

It was found that signalized intersections with exclusive/permissive

phasing and three opposing lanes are also rare in the Phoenix urban area.

10



Tempe has only one intersection approach with exclusive/permissive phasing
and Mesa's policy is to not use exclusive/permissive phasing when there are
three opposing Tanes. This policy is based on studies which show this
sftuation has an accident problem since Teft turn motorists have greater
difficulty in identifying acceptable gaps when there are three lanes of
opposing traffic. An exclusive/permissive location with three opposing
lanes was found in Scottsdale and it was chosen as a study site.

Intersections were matched so that they were similar in terms of the
number of lanes of opposing traffic, signal display and signing, speed,
traffic composition, and geometry. Pedestrian interference was not a factor
at any intersection studied as pedestrian (and pedacycie) volumes were very
small. A wide range of left turn volumes and opposing volumes was desired
for the study and was a factor in intersection selection.

A further constraint was the need for a suitable site to locate the
time-lapse camera. A space was needed, off the street and sidewalk, where a
1ift truck could be parked and from which the intersection could be clearly
seen from the 1ift truck platform (30 feet high). Trees, buildings, and
power lines were the most common obstacles. Quite often, intersections were
identified which satisfied all of the study needs but which did not have a
suitable camera location. Some compromises were made in selecting
intersection locations in order to have a suitable camera location. Parking
Tots such as those found in shopping centers were found to be ideal
Tocations.

Traffic Engineering Officials from the cities of Mesa, Phoenix,
Scottsdale, and Tempe were very helpful in assisting the study team in

fdentifying suitable intersections and in supplying volume, turning movement

11



count, geometric, and signal timing data. Accident data were supplied by
ADOT.

Figure 1 shows the locations of the intersections selected for study.

12



Phoenix
'wwﬁmwmvandmm
. Vicimfy
S 12t z 3
con Graduate School’ B . ¢
rnaltonal Monolrmnl GEEENWAY
e R Scotisdala
: & l a3 ; 5 Munkcipal |
i prunpeRsDE P x Alrport . !
i caciug - Rt
| I IR U I
| <] eeomA < ;~L
h Glendale S 2
! C it g' ~F: 3
e Hoadi-F \
; PR :
! T T
-~ woRpHERN L B
0 I
3 NDALE i BEND
UE § (8 eentany t or | Seottidole : RIVER
M Gronaf . T 1 Cottege
BACK <] {931k srrege] & i< s &
St g Gol B ‘,ﬁ\ ; P Indion B4 B2l rit BB
| N \ H )+ 8-~ Sehoot 4 ¢ § BE >
¥ 'w Yeourse | 1OIAN i ) Schootfy ydva Houiol SCHOO * 1y A1 ro. |
& . Fhoen: oearsl - , =~ -
e T ull C°?""nx - ounteyd SR e i «'ﬁ\ di g
P | THOMAS | - M scrbf N\ R O0 Ry g : DALE 2
E l kR é ; snc.«tif'rb’p\x 3 Hnard»‘«uuvm Q;,; PR E ..; 5 § z - . m
e byl ; .
Coof Meppwae § - Of uCrovgas k8 rub»cgbmy A3 E DN £ S y L . ] PP
el af oo Ey ; f + Counly Hospital : x o ™ LEH] ==t l =
2 -3 2 ’;; AQ:,-';':.,'" PHOEN‘X R ') ') Botonical Gorden Q ;'.5'1“_ Z(g /
IREN. ) <{ St : ‘= W3 B4 Stare Hosgital o Av«"'x Yoo K M . - \'ﬂc ELLIPS ) ey
j Siote Copital B 12t e I i S S W = -
Civic Pugblo Grg 3 I « Y B i |
- - H i 3 & . ia N a
i §ei i |z, : 5 Rl S B b <iof | srown . I af, S|
: : i N K] g
Co £l 3 RR-) -1 SRCd I kS
Jarer nallong UNIVERSITY 37" E3 e Ok \ 1 Uhive
Aoy APACHE SEMESA mamst 1 S
o
¥ @ [ BROADWAY y ke
y | Hormon s. L N )
3 L Commoant Dl remplog i3 - . \e - \ Wy,
| | 215 Lsoumben o B
& b L I B
) 5 % 7 e Jofi . 10 "E EEE{ Y d
et , BASEUNE | | .
Il : ! ( all o 3 ; '] ; o
> guanaruee 8] & i B =1 =] ) gf
° GuapALupel 1 <R |~ ! RD,
J‘ S L} Western 87 Lo e B ( .
| _aor GILBERT | #p. 3l
a 3l a ™~ R b
i § H x w® 1%
1 A 2f 8k wasner o S
4 fe) =
s z A EERN
“zJ gl _rav 2 , -4 N SH_FD.
& k3 o[ = g ‘\
/i e CHANDLER °f- 8f S
“ Of wittJAMs ! FIELD § | RD.
3 a
Z Al ragley
< §T E2 on I o "
@ 1ndicates Study Site
Type of Left Turn Number of

Intersection

Alma School and University
Alma School and Broadway
Broadway and Priest

Thomas and 44th Street
Scottsdale and Thomas
Dobson and Main

Phasing

Opposing Lanes
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Exclusive/Permissive
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Figure 1
STUDY SITE LOCATIONS
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INTERSECTION INVENTORY AND DATA COLLECTION
An inventory of each intersection was compiled to obtain information on

the following characteristics:

Physical Inventory
Geometry

Number of lanes

Traffic Control Device Inventory
Signal Display

Signing

Traffic Inventory
Speed
ADT
Peak Hour Volumes - two-way and directional

Left turn Counts

Accident Inventory
Severity = Fatal/injury/property damage only
Type = Left turn involvement?
Vehicle involvement

Time of day - Peak, non-peak, day, night

ADOT and local agencies provided existing information on traffic
volumes, turning movement counts, and accident records. Accident records
for the three previous years were provided by ADOT. Concurrent with review
of the accident reports it was determined if there had been any changes made

in the signal phasing, particularly left turn phasing, during the three

14



previous years and provide an opportunity of comparing before and after
accident data.

Additional data were collected using time lapse photography at each
site. Time~lapse photography was used because it was the only practical
data collection method for accurately obtaining information on volume and
associated vehicle delay.

The time-lapse camera was located on a 1ift truck adjacent to the right
hand lane of an approach and approximately 300 feet in advance of the
intersection. From this Tocation the through and lTeft turn movements on two
opposite approaches were observed and recorded on film. For example, at
Broadway and Priest the camera was mounted adjacent to the eastbound
approach and both eastbound and westbound through, right, and left turn
movements were recorded.

The films were used to determine left turn volumes, opposing volumes,
delay (both to Teft turn and through vehicles), and conflicts.
Approximately seven hours of film were taken at each intersection at a rate
of one frame a second. The camera used was a Super 8mm Time Lapse model
1260 system. This is a battery operated system. The camera was mounted on
a 1ift truck provided by ADOT. The height of the camera above the roadway
was approximately 30 feet. The T1ift platform was raised to the maximum
height for every filming sequence, except where there were obstacles to 1ine
of sfight. Filming was conducted from about 8:00 a.m. to 5:00 p.m. on week
days in March and April, 1984. The hours filmed included portions or all of
the AM and/or PM peak periods.

Filming was continuous in order to be able to calculate delays at one
second intervals; a speed of one frame per second was used for all filming.

Fach roll of film had 3600 frames (50 foot roll) and ranm for one hour.

15



There were occasionals short breaks in filming for changing fiim, changing
batteries, and other operational problems.

The ADOT 1ift truck was normally Tocated so that the signal heads ana
all lanes were visible through the camera lens. For a normal 84 foot wide
arterial street, 300-400 feet from the intersection was adequate.

No significant problems were encountered using the 1itt truck for
filming. Due to the distance from the intersection, it was normally
impossible to clearly see the green arrow indication. There was, however,
no difficulty in seeing the yellow, or red ball indication. At some
Tocations the green ball was very difficult to see on the film, particulariy
if the sun was behind the camera.

There was no evidence that the presence of the Tift truck or study team

affected driver behavior in any way.

16



INTERSECTION DATA

This section describes the intersection inventory information
collected.

Alma_School and University (Figure 2)

This intersection of two major arterials is located in the City of
Mesa. Filming was done on the eastbound approach of University
approximately 300 feet west of the intersection. Both eastbound ana
westbound approaches have two through lanes and a left turn lane. The
signal is a two phase system, left turns are permitted only on a green ball
indication. Cycle lengths vary from 50 to 55 seconds. No signiticant
pedestrian interference was observed.

Traffic volume counts were supplied by the Mesa traffic engineering

department.

University ADT = 26,860 vehicles per day

AM peak: 6:00 = 8:00 AM

i

PM peak: 2:00 = 5:00 PM

The estimated number of vehicles entering the intersection on an

average weekday is 54,500; observed values were slightly higher.

Accident Rates/per one million entering vehicles

Left Turn Related Accidents

on University Approaches Total Intersection
1.06 .905 1981
6.37 1.51 1982
6.37 1.51 1983
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ALMA SCHOOL

T direction of
I camera view

UNIVERSITY
CYCLE LENGTH: Min 50 sec Max 55 sec
A E/M Green 21 sec 24.2 sec
Yellow 4 sec 3.85 sec
A1l Red 2 sec 1.65 sec
B N/S Green 17 sec 19.8 sec

Yellow 4 sec 3.85 sec
Al1 Red 2 sec 1.65 sec

Fig 2 ALMA SCHOOL & UNIVERSITY (PERMISSIVE)
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Alma_School and Broadway (Figure 3)

This intersection is in the City of Mesa. Both streets are major
arterials. FEach street has two through Tanes and a Teft turn lTane. The
signal system has an eight phase controller, with an exclusive left turn
phase with permissive left turns aliowed on the green ball indication. The
traffic signal is fully actuated. Filming was done on the northbound
approach on Alma School.

Pedestrian traffic was not a factor, however there was a great deai of
interference caused by traffic using the many driveways close to the
intersection.

Directional split was essentially balanced but northbound left turn
volume was slightly larger than the southbound left turns. Based on the
traffic volumes during the eight hours of filming, the estimated ADT on Alma
School 1is 27,210 vehicles per day.

Fstimated volume on Broadway was 27,000 vehicles per day

The estimated number of vehicles entering the intersection on a weekday

is 54,210.

Accident Rates/per one million entering vehicles

Left Turn Related Accidents

on Alma School Approaches Total Intersection Year
2.75 2.12 1981
2.06 1.42 1982
4.12 1.82 198
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T direction of
camera view

ALMA -
SCHOOL

CYCLE LENGTH: Max 143.5 sec

3 NBLT Green = 12.sec Same as 1 EBLT

7 SBLT Yellow = 3 sec and 5 WBLT
A1l Red = .5 sec

4  SBTHRU Green = B0 sec Same as 2 WBTHRU

8 NBTHRU Yellow = 4 sec and 6 EBTHRU, Except
A11 Red = 2 sec Yellow = 4.5 sec

A1l intervals given are maximums

Fig 3 ALMA SCHOOL & BROADWAY (EXCLUSIVE/PERMISSIVE)
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Broadway and Priest (Figure 4)

This intersection is in the City of Tempe. Both streets are major
arterials. Broadway is a major access route to Interstate 10 and the
Phoenix metropolitan area. The eastbound approach on Broadway was used as
the filming site. The eastbound approach consists of two through Tanes, a
left turn lane and a right turn lane. The signal has an eight phase
controlier, all left turns are leading exclusive. The intersection is fully
actuated.

There was no significant pedestrian activity, however, the percentage
of Targe trucks in the traffic stream was approximately double that seen at
the other intersections studied.

The City of Tempe traffic engineering office supplied current traffic

counts.

The estimated number of vehicles entering the intersection on a
weekday is 58,300 vehicles per day

The eastbound approach volume is 19,400 vehicles per day with an
opposing volume of 16,000 vehicles per day.

The AM peak begins at 11:00 AM and the PM peak at 4:45 PM.

Accident Rates/per one million entering vehicles

Left Turn Related Accidents

on Broadway Approaches Total Intersection Year
0.60 3.57 1981
1.27 1.60 1982
0.60 1.60 1083
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3.0 3.0
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Fig 4 BROADWAY AND PRIEST (EXCLUSIVE)
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Thomas_and 44th_Street (Figure 5)

This intersection is in the city of Phoerix. Both streets are major
arterials. Filming was done on the northbound approach on 44th. The left
turn signal phasing was permissive. There are three through lanes and one
lTeft turn Tane on both the north and south approaches on 44th street. The
AM peak ends at approximately 9:00 AM. There is a noontime peak from 11:30

to 1:00 and a PM peak starting at approximately 2:30 PM.

City traffic engineering data show that the estimated number of
vehicles entering the intersection on a weekday is 92,700. The
volume on Thomas Road is 49,200 vehicles per day.

44th Street volume is 43,500 vehicles per day.

Accident Rates/per one million entering vehicles

Left Turn Related Accidents

on 44th Street Approaches Total Intersection Year
not available not available 1981
2.76 2.07 lo&

1.84 1.77 1983
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N/S CLEARANCE 4.4 4.5 4.4

Fig. 5 THOMAS & 44th St. (PERMISSIVE)
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Scottsdale and Thomas (Figure 6)

This intersection is in the city of Scottsdale. Both streets are major
arterials. Filming was done on the westbound approach on Thomas. There are
two westbound through lanes and a left turn lane on the westbound approach.
On the eastbound approach there are three eastbound through lanes with a
left turn lane. The signal has an eight phase fully actuated controlier.
Left turn phasing is exclusive/permissive.

Some pedestrian activity was observed but did not appear to affect left
turn movements. Driveway interference occurred but it was not a consistent
problem. No distinguishable AM peak was observed. The PM peak began at

4:00 PM for west bound traffic.

The estimated number of vehicles entering the intersection on a
weekday 1s 63,000

Estimated volume on Thomas Rd. is 2780 vehicles per day.

Accident Rates/per one million entering vehicles

Left Turn Related Accidents

on Thomas Road Approaches Total Intersection Year
not available not available 1981
0.59 0.70 lo82

1.78 1.48 1983
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Dobson _and Main (Figure 7)

This intersection is in the City of Mesa. Filming was done on the
westbound approach on Main. Both streets are major arterials. the west
bound approach has two through Tanes and left and right turn lanes. The
eastbound approach has three through Tanes and a left turn lane. Left turn
phasing is leading exclusive. The signal has an eight phase controlier ana
is fully actuated. No significant pedestrian activity was observed.

No traffic counts were available from the city so volume data are based
on the expansion of film data using volume percentages calculated from the
Alma School and University counts. There was no observed AM peak for
eastbound traffic, volumes for through traffic increased steadily throughout
the morning. The eastbound PM peak began at 3:30 PM. Westbouna traffic
experienced a slight noon peak between 11:45 and 12:45, but the westbound PM
peak was not observed during the filming period. Westbound volumes also
increased during the day but showed more fiuctuation than the eastbouna

tratfic which was heavier than the westbound volumes.

Estimated ADT on Dobson = 27,000 vehicles per day.

Estimated ADT on Main = 23,100 vehicles per day.

Accident Rates/per one million entering vehicles

Left Turn Related Accidents

on Main St. Approaches Total Intersection Year
0.48 1.31 1981
1.45 0.87 1982
1.45 1.8 1983
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DATA REDUCTION

Time=lapse film

The forty-five hours (real time) of time-lapse film exposed at the six
field sites were projected using a Time=lapse model 1260 system projector at
a slow rate of speed. Viewing of the films, observation of vehicle
movements and tabulation of data resulted in the collection of data on
volume, the number of vehicles stopping, the number of vehicles not
stopping, total delay, average delay per stopped vehicle, average delay for
all vehicles, and the percent of vehicles which stopped. These data were
collected separately for left turn and through movements and for the near
side and far side approaches to the intersection. These data were tabulated
for five-minute intervals as shown in Figure 9. Viewing of the films was
extremely time consuming; each real-time hour of intersection operation
required several hours of film viewing.

Although the time-Tlapse Tilm was exposed at a rate of one frame per
second; five-second intervals were used for recording volume and delay data.
This interval facilitated data reduction and analysis. A five-second
interval of film was projected and the number of vehicles that: 1) were
stopped; 2) had previously stopped or would later stop; and 3) would not
stop at all while traversing the intersection were cbserved and tallied. A
stopped vehicle was defined as one which was stopped and waiting for the
signal to turn to green or for a suitable gap (in the case of left-turn
vehicles) . Figure 8 shows an example of a tally sheet.

The technique used for calculating delay was the stopped time delay
method. It measures the time a vehicle i1s stopped and does not include time
Tosses caused by deceleration or acceleration. In this study, stopped

vehicles were counted in five second intervals. Every five seconds, the
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number of vehicles stopped (in through or Teft turn lanes) were recorded
(see Figure 8). The total delay was calculated as the total number of
vehicles observed multiplied by the observation interval (5 seconds).

From the tally sheets (Figure 8 volume and delay data were summed for
5-minute periods for entry on the calculation sheets (Figure 9). Five-
minute periods were used so that relationships between volume and delay
could be developed over short time intervals. Average delay per stopped
vehicle, average delay per approach vehicle, and the percent of vehicles
that stopped were calculated from the volume and delay data and entered on
the calculation sheets.

Two minor problems were encountered in viewing the films. First, where
Tong queues developed on the opposing approachs stopped vehicles (for delay
calcutlation) were sometimes difficult to detect. Second, large trucks in
the vehicle stream sometimes obscured other vehicles, making it difficult to
count number of vehicles for volume or delay purposes. This was a
particular problem at the Broadway and Priest intersection. Since viewing
of the film sequence could be repeated, the required data could usually be
obtained.

While signal timing of cycle and phase length was not a part of this
research, observation of the films and on-site observations were made with
regard to phase and cycle length adequacy. It was observed that no green
phases were significantly under utilized; there were no long periods of
unused green. It was concluded that signal cycle and phase timing did not
appreciably affect delay values obtained in this study.

Conflicts were difficult to observe on film; it was frequently not
possible to accurately determine whether or not a vehicle was braking

normally or was under conflict. This was due to the distance of the fiiming
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site from the intersection. Based on a further review of the 1iterature on
conflict analysis and discussions with other researchers who had conducted
conflict analysis, the study team decided that the observing of conflicts on
film was inadequate for a proper investigation of conflicts. For this
reason, no conflict data extracted from the film were recorded or used.
Conflicts were not used as a basis for evaluating different types of left

turn phasing or for developing warrants.

Accident Data

Accident rates were calculated based on accidents per one million
entering vehiclies. Collision diagrams supplied by ADOT were used as the
source of accident information. Left turn accident rates (defined as left
turn related accidents per one mi111on entering left turn vehicles) were
calculated for each Teft turn movement. Average Daily Traffic (ADT) counts
and turning movement counts were either obtained from the appropriate
Jurisdiction, if available, or were estimated based on film volumes expanded
to a Z4-hour volume. Accident rates are included in the intersection data

section of this report.
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ANALYSIS OF DATA

The thrust of the effort in data analysis was to compare and
distinguish between the three different types of left turn phasing based
upon their effects on intersection operation. This section will describe
the important observations made in analyzing data.

The previous section described the data reduction process. The five
items of data generated by the data reduction process, appearing on the
Sample Calculation Sheet (Figure 9) were the principal items evaluated in
the data analysis phase. This phase attempted to identify meaningful
retationships between type of left turn phasing, number of opposing lanes,
left turn delay, through delay, total intersection delay, left turn volume,
and opposing volume,

Several combinations of the above variables were analyzed to determine
if there were meaningful relationships or correlations. The combinations
included:

Left turn delay vs. Opposing volume

Left turn delay vs. Left turn volume

Thru delay vs. Left turn volume

Left turn delay vs. Volume Cross Product
(Volume cross product is the Teft turn volume multiplied by the opposing
through volume). For each of these combinations data were separately
plotted for each of the six intersections. The data plotted corresponded to
the five-minute intervals shown on the Sample Catculation Sheet. Thus, each
plot had approximately 180 data points (7 1/2 hours of filming x 12 five~
minute intervals per hour x 2 approaches). Plots for permissive phasing,
exclusive/permissive phasing, and exclusive phasing were then compared with
one another to determine if the type of left turn phasing had different

impacts.
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Most of the combinations analyzed displayed no meaningful relationships
of interest in this study. Two important exceptions were: 1) the
relationship between left turn delay and v61ume cross product; and 2) the
relationship between thru delay and volume cross product. Volume cross
product was used as a variable because it presents the opportunity to
consider the effect of both left turn volume and opposing volume at the same
time. The combination of both left turn volume and opposing volume has
greater significance than either one used alone.

Figures 10 and 11 illustrate the relationship between the average left
turn approach delay (the average delay for all left turning vehicles) versus
the volume cross product (left turn volume multiplied by the opposing
through volume).

These figures represent a simplification of the original plots in that
all of the original 180 data points for each type of left turn phasing are
not plotted. Each point shown on Figures 10 and 11 represents the mean of
the Teft turn approach delay values for a range of volume cross product
values. For example, the lTowermost exclusive/permissive point (a triangle)
on Figure 10 shows that for cases when the volume cross product was between
0 and 200 the mean value of average left turn approach delay was 16. The
scale on these figures shows the volume cross product in terms of five
minute intervals used in data reduction (veh?c]esz/S minutes) as well as the
equivalent hourly values (vehic?esz/hour).

Figures 10 and 11 present some very interesting observations. Figure
10, which illustrates the case of two opposing lanes, shows the following.

1. A change from permissive phasing to exclusive phasing would increase

Teft turn delay. With exclusive phasing Teft turning vehicles must

wait until that small portion of the cycle with an exclusive left
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VOLUME CROSS PRODUCT RANGE
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VOLUME CROSS PRODUCT RANGE
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turn movement; with permissive phasing they may turn during nearly
one~half of the cycle.

2. At Tow volume levels (less than about 1000 vehic1esZ/5 minutes),
exclusive/permissive phasing results in very 1ittle reduction in
left turn delay as compared to permissive phasing. In these cases
Teft turn demand is so Tow that most left turners are turning on the
green ball anyway and the exclusive portion of the phase offers very
Tittle reduction in average left turn delay.

3. At higher volume levels (greater than 1000 vehic1esz/5 minutes),
exclusive/permissive phasing does result in a significant reduction
in Teft turn delay. In these cases left turn demand and/or opposing
volume is so high that the exclusive portion of the phase is used
much more.

4. Exclusive/permissive phasing results in much Tess Teft turn delay
than exclusive phasing at all volume levels. With
exclusive/permissive phasing left turning vehicles have
opportunities to make left turns during the permissive portion of
the cycle as well as the exclusive portion thus reducing delay.

Figure 11 illustrates the case of three opposing lanes and shows the

foliowing relationships.

1. At Tow volumes (less than about 700 vehiclesz/s minutes) permissive
phasing works very effectively.

2. At higher volume levels left turn delay increases rapidly when
permissive phasing is used.

3. At Tow volumes (less than about 700 to 900 vehic1esz/5 minutes)
exclusive/permissive phasing results in lesser left turn delay than

exclusive phasing. As volume decreases, exclusive/permissive
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performs better and better than exclusive because moré and more left
turning vehicles can make their maneuver on the green ball.

At high volumes (greater than 1000 vehicTesZ/S minutes) there is no
significant difference in left turn delay between exclusive phasing
and exclusive/permissive phasing. At these volume levels opposing
volumes are so high that there are inadequate gaps for vehicles to
execute left turns on the green ball. Therefore, the
exclusive/permissive phasing functions as if it were exclusive
phasing. It was noted eariier in this report that many
Jurisdictions, by policy, do not install exclusive/permissive
phasing when there are three opposing lanes. This observation
suggests that those jurisdictions are not sacrificing great
reductions in left turn delay by using only exclusive phasing.

The curves representing left turn delay for permissive phasing and
exclusive phasing intersect at a volume cross product of 700
vehicTesz/S minutes which is equivalent to 100, 800 vehicleszlhour.
This value is remarkably close to the volume cross product criteria
of 100,000 used by many jurisdictions to install exclusive left turn
phasing (see previous section of report on "Warrants, Guidelines,

and Criteria Used by Others™).

A comparison of Figures 10 (two opposing lanes) and 11 (three opposing

Tanes) shows that there are substantial differences in the relationships
between types of left turn phasing. For two opposing lanes (Figure 10)
exclusive/permissive phasing performs substantially better than exclusive.
For three opposing Tanes there {s virtually no difference in performance.
This suggests that when there are three opposing lanes of traffic that left

turners are much more reluctant to make a turn on a green ball indication.
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With three opposing lanes it is more difficult for the driver to see and
judge suitable gaps. The driver must check three lanes rather than two and
there is a greater chance that one vehicle will mask out ancther. A further
factor is that with three opposing lanes longer gaps are necessary since
vehicles must cross three lanes instead of two.

Figures 12 and 13 illustrate the relationship between the average thru
approach delay (the average delay for all thru vehicles) versus the volume
cross product (left turn volume multiplied by the opposing through volume) .
Like Figures 10 and 11, these figures represent a simplification of the
original plots in that all of the original 180 data points for each type of
Teft turn phasing are not plotted. Each point shown on Figures 12 and 13
represents the mean of the through approach delay values for a range of
volume cross product values. The reader should note that the horizontal
scale is different on Figures 12 and 13 than on Figures 10 and 11.

Figure 12 illustrates the case of two opposing lanes. It shows the

following.

1. Average thru approach delay is very small for permissive phasing.
It is 2 to 3 seconds per vehicle, regardless of the size of the
volume cross product.

2. Average thru approach delay 1s much smaller for permissive phasing
than for either exclusive/permissive or exclusive phasing. A
change from permissive phasing to either exclusive/permissive or
exclusive phasing would increase thru delay.

3. Exclusive/permissive phasing results in about 4 to 5 seconds less

delay to thru vehicles than does exclusive phasing.
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4, The magnitude of the delay to thru vehicles increases with

increasing volume cross product.

Observation of both Figures 10 and 12 shows that exclusive phasing
results in the greatest delay for both left-turn and thru vehicles
Figure 13 illustrates average thru approach delay for the case of three

opposing lanes. It shows the following.

1. Average thru approach delay is 3 to 6 seconds per vehicle.

2. Average thru approach delay is much smaller for permissive phasing
than for either exclusive/permissive or exclusive phasing. A
change from permissive phasing to either exclusive/permissive or
exclusive phasing would increase thru delay.

3. Exclusive/permissive phasing results in about 6 to 8 seconds less
delay to thru vehicles than does exclusive phasing.

4, The magnitude of the delay to thru vehicles increases with

increasing volume cross product.

Comparison of Figures 12 (two opposing lanes) and 13 (three opposing
tTanes) shows that the effect of the three types of left turn phasing on thru
delay 1s basically the same regardless of the number of opposing lanes.

Analysis of the data on accident rates at the 1imited number of
intersections studied suggests that Teft turn phasing has a significant
effect on Teft turn accidents at signalized intersections.

Table 1 shows the accident rates based on one million entering
vehicles. The left turn accident rate was calculated using left turn

volumes. The accident rate for the entire intersection was also calculated.
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As shown 1n Table 2, the type of left turn phasing appears to have an

effect on the left turn accident rate.

Table 2

LEFT TURN ACCIDENT RATE BY TYPE OF LEFT TURN PHASING

Type of Left Turn Phasing Left Turn Accident Rate*
Permissive 3.68
Exclusive/Permissive 2.24
Exclusive 0.97

.X.
Left turn related accidents per one million entering
Teft turn vehicles on observed approaches.

Note: Each value in this table represents an average

of the annual accident rate at two intersections
in 1981, 19&, and 198.

Exclusive phasing has the Towest left turn accident rate. This is
because Teft turns are permitied only on the green arrow. Left turn
vehicles do not enter the intersection at the end of the through green and
attempt left turns during the clearance interval. The potential for
conflicts and accidents with oppesing through or cross traffic is relatively
Tow.

Exclusive/permissive phasing also shows a reduction in left turn
accident rates as compared to permissive phasing. Most Teft turns are made
on the left turn arrow (exclusive condition) and few are required to make
left turns on the green ball (permissive condition) or the clearance
interval following the green ball. The opportunity for conflicts and
collisions is reduced because during most cycles, the left turn demand is

satisfied by the exclusive portion of the cycle.
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It appears that the accident reduction potential of exclusive and
exclusive/permissive phasing can be an important consideration in the

selection of signal phasing.
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CONCLUSIONS

This section describes the major findings of the research project.

1.

For intersections with two opposing lanes exclusive phasing
results in Targer left turn delays than permissive phasing.

For intersections with two opposing lanes exclusive/permissive
phasing results in very little reduction in left turn delay as
compared to permissive phasing at Tow volume levels. At higher
volume Tevels use of exclusive/permissive phasing does result in
significant reductions in Teft turn delay.

For intersections with two opposing lanes exclusive/permissive
phasing results in much less Teft turn delay than exclusive
phasing.

For intersections with three opposing lanes permissive phasing
works very well at Tow volume levels; left turn delay increases
rapidly as volumes increase.

For intersections with three opposing lanes exclusive/permissive
phasing results in lesser left turn delay than exclusive phasing
at Tow volumes. At high volumes there is no difference in left
turn delay between exclusive phasing and exclusive/permissive
phasing.

For intersections with three opposing lanes permissive phasing
will work well up to a volume cross product level of about 100,000
vehicTesz/hour. Above this Tevel exclusive phasing results in

fess left turn delay.
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10«

The relative performance of permissive, exclusive/permissive, and
exclusive phasing are substantially different for two opposing
lanes as compared to three opposing lanes.

Thru delay is very small for permissive phasing compared to both
exclusive/permissive phasing and exclusive phasing.
Exclusive/permissive phasing results in about 4 to 8 seconds Tless
delay to thru vehicles than does exclusive phasing.

Based on a Timited samples, the left turn accident rate decreases
in going from permissive phasing toc exclusive/permissive phasing

to exclusive phasing.
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RECOMMENDED WARRANT FOR LEFT TURN SIGNAL PHASING

The basic objective of this study was to determine a suitable warrant
for Teft turn signal phasing. This section describes how the left turn
warrant was developed, lists the intersection data required to use the
warrant, presents the warrant itself, and describes how the warrant is
applied. Adoption of the warrant by jurisdictions in Arizona would lead to
better uniformity in use of left turn signalization in the state.

Development of the warrant considered a variety of information from two
sources: that obtained from the review of the warrants, guidelines and
criteria used by others; and that produced in this study. Listed below are
the important points of information which directly influenced the warrant
that was developed.

1. It 1s generally accepted in the traffic engineering community
that with permissive phasing two left turning vehicles can
clear the intersection at the end of the green ball. If left
turn demand in the peak hour is greater than two vehicles per
cycles, on the averages, then either exclusive or
exclusive/permissive phasing 1s required to accommodate left
turns.

2. This study showed that, for intersections with two opposing
Tanes:

a. permissive phasing works well when the volume cross
product is less than 1000 veh1c1e52/5 minutes
(144,000 vehicles’/hour);

b. exclusive/permissive phasing significantly reduced

Teft turn delay (as compared to permissive phasing)
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3.

when the volume cross product exceeded 1000
vehic1952/5 minutes (144,000 veh?cieszlhour);

c. exclusive/permissive phasing resulted in
significantly less left turn delay than exclusive
phasing at all volume levels.

This study showed that, for intersections with three opposing
lanes:

a. permissive left turn phasing works well when the
volume cross product is less than 700 vehiclesz/S
minutes (100,000 vehicles?/hour);

b. above 100,000 vehchesz/hour use of exclusive phasing
results in the lowest left turn delay.

In several instances guidelines, warrants, and criteria used
by other agencies recommend that exclusive phasing, rather
than exclusive/permissive phasing, be used when Teft turning
traffic must cross three or more lanes of opposing through
traffic. (One such study is the Florida report - reference
9.

Similarly, it is suggested that exclusive phasing, rather
than exclusive/permissive phasings, be considered when the
speed 1imit of opposing traffic is greater than 45 mph. At
high speeds it is more difficult for Teft turning motorists
to judge acceptable gaps.

Restricted sight distance to opposing traffic creates
potential accident situations. Sight distance may be
restricted due to roadway geometry or opposing left turning

vehicles. The Florida report (reference 9) recommends use of
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exclusive left turn phasing when sight distance fails to meet
the following criteria:
250 feet for speeds of 35 mph or iess
400 feet for speeds greater than 35 mph.
7. Separate left turn phasing can reduce left turn accidents.
This study presented accident rates for a limited number of

intersections (six).

A final factor which guided development of a warrant was a
philosophical factor. Although a warrant must be somewhat sophisticated so
that it will accurately select the appropriate type of left turn phasing, it
must also be of a form that is easily used. It should establish a quick and
easy means of evaluating an individual intersection to determine what type
of Teft turn signal phasing is best for its particular characteristics.

The data required to use the Teft turn warrant developed in this study
are:

Left turn volume (hourly) during the peak hour. (Use the hour of
highest left turn demand if it is not the peak hour. This does
not imply that the warrant is just for the peak hour; however,
the peak hour usually determines the need for left turn
phasing.)

Cycle length

Opposing volume during the peak hour (or hour of highest left turn
demand)

Number of opposing lanes

Speed of opposing traffic

The available sight distance

Accident history, including left turn accidents.
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A1l of these items are usually easily acquired and readily available.

The warrant developed in this study is based upon the factors described

above. The warrant itself is presented in the form of a flowchart (shown in

Figure 14). The following steps describe application of the warrant. (Note

that the
Tane) .

I.

IT1.

ITI.

VI.

warrant applies only to locations that have a separate Teft turn

Determine the left turn volume in the hour of highest Teft turn
demand and divide by the number of cycles per hour. Determine if
the answer is greater than 2.0.
Determine the number of Tanes of traffic opposing the left turn
movement. These lanes would be all Tanes on the opposite approach
with through and/or right turning vehicles.
Multiply the left turn hourly volume times the hourly volume for
opposing through traffic. Use the same hour as in I. Compare the
answer to either 100,000 or 144,000, as appropriate.
Determine if the speed on the opposing approach is greater than 45
mph .
Determine if sight distance is restricted.
Restricted sight distance {is:

<250 feet when speeds are 35 mph or less;

<400 feet when speeds are 40 mph or more.
Determine if there is a severe left turn accident probiem which
could be corrected by exclusive phasing. There are no clear-cut
criteria for a severe left turn accident problem which can apply
to all jurisdictions. Each jurisdiction should develop its own

accident rate criteria. The following data may be useful in

52



Beginl

¥

Is left turn demand
>2 per cycle?
(average in highest

No

VI

Is there a severe
Teft turn accident
probiem which could
be corrected by
exclusive phasing?*

No

hour)
Yes
I RSP A ——
How many
opposing lanes?

’ 3

l 3

Yes
\g;) ek de

[T 1s volume cross

product > 144,000
in highest hour?

Il 1s volume cross

product > 100,000
in highest hour?

M"m”““‘*~L.YeS . I

v
( concider E \ Yes Is the oppo;%né
O speed > 45 mph?
No
*kke VL

Yes

Is sight distance
restricted?

l No

«J
[

*
Yes

-

G

Is there a severe
left turn accident
problem which couid
be corracted by

exclusive phasing?*

=

\
™
T
-
]

i

.’
Note:

Permissive

X No

&)

Res

Exclusive/Permissive <

- Exclusive

<

This procedure applies

to locations that have a
separate left turn lane

y ido ‘ NOH

Is the opposing
speed > 45 mph?

y L No

Is sight distance
restricted?

4 Mo

Is there a severe
left turn accident
problem which could
be corrected by
exclusive phasing?*

No
P

trictive Sight Distance is:

Yes

-
[}
w

250 feet when speeds are
35 mph or less;

400 feet when speeds are
40 inph or more

Figure 14

*kok

!

* KR

*ok

*kk

Procedure for Determining Type of Left Turp Phasing

[$3]
(&%)

Y@;,<E;>
oS (consider £ )
— Consider E
N

See text for definition
of severe left turn
accident problem

An opposing spead > 45

mph indicates a potential
left turn accident problem.
Consider exclusive phasing,
realizing that non-left

turn accidents may increase.

Use exclusive phasing with
the understanding that
non-left turn accidents may
increase.



determining whether the number of left turn accidents is unusually
high.
A. This study calculated the following accident rates at six

intersections (two for each type of phasing).

Left Turn Related Accidents

Type of left per one million entering
turn phasing left turn vehicles
Permissive 3.68
Exclusive/Permissive 2.24

Exclusive 0.97

B. A second study (reference 9) found the following annual
average number of Teft turn angle accidents at a sample of 28

intersections.

Average Annual number of Teft
Type of left turn angle accidents
turn_phasing per_approach
Exclusive/Permissive 3.38
Exclusive 0.48

It must be recognized that while changing the type of left turn phasing
will reduce left turn accidents, other types of accidents may increase.

It is recommended that when exclusive or exclusive/permissive phasing
is installed that it be traffic actuated with left turn phase lengths varied
according to actual demand on any cycle.

Use of this warrant is intended to be an aid to traffic engineers. As
such, the warrant 1s a guide to be used as an evaluation tool and is nots of

itself, a decision making process.
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RECOMMENDATIONS FOR FURTHER STUDY

The basic approach used in this study was to compare delay and other
operational descriptors at intersections where the type of Teft turn phasing
was different but where all other intersection characteristics were the same
(as nearly as possible). Intersections were matched in terms of number of
opposing lanes, left turn volume, opposing volume, signal display and
signing, speed, traffic composition, pedestrian interference, geometry, and
other factors. This approach was valid and the study results are
meaningful, useful, and valid.

It was not possible, in this studys to obtain perfect matches among
intersections. There were some differences in percentages of Teft turns,
total traffic volumes, cycle length, and split between intersections. In
addition, two intersections were parts of signal systems and vehicle
arrivals tended to be more platooned than random at those locations.

Although these differences could not be normalized in this study, it
would be of interest to compare different types of Teft turn phasing at a
single intersection. Through a before and after type study volumes, turning
movement percentages, and the pattern of vehicle arrivals would be fairly
consistent while the type of left turn phasing is varied. With the
cooperation of a traffic engineering agency it would be possible to have
control over cycle length, split, G/C ratic, and signal timing.

The City of Phoenix is currently conducting an experimental program
with Teft turn signal phasing. Preliminary discussions indicate that the
City of Phoenix would have an interest in cooperating in a before and after
type study. Thus, a unique opportunity exists to conduct the before and

after type of study described above. The results of such a study would
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complement the just completed research project and further add to the body
of knowledge about Teft turn signal phasing.

The effect of introducing left turn phasing in progressive signal
networks was not evaluated. Only one of the data collection sites was part
of a signal system; the other five sites were isolated intersections. The
effect of left turn phasing on a progressive system, as well as on system-

wide operations, should be a part of a follow-on study.
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APPENDIX A

GLOSSARY

Definition of Types of Left Turn Signal Phasing

Permissive Left Turn -

Exclusive Left Turn -

Exclusive/Permissive Left Turn =

Split phasing -

60

Vehicles are allowed to make a left
turn on a circular green indication
after they yield to oncoming traffic
(sometimes called a permitted left
turn)

Vehicles are allowed to make a left
turn only on a green arrow
indication (sometimes called a
protected teft turn)

Vehicles are allowed to make a left
turn eifther on a green arrow
indication gr on a circular green
indication after yielding to
oncoming traffic (sometimes called
protected/permitted left turn). The
exclusive portion of the signal
cycle (the green arrow) may either
precede (lead) or follow (Tag) the
permissive (circular green) portion
of the cycle.

This is a specialized form of
exclusive left turn phasing. W{th
split phasing one approach of an
intersection is directed to proceed,
including left turn drivers on an
exclusive left turn. When this
approach is stopped the opposing
approach is directed to proceed,
inciuding left turn drivers on an
exclusive Teft turn.



APPENDIX B

SAMPLE COLLISION DIAGRAMS FOR STUDY SITES
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AL SNA DEPARTMENT OF THANSPOF?TL\J:

CFFICE MEMO "l—') FO,
- FR.
HIGHWAYS DIVISION PO
(j February 10, 1981
19 Issued 20 September 1974
gATTACHMENT #43 Revised 10 February 1977
Revised 10 February 1281

TO: AREA 1 & AREA 2 ENGINEERS

FROM: BENJAMIN E. BURRITT
Assistant Traffic Engineer
Operations Studies Branch

RE: Operating Policy #11 - Guidelines
for Considering Left-Turn Signals

In future studies evaluating the need for left-turn signal phases
at intersections having left-tum cheannelization, all of the foilewing quide-
lines must be considered:

1. Accident Experience -- Consicder left-turn phasing if th
(1 foilowinc criteria are met:

[14]

a. One ap proa h -- four left-turn accidents in one year
or six in two years.

b. Both approaches -- six left-turn accidents in one year
or ten in two years.

2. Delav -- Consider left-turn phasing if a left-turn delay
of 2.0 vehicle-hours or more occurs in a peak hour on an
approach. Also, thers must be a minimum left-turn volume
of 50 during the peak hour, and the averaqe delay per lef:
tuming vehicle must te at least 35 seconds.

)

Volumes -- Consider lef:i-turn phasing when the product of
Teft-turning and opposing volumes during peax hours exceeds
100,000 on a four-lane street or 50,000 on a two-lane street.
ATso, the left-turn volume must be at least *O during the
peak-hour period. Volumes meeting these levels indicate
that furiher study of the intersection is required.

c.

4. Traffic Conflicts -- Consider left-turn ohasmﬂ vhen a con-
sistent averace ¢f 14 or more total lef:t-turn conflicts or
10 or more primary left-turn conflicts occur in a peak hour.

(.

1a.s500 2775
FCRBALALY $e0941 69



cy #l1 - Gu
ng Left~'1\_l 12

5

-

Cperating Pol
Considers

for

1
W et ey
TN I 3
LRI Kemn ]
a s o w 72 B T U T v 1 . d
~ g3 s w0 boed 1w a i © 1 qQ o 3]
IR D o U Mot B4 Q) E s 0 v - o oW oo -
i o o I AN o TIR {1 MRS 1 I B | [ B L I B R % I 4] L R LI wu 4
Rl 3ol oo G 1] L OO o om U o oo [ o I TS
v O o O M U U e D B o U n. O e don 0. o b O oa g
> h [ VR B o S ¥ VY Q@ o RN oo o oW [ PRI
Uy el o oo Do Q) o] [S IR I ] w (SO B SR G ] [RR R R ¥
« [ A w2 U e Woerd MY o G o) O % omou
5] Y] Lo I I B TS T & T T R R < RS B o YN U R | RN IS %] EART R SR o)
(= IS B] Db u O oW o oy [0 o VI VR ¢ B Y1 IO ] ot owow
Qb g e Hoode oo 2 U4 1o (O Y IR SR ] (3] a5
Jg2w boelb 0 el O N @ e b oW 0.0 O QO ko A oWt (RIS I 5 :
[N LRI A I IR TV RN el QO gl 0 oL u oo Ul U O D
(4] Y4 QO > i ~ |2 e AN Mo e o S Y B A s I I [T I R SR
£ o a0, 4o W, 0 el oW o vV O WG 1oe g g 0w
0 Lan B © PR RN i+ BE oo B ¥ m o B I W 220 ERTN I IR BT RN B e o g ow
bow O tnyowod oA O o 5] [ ) S s B R =) [SH] n v
4 o g o R R I B VR A C Y| O H L e W w0 U oo
= O 44 0n o4 vmh [ Y] QO QO O 4 14 12 e 1) [ X oS B
[T om0 2T ) b0 4 o o0, s} o W w o, & [aW
| SRS a Sl g on TR} [T [V e o I} en [} )
i 1 .Dc._CCwae.Qnean RO L N o B ol o LI & PR SN o4 w Y o ool
EE N 3 0 U o un-ta b [e] o R R B B~ (R g | e 13 e by
o3 i1} ~t (ST I B W /) R W 4 m 3ol ED o o oo e ]
@ H oo oeecaoadghBagn u.dc.,ﬁ.mu ‘oo MR g D
L1 - oo [s} Nolnd] U ﬁ. R v NI BEES TS SR TR Y RS 3} U g
2 o Q w© N wd O n o v u O U W QU W nnhm:
0 Q 4ol L= S I s U g o wu a L ug wlopow D ouy
(7] Q LY o 2 U g Motn U QO M Iy ot U Uy 0w
© Q. U@ Mg v SRRV B i [ I o % by U Uw L S Y T ]
[e} Vgl 2 U 0 U e e gy g >0 a Y O n w oz oW .
ae IR S LB ] ool 12 3] [o A wle] S AR R Y BT A [y I BN W VRS
U u O A g’ W e el Lo ow 5 0
[ WY WD 9 b0t O [SIES I I I Vo Mg 0wl oa
i W ORI B S T & B (> B B B RS R o | — S U N ST U R A Y [« T B W RN, N &1
Yy wWog oo O Mo oo L] LO R R e s BT (5] ﬂ. < SIS
4 o 0 D J.0 U4 o0 L ¥ ool U4 0 w2 O~ .ﬁonw_a
o] o~ Q [T W o B TR R o B8 NI ;) [ S N e G AT o I S I oV S I |
i) U0 O g ed 0 2w e W U e el Q) s S BT ]
v g Q0 [o I S ] 3w ST..a oo L I oI LR SIS B N\ ]
o mrs ISR I 5] b w g o (] 2 I I T AT
x| Owl @ 3 0l o W aag e ST B A = I (I e | 4y Mpoad (o o4
”- O 73 w00 wledog £ Q be mu A A e @Y 2oy ow U
aj FE R RN BIIIREIRY [l ] [ BRI VI o I R )] o ~ W g0 o )
~ IO 0wy vl DUlg w (] 13 ool oo L,0 [ I PR SR 4 v
[\T ] 0 1 o el o wlu oo of [V S I L0 thw )] Y4 o
o @ L R IR Y B s B =~ I =) [V o) y] EE R V] Qi et g 1 U e B BT I ¥
> &) U VoMY 000 Y o W YA oped 1 b -t S I WS PERNT 3 0 o0
4] m o i = O 1 W LS T I o TV B B gv) A Y op,W Y Ui O onbH
1 i H OO LW ow oA ol ) o w ot LS B S M o I B o S | m. o o It I B A R ¥
u = S Yy mHou oo W Yy [ B S Y 0 e n v %] L L VI B S I VR
fa L ge £ ot O U el vl 0 ot o i 3w U o o
t oo 9 odgud @ wa wE R 9 R = = R I R I R N B
] ES I B & Jii Ui @ oo w (@] (WO g 0o 0w N, 1) n Qo o
- ¥ Yy 3] . Mm 0 L1 S R o L D 7 et ] [N ¥} [ IS J
o] U 0o u [T . w“ietg ] - .ntthten oo o [ RS P
L -1 U0 Nal o b 0 unuu ~ 0 [y} o= % I S e B o T B ) R ' U o vy
mh 1 > G 0 [ 5] (=3 S BRI ¥ red Mid O3 0.0 ot 0 et Lo 2 R N
4 NS e % Y-t Voe > W EU R A I 1] 13 el 7] a wu. [ B I Y 7] 4 U O
jon} Yq O i) O a4 o O, 1 » I a W [}] Kol B Y H ool o oun g »>d w0
(@] o HoW =] Mool @ o O (=¥ IO W g0 O w Q- b
m 1 o u = QU3 VoW 0L oW 5] Ol M O Qo 1R o I ERY ST |
[ e ° "
28 <1} m [ &)
>
D
g
75}

~ e —



o~

t ™

(r—

[

Operating Polic, #11 - Guidelines

for Considering Left-Turm Signaig - 3- February 106, 1977

STUDY PROCEDURE - conT,

C. Special Considerations = Cone,

Arrow dssemblies are gaining dcceptance ang their use

encouraged, Fqy Pe€rmissive Phasing, the five-head assembly

Hy

is

(three ball - ¢y arrow) is appropriate, For exclusive phasing,
the thrse-head assembly (three dTTOW) can be ygeq in conjuncricn

with a “"LETT oN GREZN ARROW oxLY ™ sign,
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4

ARIZONA DEPARTMENT OF TRANSPORTATION

OFFICE MEMO
HIGHWAYS DIVISION

November 14, 1983

TO: STUDIES UNIT | ENGINEER AND
STUDIES UNIT Il ENGINEER

Issued 20 September 1976

Revised 10 February 1977
Revised 10 February 1981
Revised 14 November 1983

FROM: RONALD D. MIDKIFF
Assistant Traffic Engineer
Operations Studies Branch

" RE: Opefatfng Policy #11 = Guidelines

for Considering Left=-Turn Signals

-

In future studies evaluating the need for left=turn signal
phases at ‘intersection having left-turn channelization, all of
the following guidelines must be considerad:

1.

Accident Experience == Consider left-turn phasing

if the following criteria are met:

" a. One approach =- four left-turn accidents

during a lZ-month period cr six during
a 2b-month period. '

b. Both approaches -~ six left-turn accidents
during a 12-month period or ten during a
- 2b-month period.

Delay =~ Consider left-turn phasing if a lefe-turn

delay of 2.0 vehicle-hours or more occurs in a

peak hour on an approach. Also, there must be a
minimum left-turn volume of 50 during the peak

hour, and the average delay per left-turning vehicle
must be at least 35 seconds.

Volumes <=~ Consider left-turn phasing when the

product of left-turning and opposing volumes during

peak hours exceeds 150,000 on a four-lane street

or 75,000 on a two-lane street. The left-turn

peak hour volume must be at least 120 under existing
two-phase operation, 90 under existing three-phase
operation, and 60 under existing four or more phase
operation. Volumes meeting these levels indicate
that further study of the intersection is required.
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Operating Policy #11 = Guildelines . -2~ November 28, 1983
for Considering Left-Turn Signals -
ADDENOUM

L. Traffic Conflicts == Consider left-turn phasing
when a consistent average of 14 or more tota]
left-turn conflicts, or 10 or more primary lefe-
turn conflicts ocecur in a peak hour. '

STUDY PROCEDURE

A. Left-Turn Delay

Left-turn delay is defined as the time frem
when 3 vehicle arrives in a3 queue or at the stop
bar until it departs from the stop bar.

8. Traffiec Confliects

Primary left-turn conflicts occur when 3
left-turning vehicle crosses in front of or blocks
the lane of an opposing through vehicle. This conflict
is counted when the through vehicle brakss or weaves.
Ancother type of conflict is a continuation of the-
primary type. |If a sacond through vehicle following
the first one also has to brake, this act is countad
as a sacondary conflict. The last type of conflice
occurs when vehicles turn left on red. This signal
violation conflict s counted when a vehicle enters
an intersection after the signal has turned red.
Vehicles which enter the intersaction legally and
complete their movemant after the signal changes
are not counted. As 3 general rule, a maximum of
two vehicles can enter an intersection legally and
complete their turns after the signal changes.

C. Special Considerations

When a left-turn signal is recommended based on
factors other than accident experience, consideration
may be given to permitting left turns afcer the
protected portion of the phase. |If such an approach is
initially usad, the operation of the intersection
shall be monitorad to determine if motorists are
capable of safely negotiating left turns during the
permissive portion of the phase. If it {s determined
that motorists can not be relied upon to choose
adequate gaps, the operation of the left-turn signal
shall be modified by eliminating the permissive
phase and, if necassary, extending the protected
phasa. .
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Operating Policy #11 = Guidelines =3- November 14, 1983
for Considering Left=Turn Signals .

An exclusive left-turn phase increases intersection
delay. Use of a leading left-turn arrow can make
protected left-turn movements less of an economic
hardship to the motorists. Consideration should be given
to recommending leading left-turn arrows, as opposed to
exclusive left-turn phases, when traffic imbalances
favor such treatment.

Arrow assemblies are gaining accaptance and their
use is encouraged. For permissive phasing, the five-
head assembly (three ball = two arrow) is appropriate.
'For exclusive phasing, the three-head assembly (three
arrow) can be used in conjunction with a "LEFT ON GREEN
ARRQW ONLY' sign. .

ROM:ks o S ‘ ‘

cc: Thomas Newton
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