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ABSTRACT

Right turn on red (RTOR) maneuvers have been permitted at
signalized intersections in Virginia since 1972. However, until
January 1, 1977, following a study requested by the General Assem-
bly, the maneuver was restricted to intersections at which a sign
was posted to inform the motorist that RTOR was permitted. Under
the pre-1977 legislation RTOR was allowed at only 8% of the state's
intersection approaches. Under the legislation that became effec-
tive in 1977, motorists are allowed to make right turns on red and
left turns on red from a one-way street onto a one-way street, un-
less the maneuvers are specifically prohibited by a sign. The
purpose of the investigation reported here was to examine the
benefits and problems resulting from the new legislation. The
scope of the study included questionnaire surveys of the state's
law enforcement and traffic officials; a telephone survey of public
opinion; an accident analysis at 18 intersections; and field in-
vestigations at 48 sites to examine time and energy savings,
operational problems, and driver acceptance of and compliance with
the laws. The analysis of the study data revealed that the new
legislation was working very well and was being enthusiastically
supported by the vast majority of Virginia officials and the public.
RTOR was permitted at 84% of the state's signalized intersection
approaches and LTOR at 73% of the approacheswhere one-way streets
intersected. Driver utilization of turn on red opportunities was
found to be higher than had been reported in other states. Bene-
fits in terms of energy savings during 1977 were estimated to be
3.6 million gallons of fuel for RTOR and 2,370 gallons for LTOR.

A statewide surveillance indicated that 75 accidents involving

RTOR motorists and 3 crashes related to LTOR had occurred in 1977.
The majority of collisions had involved only minor property damage.
It was found that to encourage uniform implementation of the new
legislation there was a need for traffic officials to review all
approaches at which turns on red were being prohibited to determine
if the prohibition was necessary based on the standards promulgated
by the Federal Highway Administration. Selective enforcement,
supplemented with local media publicity, was recommended to en-
courage drivers to come to a full stop before turning on red.
Because the benefits of the legislation far outweighed its dis-
advantages, no changes in the law were recommended.
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THE IMPACT OF GENERAL PERMISSIVE RIGHT AND
LEFT TURN ON RED LEGISLATION IN VIRGINIA

by

Martin R. Parker, Jr.
Research Engineer

INTRODUCTION

During its 1976 and 1977 sessions, the Virginia General
Assembly amended Section 46.1-184(a) of the Code of Virginia,
effective as of January 1, 1977, to permit motorists to make
a right turn on red (RTOR) at signalized intersections after
coming to a complete stop and yielding the right-of-way to
other traffic and pedestrians, unless the maneuver is specifi-
cally prohibited by a sign. Subsequently, on July 1, 1977, it
became permissible for motorists to make a left turn on red
(LTOR) after stopping and yielding to other traffic and pedes-
trians, provided that the left turn is made from a one-way
street onto a one-way street, and that the maneuver is not
prohibited by a sign. These turn on red provisions, known as
the general permissive rule, brought Virginia into conformance
with ordinances specified in the Uniform Vehicle Code and stand-
ards outlined in the Manual on Uniform Traffic Control Devices.(1,2)

The legislative changes were made as a result of a study
that had been conducted by the Virginia Highway and Transportation
Research Council for the Department of Highways and Transportation
and the Virginia Department of Transportation Safety (formerly the
Highway Safety Division of Virginia) in response to Senate Joint
Resolution No. 155.(3) 1In that 1975 study it had been found
that significant savings in time and energy could be realized by
adopting general permissive legislation. By completing an RTOR
maneuver, the delayed right turning motorist had saved, on average,
14 seconds. Assuming that the maneuver would be permitted at 80%
‘of the state's signalized intersections, it had been estimated
that 3 million gallons of fuel would be saved annually. Also, it
had been found that no statistically significant differences in
traffic accidents at intersections had resulted from permitting
RTOR. It also had been noted that the few crashes related to
RTOR had involved only minor property damage. Although the study
had not included an evaluation of LTOR, many of the states with
the general permissive RTOR rule had also permitted LTOR.(4) ©No
significant problems resulting from LTOR maneuvers had been re-
ported by other states.(5,6)



When the Council's study was completed in September 1975,
27 states had adopted the general permissive rule and the other
states were rapidly approving the legislation. As of July 1,
1978, 49 states and Puerto Rico had adopted general permissive
RTOR. The only state that has not adopted the legislation is
Massachusettsy, however in that state, RTOR maneuvers are per-
mitted with a sign. RTOR is prohibited in any form in New York
City and the District of Columbia.(7)

In the interest of determining the effects of the general
permissive legislation in Virginia, several members of the
General Assembly and officials of the Department of Transportation
Safety requested that the Research Council conduct a follow-up
study. Although the Council's 1975 report and the 1976 national
RTOR study sponsored by the Federal Highway Administration had
indicated that the general permissive rule would yield substan-
tial time and energy savings for motorists with no increase in
the accident rate at intersections, highway and safety officials
expressed concern that the legislation was not being implemented
uniformly and that motorists often were failing to obey the law.(8)
This report is the result of the follow-up study conducted by
the Research Council. On February 1, 1978, a summary of the
significant findings and recommendations found in this report
were published to give legislators and highway safety officials
the results of the study before the 1978 session of the General.
Assembly adjourned.(9)

PURPOSE AND SCOPE

The purpose of the follow-up study was to determine the impact
of the general permissive right and left turn on red legislation in
Virginia. The benefits and the problems associated with the legis-
lation were examined and recommendations for improving traffic
operations and highway safety were offered. The specific objec-
tives of the study were to —

1. examine the opinion of law enforcement officials,
traffic engineers, and the public;

2. determine the degree to which RTOR and LTOR legis-
lation was implemented, i.e., the number of inter-
section approach legs at which turns on red were
permitted and the number of legs at which they were
prohibited;

3. determine driver utilization of turn on red oppor-
tunities;



4. investigate motorist compliance with the law, e.g.,
if drivers came to a complete stop and yielded the
right-of-way to other vehicles and pedestrians
lawfully using the intersection;

5. determine if problems had occurred as a result of
statewide implementation of the general permissive
rule;

6. determine the number and frequency of traffic acci-
dents that could be attributed to RTOR and LTOR;

7. estimate the time and energy savings and other bene-
fits being realized as a result of the general
permissive legislation;

8. examine the guidelines used to prohibit turns on
red; and

8. provide recommendations for alleviating problems
identified by the study.

The scope of the study included field investigations con-
ducted to collect operational and safety data related to RTOR
and LTOR maneuvers, questionnaire surveys of the state's law
enforcement officials and traffic engineers, and a telephone sur-
vey of public opinion. After the project working plan and summary
report were prepared, the scope of the study was expanded to
include additional accident data supplied by city officials and
a six-month before and after accident analysis of 18 RTOR inter-
sections.(9,10) . These additional data provide a more comprehensive
overview of the turn on red accident experience than was available
at the time the summary report was published.

METHODOLOGY

To determine the benefits and problems that resulted from
statewide implementation of the general permissive rule, opinion
surveys were conducted to document the experience of persons di-
rectly affected by the legislation. To validate and quantify the
opinions expressed in the surveys, field data were collected at
randomly selected signalized intersections. The procedures used
to conduct the specific tasks of the study are described in the
following subsections.



Questionnaire Survey of Law Enforcement Officials

As law enforcement officials are responsible for enforcing
traffic regulations, it was felt that their experience with RTOR
and LTOR would provide valuable input in assessing the impact
of the new legislation. To obtain their views, a three-page
questionnaire was sent to law enforcement officials in Virginia
cities and towns with a population of 3,500 or more, to officials
in urbanized counties, and to the Department of State Police.

The officials were requested to give their opinion of the new laws,
to provide an accident summary, and to list intersections where
they observed problems with RTOR and LTOR. Space was also pro-
vided on the questionnaire for general comments.

The questionnaire was sent to 79 law officials on November 25,
1977, and by February 1, 1978, replies had been received from 75
officials. The 95% return rate was obtained by telephone re-
minders followed by a second mailing of the survey materials to
those who had not responded to the first mailing. Once the re-
sponses were received, the data were keypunched and tabulated
by computer utilizing software available in the Statistical
Package for the Social Sciences.(1l) A copy of the transmittal
letter and the questionnaire containing a tabulation of the re-
sponses appear in Appendix A.

Questionnaire Survey of Traffic Engineers

Officials who are responsible for traffic engineering functions
including the implementation of the turn on red laws, also have
first-hand experience with the new legislation. To examine their
experience, a six-page questionnaire was sent to traffic officials
in Virginia cities and towns with a population of 3,500 or more and
to the Department's district traffic engineers, who are responsible
for traffic engineering activities on the state's rural highways
and in towns with populations of less than 3,500. The traffic
officials were requested to submit the numbers of intersection
approach legs at which RTOR and LTOR maneuvers were permitted and
the numbers at which they were prohibited, to give their reasons
for prohibiting turns on red, to provide a summary of accident
experience, and to list their guidelines for prohibiting turns on
red. In addition, several questions requested their opinion of the
laws.

The questionnaire was mailed to 75 traffic officials on Novem-
ber 29, 1877, and by February 1, 1978, all of the officials had
responded to the survey. The 100% return rate was obtained by tele-
phone reminders followed by a second mailing of the questionnaire
to those who had failed to respond to the initial survey. After
the replies were received, the data were keypunched and tabulated



Uoh

4
e

by computer utilizing a software program prepared by the Council's
data section. A copy of the transmittal letter and the question-
naire containing a tabulation of the responses are given in
Appendix B.

Survey of Public Opinion

After the RTOR legislation was approved, the Virginia Depart-
ment of Transportation Safety contracted with a public relations
firm to conduct a public information campaign to advise motorists
of the new RTOR law and to inform them of the proper way to turn
right on red. As the law became effective on January 1, 1977,
the campaign was conducted during the fall of 1976 and the first
months of 1977. The campaign included news media releases; short
radio messages; a 60-second animated television announcement; and
a display of RTOR posters in motor vehicle and other state office
lobbies throughout the state. In addition, the Division of Motor
Vehicles included an RTOR information card in every driver license
renewal notice sent out between November 1976 and April 1877. Dur-
ing January 1977 a public opinion poll, through telephone surveys,
was conducted by the consultant in Richmond, Northern Virginia,
and Hampton Roads to examine public awareness and knowledge of
the law.(1l2) Interviews were conducted with 907 adults selected
at random from telephone directories in the three areas. A copy
of the questionnaire used during the survey is given in Part A
of Appendix C.

During October 1977 the Research Council conducted a statewide
public opinion poll through telephone interviews to examine public
opinion on a variety of highway safety topics including RTOR and
LTOR.(13) The respondents were selected at random from telephone
directories throughout the state. Questions on RTOR required
respondents to describe right turn on red, indicate their approval
or disapproval of the law, and discuss their experience and problems.
Questions concerning LTOR required respondents to describe left turn
on red and indicate their approval or disapproval of the law. When
the interviews were completed, 1,730 persons 16 years of age and
older had responded to the questions on RTOR and LTOR. A copy of
the survey questions and the results appear in Part B of Appendix C.

Field Studies

In contrast to the subjective nature of the questionnaire data,
the field studies were conducted to obtain quantifiable data that
could be used to examine the operational and safety characteristics



gLy
JOdk

of RTOR and LTOR. The field studies constituted a major segment
of the study and were designed to determine —~

1. time savings directly attributable to RTOR
and LTOR;

2. the accident potential of RTOR and LTOR as
measured by the traffic conflicts technique;

3. driver acceptance and utilization of RTOR
and LTOR;

4, driver compliance with the law by stopping
and yielding the right-of-way to other vehicles
and pedestrians before turning on red; and

5. unique problems that occurred as a result of

statewide implementation of the general permissive
rule,

Study Approach

To accomplish the objectives of the field studies, data were
collected at 48 urban and rural intersection approach legs located
throughout the state. Because the data were collected using the
procedure established for the 1975 RTOR study, the results of the
two studies were comparable. In addition, , the stgdy results were
compared to the findings of other studies.(5,8,14 Because the
intersections were selected at random, the data were felt to be
representative of typical RTOR and LTOR conditions, and the results
were extrapolated to apply to all signalized intersections in
Virginia.

Study Sites

Although each study site was selected at random from the popu-
lation of all signalized intersections, general guidelines were
used to assure the sites were representative of the population.
Specifically, the sites were chosen to represent wvarious!ivolumes
of vehicle and pedestrian traffic, geometrical features, signal
phasing and timing, land use, and environmental characteristics.
For the purpose of comparison, data were collected at 10 approaches
used in the 1975 study. Also data were collected at several prob-
lem sites identified by law enforcement and traffic officials.



As shown in Table 1, primary emphasis was given to collecting
data at sites where RTOR maneuvers were permitted. An attempt was
made to collect data at one approach in each major region of the
state where RTOR was prohibited by a sign; however, weather con-
ditions, scheduling problems, and other contingencies limited
collection of data at these sites to three locations. In compari-
son to intersections where RTOR maneuvers were permitted, there
were few intersections of two one-way streets in Virginia, thus
the LTOR maneuver was given less attention than RTOR. Although
the original plans for the study included the collection of data
at .intersections where LTOR was prohibited, no such sites were
selected because driver utilization of LTOR was found to be low.¥

Of the 48 approaches investigated, 10 (21%) were located in
rural areas and towns with a population of less than 25,000. The
other 38 approaches were located in major urban areas. As 1,925
of the state's 8,994 (21%) intersection approaches are in rural
areas and small towns, both rural and urban areas were proportionally
represented by the test sites. Other characteristics of the study
sites are given in Appendix D.

Table 1

Classification of Field Study Sites

Type of Maneuver Number of Signalized Intersection Approaches
Statewide Sites Studied

RTOR Permitted 8,99y 40

RTOR Prohibited 1,740 3

LTOR Permitted 135 5

LTOR Prohibited 49 0

Data Collection

Data were collected at the 48 study sites between November 1
and December 22, 1977. Observations were made for a four-hour
period at each site on weekdays after 12:00 noon on Mondays and be-
fore 12:00 noon on Fridays. Data were not collected during the

*During data collection at two of the five sites where LTOR maneuvers
were permitted, no left turns on red were observed.
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Thanksgiving holiday (November 24 and 25). As a general rule the
observations were made from 7:00 a.m. until 11:00 a.m. and from
2:00 p.m. to 6:00 p.m.; consequently, each sample included either
the morning or afternoon peak period and several off-peak hours.
Most of the data were collected when the pavement was dry; how-
ever, because of time limitations, some observations were made
during rain. All data were taken under normal traffic conditions;
i.e., intersections in the vicinity of roadway construction or
under repair were not selected for study.

For each intersection, data were collected at one main street
approach and at the adjacent (right-hand) cross street approach.
The data were collected during alternate l5-minute periods as
described in the Council's 1975 RTOR report.(3) The observations
were made from a concealed position to reduce the possibility of
influencing motorist behavior. To supplement the field data,
35-mm slides and super 8-mm color movies were taken to depict
typical RTOR and LTOR situations.

The data were collected by a three-person team. The tasks
of the observers are outlined in Table 2. To reduce observer error
and bias, the team received office and field training for two weeks
prior to data collection and performed the same tasks throughout
the study. To supplement the training, instructions for collectin%
data were prepared and used as a reference during the field work. (15

Table 2

Data Collection Task

Observer Task
Team Select study intersections and complet:

intersection data form.

1 , Team leader in charge of coordinating
field data collection activities.
Responsible for collecting data on
RTOR and LTOR conflicts and unusual
maneuvers.

2 Record right turn delay and driver
acceptance ofand compliance with RTOR
and LTOR. Photograph study approaches
and randomly film driver behavior.

3 Record approach volumes, opposing
traffic maneuvers, and pedestrian
activity.
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Data collected at each approach included descriptive informa-
tion of the intersection, e.g., the geometry; signal type, phasing
and timing; posted traffic regulations; weather conditions; right
(or left) turn delay; driver acceptance of and compliance with
the general permissive law; RTOR and LTOR traffic conflicts and
unusual maneuvers; and traffic and pedestrian volumes. Descrip-
tions of the major variables are given below.

Delay Data

The time right (or left) turning vehicles were delayed was
measured with a stopwatch and recorded to the nearest second. The
delay time was defined as the time the vehicle was stopped at the
approach, including the time the vehicle advanced in position as
a result of another motorist making a turn on red. The delay time
did not include deceleration time needed for initially stopping at
the approach or acceleration time required for making the turn. To
eliminate a biased sample, the turning vehicles were selected at
random from the first six right (or left) turning delayed vehicles,
i.e., assuming that more than six vehicles were delayed during
the same red phase.

Acceptance Data

The term "acceptance" was defined as an obvious attempt by a
motorist to turn on red even through traffic or pedestrians legally
using the intersection may have prevented the maneuver. A separate
count was made of each motorist who completed a turn on red, in-
cluding turns when the maneuver was prohibited by a sign. A
motorist was classified as rejecting a turn on red if (1) he was
driving the lead vehicle, (2) there were sufficient gaps in the
the opposing traffic stream (6 seconds of gap time or more); and
(3) he obviously made no attempt to turn on red. A motorist who
initially rejected the maneuver but later, within the same red
phase, turned on red was recorded as accepting RTOR or LTOR.

Compliance Data

Driver compliance with the general permissive law by stopping
before turning on red was measured by observing motorists' behavior.
The four categories used to record compliance were: (1) A complete
stop followed by some delay; (2) a pause where the motorist came to
a complete stop but immediately turned on red with little or no
additional delay; (3) a creep where the motorist did not come to
a complete stop but proceeded to make the turn slowly at a low
speed; and (4) a run-through where the motorist did not attempt
to stop and made the turn on red at the speed of a normal turn on
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green vehicle. The complete stop and pause are comparable to
the complete stop criteria used in the 1975 report and the creep
and run-through are comparable to the definition for not stopping.

Traffic Conflicts and Unusual Maneuver Data

Traffic conflicts and unusual maneuvers are also measures of
driver compliance and safety. For the purpose of this study, only
RTOR or LTOR traffic conflicts were recorded because time limita-
tions did not permit training the observer to identify the various
conflict patterns associated with all maneuvers at intersections.
Movies of RTOR traffic conflicts filmed during the 1975 study were
used as a basis for training the observer. The training was re-
inforced by field observations made during the preliminary tests.

The unusual maneuver data included the following motorists'
actions.
1. Horn honking to encourage RTOR and LTOR.

2. Cutting through driveways for businesses to
avoid the red light.

3 Using shoulder to turn on red.

4, Running the red light (not RTOR or LTOR).
5 Stopping on green for no apparent reason.
6

Turning left on red on streets carrying
two-way traffic.

7. RTOR or LTOR motorists not yielding to other
traffic or pedestrians.

8. Inefficient use of the green phase time as a
result of RTOR or LTOR maneuvers.

9. Turning on red from the wrong lane.

10. Delaying pedestrians by RTOR and LTOR maneuvers.

Vehicle and Pedestrian Traffic Volume Data

The number of vehicles and the directional movement, i.e.,
left, through, or right, were recorded for each approach. In
addition, the number of vehicles legally using the intersection
that prevented a motorist from making a turn on red maneuver from
the study approach was recorded. The number of pedestrians who
crossed the study approach and the number crossing the adjacent

10



right-hand approach (for an RTOR site) or the adjacent left-hand
approach (for an LTOR site) were also counted. The pedestrians
crossing during the red phase on the study approach were noted
separately from those who crossed during the green phase. The
vehicle and pedestrian traffic volume data are not usable measures
of operations or safety in their raw form but are used in con-
junction with various other data throughout the remainder of the
report, '

Data Reduction

After the data were collected for each intersection, the forms
were examined for recording mistakes and other errors. The data
were then manually tabulated and the results were arrayed in various
tables to facilitate keypunching.

Accident Studies

Because turn on red accidents are not specifically coded on
accident reports in Virginia, the existing traffic records system
cannot be used to conduct a comprehensive statewide analysis of
these crashes. To provide an estimate of the impact of the general
permissive law on accidents, a two-part analysis was employed.

First, to determine the total number of accidents that could
be attributed to turn on red maneuvers in Virginia during 1977,
law enforcement and traffic officials were asked to submit a sum-
mary of accident experience with their questionnaire results.
After the questionnaire data were tabulated, the accident summaries
given by the enforcement and traffic officials for each jurisdic-
tion were combined and duplicate reports were eliminated.

The second part of the study consisted of examining the effect
of RTOR on the accident history at specific intersections. To ac-
complish this task, the Accident Section of the Department of
Highways and Transportation's Traffic and Safety Division prepared
collision diagrams for 18 intersections located throughout the
state. Because there is a considerable time differential between
the date accidents are reported and the date the Department re-
ceives the report, the data cover only a six-month before and a
six-month after period. RTOR crashes were identified by information
contained on the accident data work sheet and the collision diagram.
As the LTOR law did not become effective until July 1, 1977, it was
not possible to examine the effects of LTOR on the intersection
crash rate.

11
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Fuel Savings and Other Benefits

Permitting RTOR and LTOR maneuvers at intersections reduces
the time vehicles are delayed by red lights.(3,8,14) Because
vehicle engines operate inefficiently at low speeds and when
idling, a reduction in engine idling time saves fuel. An esti-
mate of the fuel saved annually by statewide implementation of
the turn on red laws was determined utilizing the following
formula:

FS = NA x TS x EC,
where

FS =  fuel saved annually due to RTOR or LTOR, in gallons;

NA = number of approaches at which RTOR or LTOR maneuvers
are permitted;

TS = time saved annually per intersection approach, in
hours; and

FC = fuel consumption of the average vehicle at idling

conditions, in gallons per hour.

The data for the fuel savings formula were derived from_ the
field studies and from the data given in other reports.(3,8,16)

In addition to permitting fuel savings, reduced delay also

improves air quality. A discussion of the affect of RTOR and LTOR
on vehicle emissions was based on a review of the literature.

Factors Affecting RTOR Maneuvers

Several factors that affect the number of RTOR maneuvers at
an intersection aﬁgroach have been investigated by various re-
searchers.(3,5,8,1%,17,18,19,20) However, most of the authors
examined only a few variables and data collection generally was
limited. Because field data collected at the 40 RTOR approaches
offered a large sample size with a wide range of characteristics,
an examination of the factors that influenced RTOR was conducted.
Knowledge of the major factors affecting RTOR is important when
considering the impact of RTOR at an intersection where instal-
lation of a signal is being considered or when an existing signal
system is redesigned.

12



A stepwise multiple linear regression technique was used to
examine the relationship of eight independent variables to the
dependent variable, i.e., the number of RTOR maneuvers. The eight
independent variables were length of the red phase on the approach;
type of right turn lane, i.e., exclusive turn lane, combined right
turn and through lane, or single approach lane; pedestrian volume;
posted speed limit on the opposite cross street; opposing traffic
volume; number of delayed right turns; percentage of right turns
comprising the total approach volume; and the number of right
turns. Obviously, there are correlations between some of the
independent variables; however, the objective of the procedure was
to determine which variables taken either individually or in com-
bination, were significantly related to the dependent variable.
The independent variables were specifically chosen because they
are intuitively appealing and can be estimated or easily measured
without expensive equipment.

The data were arranged in a 9 x 40 matrix and keypunched. A

multiple regression program available on the Hewlett-Packard 2000C
system was employed to perform the analysis.

Guidelines for Prohibiting Turns on Red

One of the concerns expressed by traffic and safety officials
was that the new turn on red laws were not uniformly implemented
in the state. Because traffic engineers in each jurisdiction are
responsible for implementing traffic regulations, a variety of
interpretations are possible. To examine the manner in which the
legislation was implemented, traffic officials were requested, by
means of the questionnaire, to list their reasons for prohibiting
RTOR and LTOR and to enclose a copy of their guidelines. These
data, along with the results of the field observations and a re-
view of the national guidelines, were used to develop recommenda-
tions to encourage uniform statewide implementation of the legis-
lation.

ANALYSIS

The analyses of the study data for each of the major tasks are
given below. In most cases, a general overview of the study re-
sults is presented, then the specific findings relative to RTOR
and LTOR are given.

13
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Questionnaire Survey of Law Enforcement Officials

As 95% of the law enforcement officials responsible for en-
forcing traffic regulations in Virginia's cities, towns, and rural
areas responded to the questionnaire, it is appropriate to con-
clude that a summary of their experience provides considerable
insight into the statewide impact of the general permissive laws.
An overview of the survey results, which are given in the question-
naire in Appendix A, indicates that —

l.

the laws have not created problems and should be
retained;

some of the signs prohibiting RTOR and LTOR should
be removed;

some motorists do not come to a full stop before
turning on red; and

additional education through driver's training
courses, the driver's manual, and news media
publicity would be beneficial to motorists.

Right Turn on Red

Part A of the survey, questions 2 through 6, specifically
addressed the subject of RTOR. A summary of the responses is
given below.

1.

Of the 75 officials responding, 68% felt that
RTOR had created no enforcement problems, 29%
felt that the maneuver had created a minor
problem, and no one felt that it had led to a
major problem,

Generally, motorists' compliance with the RTOR
law was rated as good or excellent; however, a
majority of the officials (51%) gave motorists a
fair or poor rating for not coming to a complete
stop before turning on red.

Eighty percent of the respondents were not aware
of any accidents attributable to RTOR maneuvers.

Less than half (43%) of the officials reported
having received public comments concerning the new
law and most of the comments had been in favor of
RTOR.
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Ninety-five percent of the officials felt that the
RTOR law was beneficial and should be retained.

One official felt the law should be rescinded be-
cause motorists fail to yield to pedestrians and
small vehicles, and another respondent suggested
that the law be amended to require motorists to
remain stopped until the pedestrian walk signal
has terminated.

Left Turn on Red

Part B of the survey, questions 7 through 12, pertained to

LTOR.

In Virginia, there were only 18 cities with signalized inter-

sections where a one-way street intersected a one-way street. Of-
ficials from all 18 of these cities responded to the questionnaire
and a summary of their opinions is given below.

l.

Seventy-two percent of the officials felt that
LTOR had created no enforcement problems, 28%
felt that the maneuver had created a minor
problem, and no one felt that it had presented
a major problem.

The majority of respondents felt that motorists'
compliance with the LTOR law was good or excellent;
however, the officials felt that motorists' knowledge
of the law was only fair or poor.

Only one official indicated that LTOR maneuvers had
been observed at intersections other than intersections
of one-way streets.

None of the respondents were aware of any accidents
attributable to LTOR.

Only 17% of the officials reported having received
public comments concerning LTOR and most of the re-
marks had been in favor of the law.

Eighty-nine percent of the officials felt that the
LTOR law was beneficial and should be retained.

One official felt that the law was confusing to the
public and should be rescinded, and another respondent,
who apparently was not familiar with the provisions of
the law, suggested that LTOR be allowed only at one-
way intersections and not from a two-way street onto

a one-way street.

15
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Questionnaire Survey of Traffic Engineers

The impact of the turn on red laws is primarily dependent
upon the number of approaches at which the maneuvers are per-
mitted. The sign permissive rule, in effect in Virginia from
July 1972 until January 1977, had a limited impact because the
maneuver was permitted at only 8% of the state's signalized ap-
proaches. (3) Although only 9% of the state's traffic engineers
favored the general permissive rule during the 1975 RTOR survey,
the researchers anticipated that, with that rule, RTOR would be
permitted at 80% of the approaches. This expectation was based
on experience found in other states that had switched from the
sign permissive to the general permissive rule.(3,8,20) To
examine the rate of implementation and assess the opinion of the
state's traffic officials, the questionnaire survey was con-
ducted. An overview of the survey results, which are given in
Appendix B, indicates that —

1. the number of approaches at which turns on red
are permitted is greater than was anticipated,
but, there is considerable variation in the rate
of implementation with some cities permitting the
maneuvers at all their approaches and other cities
totally prohibiting turns on red;

2. as anticipated, turns on red initially were pro-
hibited at a large number of locations, then after
some experience, there was a tendency to remove
many of the prohibiting signs;

3. traffic officials feel that many motorists do not come
to a complete stop before turning on red; and

4. most of the officials feel the laws are beneficial,

they have not created problems, and the legislation
should be retained.

Right Turn on Red

Part A of the survey, questions 2 through 11 pertained to
RTOR. A summary of the responses is given below.

1. As of December 1, 1977, RTOR was permitted at 8u4%
of the state's 10,734 signalized intersection ap-
proaches.
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There was considerable variation in the rate of
implementation of RTOR throughout the state. As
shown in Table 3, RTOR was permitted at all of the
approaches in some cities, while the maneuver was
totally prohibited in other localities. The pri-
mary reason for this variation is that there were
differences of opinion on guidelines used to prohibit
RTOR.

The major reasons cited for prohibiting RTOR were
inadequate sight distance at the approach, heavy
volumes of pedestrian traffic, and unusual inter-
section geometrics.

After experience with RTOR, there was a tendency for
traffic officials to permit the maneuver at locations
where they initially prohibited it. The officials
indicated that in the near future RTOR would be
permitted at 9,163 (85%) of the state's signalized
approaches.

Seventy-nine percent of the officials were not aware

of any accidents attributable to RTOR. However, 12
officials reported that 75 accidents, in which 4 persons
were injured, had been related to RTOR maneuvers. A
description of the accident problem is given in the
accident section of this report.

Most of the public comments that had been received by
traffic officials had been in favor of RTOR. A majority
of persons had requested the removal of prohibiting signs;
however, there had been some complaints that motorists

did not stop before turning on red.

Seventy-four percent of the officials felt that not
stopping before turning on red was a problem with RTOR.

Ninety-three percent of the traffic engineers felt the
RTOR law was beneficial and should be retained.

One respondent indicated that the RTOR law was confusing
and should be rescinded.

One official felt that the state should return to the

sign permissive law, and another felt that the law should
be amended to permit RTOR after yielding to other vehicles
and pedestrians.

17
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Table 3

Summary of RTOR Implementation

RTOR RTOR

Jurisdilction Permitted |Prohibited | % Permitted
Abingdon 24 0 100
Alexandria 378 78 83
Arlington County 517 68 81
Ashland 1 1 50
Blg Stone Gap 20 0 100
Blacksburg 43 7 86
Blackstone 2 23 8
Bluefileld 12 4 75
Bristol 92 40 70
Bristol District 42 2 95
Bedford 6 25 19
Buena Vista 0 24 0
Charlottesville 92 53 63
Chesapeake 95 12 89
Christiansburg 12 4 75
Clifton Forge 27 93
Colonial Heights 35 17 67
Covington 34 16 68
Culpeper 13 3 81
Culpeper District 181 15 92
Danville 115 14 89
Emporia 8 12 40
Fairfax 57 11 8u
Falls Church 84 13 82
Farmville 8 15 35
Franklin 19 8 70
Fredericksburg 51 28 65
Fredericksburg District 80 11 88
Front Royal 23 96
Galax 21 88
Hampton 395 12 97
Harrisonburg 38 4 96
Henrico County 122 19 87
Herndon 7 5 =9
Hopewell 61 35 G2
Leesburg 2 8 20
Lexington 5 28 15
Luray 0 4 ]
Lynchburg 150 37 30
Lynchburg District 87 i 96
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Table 3 (continued)
RTOR RTCOR

Jurisdicction Permitted | Prochibited | % Permitted
Manassas 4o 98
Manassas Park 4 100
Marion 19 68
Martinsville 71 63 53
Newport News 373 32 92
Norfolk 803 120 87
Northern Va. District| 1336 82 94
Norton 15 0 100
Petersburg 75 28 73
Pogquoson 4 0 100
Portsmouth 408 27 94
Pulaski 22 2 92
Radford 28 3 90
Richlands 6 1 36
Richmond 913 314 74
Richmond District 346 18 95
Roanoke 3285 136 70
Rocky Mount 5 3 63
Salem 104 12 90
Salem District 120 10 92
South Boston 18 3 86
South Hill o] 4 0
Staunton 73 9 89
Staunton District 61 29 68
Suffolk 33 10 79
Suffolk District 120 10 92
Tazewell 6 0 100
Vienna 36 0 100
Vinton 8 2 30
Va. Beach 392 98 80
Warrenton 10 2 83
Waynesboro 36 15 71
Williamsburg 30 1 97
Winchester 100 22 82
Wytheville 40 0 100
TOTAL 8994 1740 84
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Left Turn on Red

Part B of the survey, questions 12 through 22, pertained to
LTOR. A summary of the information from 18 respondents in local-
ities with LTOR is given below,

1.

10.

As of December 1, 1977, LTOR was permitted at 73%
of the state's 184 signalized intersections where
a one-way street intersected a one-way street.

Forty-four percent of the approaches at which LTOR
was permitted were located in the city of Richmond.
As shown in Table 4, there was considerable variation
in the rate of implementation of LTOR.

The primary reasons for prohibiting LTOR were inadequate
sight distance and heavy volumes of pedestrian traffic.

After initial experience with LTOR, traffic engineers
had made little change in permitting or prohibiting
the maneuver and no changes in the near future were
anticipated.

Five of the 18 officials noted that they had observed
motorists making a left turn on red at intersections
other than intersections of one-way streets; however,
these violations had been noted infrequently.

Traffic officials reported that 3 accidents had involved
LTOR maneuvers. Details of these accidents are given in
the accident section of this report.

Most of the public comments concerning LTOR had been
requests for information, i.e., questions about the
conditions under which an LTOR maneuver could be made;
and some persons had opined that the law was confusing.

Seventy-eight percent of the officials felt that motor-

ists were not aware of the provisions of the LTOR legis-
lation.

Seventy-eight percent of the traffic engineers felt the
LTOR law was beneficial and should be retained.

Three officials felt that the LTOR law was confusing
and should be rescinded.

20
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Table 4
Summary of LTOR Implementation
LTOR LTOR

Jurisdiction Permitted Prohibited % Permitted
Alexandria 3 0 100
Arlington County 3 0 100
Charlottesville L 0 100
Danville 4 0 100
Fairfax 1 0 100
Franklin 1 0 100
Fredericksburg 0 4 0
Harrisonburg 4 2 67
Lynchburg 2 10 20
Martinsville 1 3 25
Newport News 22 1 96
Norfolk 2 3 Lo
Petersburg 0 8 0
Richlands 2 0 100
Richmond 81 11 88
Roanoke 0 3 0
Staunton 2 4 33
Winchester 3 100
Total 135 49 73

Survey of Public Opinion

The ultimate success or failure of a traffic control device
is primarily dependent upon public acceptance of the device.
During January and October 1977, telephone interviews were con-
ducted to examine public awareness of and attitudes toward the
turn on red legislation. The questionnaires are shown in Appendix
C and the results of the surveys are summarized below.

21



January Survey of RTOR

In an attempt to evaluate the effectiveness of the RTOR
public information campaign conducted during the fall of 1976
and the spring of 1977, a public relations firm surveyed opinions
in three major urban areas. The results of the telephone survey,
as given in the consultant's report, are shown in Table 5 and the
findings are given below.

1. Only 2% of the respondents admitted that they were
not aware of the law, which indicated that 98% of
the people surveyed were familiar with the new legis-
lation. However, because opinions were not obtained
before the information campaign was conducted, the
specific effect of the program could not be determined.

2. The majority of persons surveyed could recite, with-
out aid, major precautions that should be taken be-
fore turning right on red; however, only 14% knew
that they should look for the No Turn On Red Sign.

3. Only 1% of the respondents did not know the pre-
cautions that should be taken before making an RTOR
maneuver.

4, Persons least likely to know of the RTOR law and the
necessary precautions were from the following socio-
economic groups:

a. Under 25 years of age
b. Retired

c. Females

d. Income under $5,000

e. Less than high school education

22
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Qctober Survey of RTOR and LTOR

To determine the residual effect of the RTOR campaign on
driver attitudes and knowledge of the law, a statewide telephone
survey was conducted. The results of the survey, taken from the
Council's report, are shown in Table 6 and are summarized below.(13)

1. Over 41% of the persons surveyed knew the meaning
of right turn on red and could recite the necessary
precautions that should be taken when turning on
red.

2. Over 88% of the respondents gave either a correct
or partially correct definition of RTOR.

3. Over 11% of the respondents did not know the meaning
of RTOR. While this figure was greater than the 2%
value found in the January survey of urban area resi-
dents, there was still a high level of knowledge of
RTOR by the state's residents.

4. Ninety percent of the respondents approved of the
general permissive RTOR rule, while 7% did not approve.

5. Only 15% of the persons contacted noted that they had
experienced difficulties with RTOR, and most of the
problems cited involved being delayed by a motorist
who did not turn on red.

6. Persons who drove few miles per year, older people who
had not taken driver education, and respondents who
displayed a low level of vehicle safety awareness were
most likely not to be aware of RTOR and not to approve
of the law.

During June and July 1977, the Department of Transportation
Safety sponsored a public information campaign to inform Virginia
motorists of the new LTOR law. Because there are few inter-
sections in the state where LTOR is applicable, the campaign was
minimal when compared to the RTOR effort. To examine public aware-
ness and knowledge of LTOR, the Council's October telephone survey
included two questions concerning the law. The results of the
survey are presented in Table 7 and the findings are summarized
below.

1. Only 19% of the respondents gave a completely correct
definition of LTOR, and only 13% gave a partially
correct answer. Although these results indicate that
the meaning of LTOR was not widely known throughout
the state, in Richmond, where 50% of the LTOR approaches
were located, over 61% of the residents surveyed gave a
correct or partially correct answer.

2, Over 64% of the persons surveyed approved of LTOR,
while 25% did not approve.
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Table 6
Results of Questions Dealing With

RIGHT TURN ON RED

e

UC

;1

N N

Response Frequency (%)

Definition®* of Right Turn on Red

Completely correct Ll.4

Partially correct 47.1

Incorrect/don't know 11.5
Approval of current right turn on red practice

Yes 90.2

No 7.3

No answer 2.5
Experienced difficulties with right turn on red

No 858.2

Yes

Too many prohibitive signs

Stopped cars where RTOR possible
Conflicts with left turning vehicles
Pedestrian problems

Other

WHNEN
ENNWOWFEN

*"Completely correct" meant that the respondent not only knew
that a right turn could be made at a red light, but also the
condition under which it could be made. '"Partially correct"
meant that the reipondent knew only that a right turn on red

could be made.
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Table 7
Results of Questions Dealing With

LEFT TURN ON RED

Response Frequency (%)

Definition® of left turn on red

Completely correct 19.0
Partially correct 13.4
Incorrect/don't know 67 .6

Approval of left turn on red policy

Yes 63.9
No 25.3
Undecided 10.8

*"Completely correct" meant that the respondent knew not only
that a left turn could be made on red but also the conditions
under which it could be made. (13

Field Studies

Data collected at 48 intersection approaches are summarized
below.

Right Turn On Red

Operational and safety data were collected at 40 sites at
which RTOR was permitted and at 3 sites at which the maneuver was
prohibited. The results of the analyses of these data are given
below.

Delay Data

The purpose of measuring the delay of right turning vehicles
was to examine the savings in time and energy achieved by permitting
RTOR. A precise method of determining these savings would be to
measure right turning delay at every intersection approach in the
state for a period of one-year before RTOR was implemented and for
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a one-year after period. The difference between the measurements
would be the saving attributable to RTOR, assuming that no improve-
ments in the traffic signals were made. Because it is not econom-
ically feasible to measure the delay at the 8,994 RTOR approaches,
the savings were estimated with the use of inferential statistics.

The delay savings were estimated by comparing the mean delay
per delayed right turn vehicle at the 40 intersection approaches
with delay measurements recorded during the Council's 1975 study.
Several comparisons were made using the t statistic and the results
are shown in Table 8. Prior to the comparisons, the 1975 data,
which were recorded for a 1l2-hour period, were adjusted to cover
the same UY-hour morning or afternoon periods used during the 1977
field studies. As expected there were no significant differences
in the mean delay when the 1975 12-hour data were adjusted to a
L-hour period; however, as shown in Table 8, the difference in
the mean delay between the before and after period was statis-
tically significant.

Table 8

Intersection Delay Comparisons

Comparison Number | Average Intersection t Statistic Significance
of Mean Delay Per a =~0.01
Sites Delayed Right
Turning Vehicle,
In Seconds
Adjusted 1975 Before 15 25.61 5.97, 14 d.f. Yes
vs. 1975 After 15 10.90
Adjusted 1975 Before 15 25.61 0.31, 16 4.f. No
vs. 1977 RTOR Pro-
hibited 3 27.26
Adjusted 1975 After 15 10.90 1.39, 83 4.f. No
vs. 1977 RTOR Per-
mitted 40 14.67
Adjusted 1975 After 6 9.85 0.48, 5 d.f. No
vs. Same 1977 Sites 6 g.13
1977 RTOR Permitted 40 14.67 2.60, 3 4.f. No
vs. 1377 RTOR Pro-
hibited 3 27.26
Adjusted 1975 Before 15 25.61 4.05, 30 4.f. Yes
vs. 1977 RTOR Per-
mitted 40 14.67
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A summary of the delay data at the study sites is given in
Appendix E. The average intersection delay per delayed right
turning vehicle was 14.67 seconds for the 40 RTOR sites. While
14.67 seconds was greater than the 10.90 seconds measured during
the 1975 study of 15 RTOR sites, the difference was not statis-
tically significant. However, the difference between the 1975
before mean delay of 25.61 seconds and the 1l4.67 seconds delay
recorded at the 40 sites was significant. Data at the 3 sites
at which RTOR was prohibited are also shown in Table 8; however,
it should be noted that the sample size was too small to be con-
sidered statistically reliable.

As a further comparison, vehicle delays were recorded at 6
of the approaches used during the 1975 study. The results of
this comparison also are not significant, which indicates that
there was no significant difference in right turning delay at
these sites during the two years between the studies.

Results of the tests indicate that the savings in delay time
attributable to RTOR did not change since the data were collected
in 1975. Thus, with RTOR, the average motorist saved 1l4.l1 seconds
and the total savings per approach per day was 5,647 seconds.

Acceptance Data

The time and energy savings attributable to RTOR are dependent
upon the number of motorists who take advantage of the opportunity
to turn on red. During the study 3,231 right turns were observed
at the 40 RTOR sites; 1,296, or 40%, of these were made on green.
For the 60% of the turns that were delayed, 93 motorists rejected
the opportunity to turn on red and 1,091 turned on red. Thus the
average RTOR utilization (No. RTOR/No. Right Turns) was 34%. Simi-
lar measurements were made in 1975 at the 15 sites at which RTOR
maneuvers had been permitted for only one month and the results
indicated that the utilization rate was 25%. However, in that
study data also were collected at 13 sites at which RTOR had been
permitted with a sign for more than one year and the results indi-
cated a utilization rate of 36%. As a further basis for compariscon,
an Indiana study conducted one year after general permissive RTOR
maneuvers were allowed indicated that the utilization was 20%.(5)
The FHWA researchers found that the utilization rate for the per-
missive rule was 21%.(8 These data show that the utilization
rate in Virginia was equivalent to the rate under the old sign
permissive rule and considerably higher than the rate found in
other states with the general permissive rule. There had been
some concern that drivers' utilization of RTOR would be lower
with the general rule because there would be no sign to remind
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motorists to turn on red. The data clearly did not support
this hypothesis.

Another method of examining driver acceptance of RTOR is
to determine the percentage of motorists that accept an opportu-
nity to turn on red (No. Accepting RTOR/Total No. RTOR Opportuni-
ties). These data for each of the 40 sites are given in Appendix
F. Of the 1,184 motorists who had an opportunity to turn on red,
92% did so. This high rate of acceptance was equivalent to the
level found in the 1975 study. The data also indicate the rate
of acceptance was somewhat uniform throughout the state, except
for some small towns where there were few signals and drivers
were not frequently exposed to the maneuver. Although a direct
cause and effect relationship was not established, it was felt
that the publicity campaign significantly increased driver aware-
ness of RTOR which,in turn, resulted in the high rate of RTOR
utilization.

At the 3 sites where RTOR was prohibited, no illegal RTOR
maneuvers were observed. Although the sample size was too small
to permit a generalization of the results, the data did support
the opinions of the law enforcement and traffic officials who felt
that most motorists complied with the NO TURN ON RED signs.

Compliance Data

The general permissive RTOR law requires motorists to come
to a complete stop before turning on red. To test driver com-
pliance with the law, observations were made of motorist behavior
at the 40 RTOR sites. The results of these observations are given
in Appendix G. Of the 1,091 RTOR maneuvers observed, in 126 (X1%)
of ‘them, the motorists did not come to a complete stop. During
the 1975 study, at the 15 sites where RTOR had been permitted for
one month before the data were collected, 3% of the motorists did
not stop before making the maneuver. However, at sites where
RTOR had been permitted by a sign for a year or more, 9% of the
motorists did not stop. Although there is much discussion in the
literature of motorists not stopping before turning on red, com-
parative figures could not be found. The FHWA study did not
address the subject; however, an Indiana researcher found that
many drivers do not come to a complete stop before turning on red,
but the results were not expressed quantitatively.(5,8

When compared to the percentage of drivers who fail to stop
at a STOP sign, the 11% RTOR noncompliance figure is not unusually
high. For example, in a Chica%o study, 53% to 76% of all drivers
failed to come to a full stop.(21) However, if only motorists
travelling in excess of 5 miles per hour had been considered, the
violation rate would have been between 5% and 10%. If the motorists
who made an RTOR at a slow speed had not been considered in the
Council study, the violation rate at the 40 sites would have been 7%.
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As shown in Appendix G, there was considerable variation in
the violation rates at the study approaches. Nearly half (u48%)
of the violations occurred at 2 approaches. Most of the violations
occurred at sites with 3-phase controllers. The observation team
reported that most drivers who failed to stop at these locations
did so when there was no oppesing traffic. Also, no serious
vehicle or pedestrian conflicts were observed as a result of
motorists not coming to a complete stop. While RTOR violations
did not appear to be causing a serious problem, increased public
awareness through selective enforcement and news media articles
may be desirable. As indicated in the questionnaire survey, law
enforcement officials were aware of RTOR violations.

Traffic Conflicts and Unusual Maneuver Data

A traffic conflict is an evasive maneuver, as indicated by
a brake light or a lane change, taken by a driver to avoid a
collision with another vehicle or pedestrian. RTOR traffic con-
flicts definitions were developed during the 1975 study and are
described in Appendix H.

Traffic conflicts associated with RTOR were observed at only
18 of the 40 study sites. A summary of the conflicts data is given
in Appendix I. Of the 46 conflicts observed, 34 (74%) were caused
by a motorist making a turn on red in the path of a motorist trav-
eling through the intersection on a green signal. Only 4 pedestrian
conflicts were observed and none of the conflicts involved near miss
or serious incidences. These findings were similar to the results
that had been obtained during the 1975 study and indicated that-
statewide implementation of the general permissive rule had not
resulted in a more hazardous condition for motorists or pedestri-
ans.

The conflicts data also support the following statements.

1. There was no evidence to suggest that RTOR should
have been prohibited at intersections where a
separate signal phase permitted left turns or
pedestrian movements.

2. Because few RTOR conflicts were observed, statistical
relatlonshlps between RTOR conflicts and volume,
geometrics, and other intersection characteristics
could not be ascertained. However, RTOR conflicts
appeared to occur more frequently at intersections
with heavy main line wvolumes and long signal cycles.
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3. The conflicts data suggested that most RTOR drivers
yielded the right-of-way to other vehicles and
pedestrians using the intersections.

In addition to the specific field data previously discussed,
the observers also noted any unusual or unique motorist actions.
A summary of these data is given below.

1. At some locations motorists stopped for a red light
in the through lane would back up, move into the
right lane, and make a turn on red. These maneuvers
did not appear to create a hazardous condition.

2. At several locations drivers would use a shopping
center or service station entrance to avoid stopping
at a red light.

3. In a few cases, drivers would honk their horns to
encourage a motorist to turn on red. This practice
was not widespread and did not occur frequently be-
cause drivers' utilization of RTOR was high at most
locations.

4. RTOR motorists did not appear to cause any delay or
hazards to pedestrians. When pedestrian volumes were
heavy, there were fewer RTOR maneuvers than during off-
peak hours. However, the data collection team observed
that most vehicle-pedestrian conflicts occurred during
the green phase, but the frequency of these conflicts
was not recorded because data collection was limited to
RTOR conflicts.

5. During the observation periods, 10 motorists ran the red
light (not RTOR). These violations occurred at 8 locations.
A further discussion of this problem is given in the Acci-
dent Analysis section of the report.

6. Some motorists used the shoulder to make a turn on red
at 2 approaches. The maneuver did not appear to create
a hazardous condition for motorists or pedestrians.

7. One motorist stopped on a green signal for no apparent
reason, then proceeded through the intersection. The
concern, as expressed by several traffic officials, that
widespread implementation of RTOR would result in some
motorists stopping on green as well as on red had not
materialized.
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8. At several intersections, a number of miscellaneous
traffic violations, e.g., making a left turn or a U-
turn where the maneuvers were prohibited by a sign, or
using an exclusive right or left turn lane to travel
through the intersection, were observed. These viola-
tions appeared to be unique to the site and unrelated
to the RTOR maneuver.

Left Turn on Red

LTOR maneuvers have been allowed in some states for a
number of years. In view of the fact the practice is recom-
mended in the Uniform Vehicle Code and the Manual on Uniform
Traffic Control Devices, the impact of the law has not been the
subject of many investigations. In 1976, Kenneth Agent with the
Kentucky Division of Research conducted a questionnaire survey
of the use of LTOR, and in 1977 the National Highway Traffic
Safety Administration reviewed state laws allowing motorists to
turn on red.(6,4) The FHWA study did not address LTOR and the
movement was not included in the 1975 Council study because it
was not possible to collect emplrlcal data necessary to evaluate
the maneuver as LTOR was prohibited in Virginia at that time. (8,3)
The only documented field observations of LTOR that could be found

was a 1976 Indiana study of 8 intersection approaches; consequently,

there were little data available to serve as a basis for comparing
the results of the Virginia field studies.(5)

Operational and safety data were collected at 5 sites and the
results of the analyses are given below. Although the sample size
was too small to permit statistical reliability, the findings gave
an indication of the impacts of the LTOR legislation.

Delay Data

Because the LTOR legislation was implemented on July 1, 1977,
and data collection did not begin until the following November,
it was not p0581ble to make before and after delay measurements
at selected sites. It was originally anticipated that to prov1de
an estimate of the time saved delays would be recorded at sites
with LTOR and at sites where the maneuver was prohibited. The
difference in the mean values could then be compared statistically
and used to project probable savings. Data were not collected at
sites where LTOR was prohibited because no LTOR movements were
recorded at 2 of the approaches where the maneuver was permitted.
Thus, data collected at these sites were used to estimate before
conditions. A summary of the delay data is given in Appendix E.
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The average delay at intersections where no LTOR maneuvers
were observed was 21.38 seconds and the delay at sites with LTOR
was 15.10 seconds. The difference was not statistically signif-
icant (t = 1.47, 4 degrees of freedom), probably because the
sample size was inadequate. The values, however, as shown in
Table 9, were of the same order of magnitude as those recorded
at RTOR approaches. It is possible that the delay savings of
LTOR were similar to those found for RTOR.

Table 9
Comparison of LTOR and RTOR Vehicle Delay
Condition LTOR RTOR
No. Of Mean No. of Mean
Sites Delay, Sites Delay,
Seconds Seconds
Turn on Red Permitted 3 15.10 40 14.67
Turn on Red Prohibited 2 21.38 3 27.26

Vehicle delays were not recorded during the Indiana study;
therefore, no comparison data were available. If the weighted
group average of a typical LTOR motorist had been considered, as
opposed to the intersection averages given above, the difference
in the means (18.81 seconds without LTOR and 17.51 seconds with
LTOR) would have been only 1.3 seconds.

Because there were only 135 LTOR approaches in Virginia and
the other LTOR data indicated there were no major problems with
the maneuver, it was not considered economically justified to in-
crease the sample size. In view of the limitations on the sample
size, the best estimate of time savings attributable to LTOR was
found to be between 1.3 and 14.1 seconds. Assuming a proportional
relationship to RTOR, the total savings per approach per day was
between 520 and 5,647 seconds.

Acceptance Data

Of the total of 253 left turns made at the 5 LTOR study sites,
42% were made on green. As a comparison, 40% of the motorists
turned on green at the RTOR sites and an average of 63% of the
drivers turned on green at the 8 LTOR sites in Indiana.(®) The
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study data also showed that 26 motorists rejected the opportunity

to turn on red, while only 37 drivers made an LTOR. The average

LTOR utilization (No. LTOR/No. Left Turns) was only 15%, which

was considerably less than the 34% figure recorded for RTOR. How-
ever, at the Indiana sites the utilization rate was only 1%.(5)

The LTOR rejection rate in Virginia (10%) was also less than that
found in Indiana (20%). These data indicated that LTOR was utilized
more in Virginia than was reported in Indiana, but LTOR utilization
in the state had not approached the level of RTOR utilization.

Another method of examining driver acceptance of LTOR is to
determine the percentage of motorists who accept an opportunity to
turn on red (No. Accepting/Total No. of LTOR Opportunities). These
data for the 5 study sites are given in Appendix F. Of the 63
motorists who had an opportunity to turn left on red, 538% did so.
The acceptance rate for RTOR was 92%. The data show that acceptance
of LTOR was not uniform throughout the state. There were few LTOR
intersections in Charlottesville and Staunton, and no one made an
LTOR maneuver at those sites. However, in Richmond and Newport
News, which contained the majority of the LTOR intersections in
the state, the average acceptance rate was 88%, which was nearly
equivalent to the RTOR rate of 92%.

Although driver acceptance of LTOR was lower than that for
RTOR on a statewide basis, the rates were nearly the same in Rich-
mond and Newport News where exposure to LTOR was frequent. A pub-
licity campaign may increase LTOR utilization in the other 16
localities with LTOR intersections, but the benefits of the program
in terms of its cost would not be justified.

Compliance Data

Of the 37 LTOR maneuvers observed, only 1 (3%) of the motorists
failed to come to a complete stop before turning on red. Although
the sample size was small, it appeared that compliance with the
law was not a problem.

Traffic Conflicts and Unusual Maneuvers Data

Only 2 traffic conflicts associated with LTOR maneuvers were
observed at the 5 study sites. One involved a pedestrian but was
not a serious or near miss incident. The number of conflicts was
insignificant, which indicated that implementation of the general
permissive LTOR rule had not increased hazards for pedestrians
or motorists.
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A summary of the unusual maneuvers data is given below.

1. At one location several motorists were observed
traveling the wrong way on a one-way street. The
sequence of events that precipitated the wrong-way
driving are unknown as the drivers were traveling
in the wrong direction when they entered the study
site.

2. Drivers at one location used a side street to avoid
stopping at the red light.

3. The only incident that could be related to an illegal
LTOR maneuver occurred at an intersection carrying
two-way traffic. The motorist approached the inter-
section, stopped in the right lane for a red light,
then backed up, pulled into the left lane and made a
left turn while the light was red. Whether the motorist
made the maneuver because he was confused about LTOR or
not is unknown. The incident occurred in a city with
only 4 LTOR intersections and the maneuver was pro-
hibited at all of the approaches.

Accident Studies

The results of numerous accident studies of RTOR have indi-
cated that the maneuver does not have a significant effect on inter-
section accidents.(3,5,8,17,18) Several accident investigations
concerning LTOR have been conducted and no accident problems have
been found; however, the findings have been based on small sample
sizes.

To allow examination of the effect of the general permissive
rule on accidents, Virginia law enforcement and traffic officials
were requested to submit summaries of intersection accidents re-
lated to RTOR and LTOR. In addition, a six-month before and after
analysis of accidents at 18 RTOR intersections was conducted to
examine the effect of the maneuver on the accident frequency at the
intersections.

Right Turn On Red

A summary of the accident data submitted by the law enforce-
ment and traffic officials is given in Appendix J. The data do not
necessarily include all RTOR accidents that occurred during 1977
because some localities did not conduct an accident surveillance.
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In other cases, an accident may have involved an RTOR maneuver but
the investigating officer or persons involved may not have sub-
mitted a report because the property damage was less than the $250
limit required for filing a report. Even with these deficiencies
and other limitations normally associated with accident data, the
summary did provide an estimate of the magnitude of the accident
problem associated with RTOR. The pertinent findings of the acci-
dent study are given below.

1.

Seventy-five accidents involving RTOR motorists were
reported during the first year of the general permissive
rule in Virginia. This figure represents an insignificant
percentage of Ehe 142,270 crashes that occurred in Vir-
ginia in 1977. 22)

There were no fatalities during the study period; how-
ever, 4 persons were injured. Two of the U4 persons
injured were pedestrians.

Most of the accidents were not serious and involved
minor property damage.

The highest numbers of accidents occurred in Newport
News and Roanoke, where 18 RTOR crashes were reported
in each city.

Two of the accidents occurred at approaches where RTOR
was prohibited.

Factors that contributed to the accidents included
failure to yield the right-of-way, failure to stop be-
fore turning on red, poor driver judgement, changing
lanes, and making wide right turns.

In addition to the statewide inventory of RTOR accident data,
collision diagrams were obtained for 18 intersections to examine

the change in accident experience after implementation of RTOR.

A

summary of the accident data covering a six month before amd six
month after period is shown in Table 10, and the significant
findings of the analysis are given below.

1.

There was a 21% decrease in the number of accidents
after RTOR; however, the change was not statistically
significant (t = 1.09 with 17 degrees of freedom).

Of the 54 accidents that occurred in the after period,
7 involved a right turn maneuver. Four of the 7 crashes

were related to RTOR and 3 involved motorists turning on
green.
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Intersection Accidents

Table 10

Six Months Before and After RTOR

[
©a

Right Turn Disregarded
R ] ) No. of Accidents | RTOR Accidents on Green Stop Light
intersection Location 3efore 3efore sefore | After | Betfore | ALter
Rte. 60 & James City y 5 1
Rte. 30 and 160Y County
Rte. 1 & Rte. 73 Henrico County 3 8 1 1 1
Rte. 460 Town of Narrows 0 1 1
% Rte. 61 Giles County
Rte. 143 & Rte. 641 York County 3 3 1 2
Rte. 11 & Washington 1 0
Rte. 140 County
Rte. 17 & Gloucester 5 1
Rte. 216 and 1219 County 5 < 2 3
Rte. 53 & Rte. 501| Halifax County 7 6 2 2
Rte. 50 & Rte. 522 Frederick M 1 1
and I-31 Ramps County
Rte. 11 & Service Botetourt 1 >
Road (MP 24.36) County
Rte. 60/220 Allezhany 4 5 1 1
& Rte. 1104 County
Town of
nge'sgijgl Independence 1 0
: - Grayson County
Rte. 3 & King George
Rte. 301 County 5 4 1 3
Rte. 50 & Rte. 699| Fairfax County 7 6 2
Rte. 1 & From
150 ft. North of Chesterfield 5 0
Rte. 508N to 150 ft. County
South of Rte. 1411
Rte. 7 & Fairfax 5 6 1
Rte. 676 West County
Pittsylvania
Rte. 29 Bus. County 1 3
¥ Rte. 40 (Town of
Gretaa)
Town of
Rte. 1 & Dumfries 5 5 1
Rte. 234 Prince William < >
County
Rte. 11 & 115 Roanoke County 13 5
Total 63 54 0 2 3 12 12
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3. No fatalities or injuries occurred as a result of
the RTOR accidents. The primary factor that con-
tributed to these crashes was driver failure to
yield the right-of-way.

4., Implementation of the general permissive rule did
not appear to have increased accident occurrences
resulting from motorists disregarding the stop light.

The analysis indicated that RTOR did not have a significant
effect on intersection accidents. It is interesting to note that
84% of the traffic officials also felt that RTOR and LTOR did not
have a significant effect on the intersection accident rate (see
Question 25, Appendix B). Due to the limited length of the study
period, the sample size was too small to permit placing a high
degree of confidence in the results; however, the data support
the findings of previous studies. Accident experience at the
intersections will be collected and analyzed for two additional
before and after periods to monitor the effects of RTOR. Supple-
mental reports, which will cover one- and two-year study periocds,
will also address the crash rates at intersections and changes in
the severity of accidents and in crash patterns.

Left Turn on Red

As shown in Appendix J, from the time LTOR was implemented on
July 1, 1977, until the end of the year, only 3 LTOR related acci-
dents were reported in the state. The low frequency of accidents
was expected because of the limited number of LTOR intersection
approaches and the moderate rate of driver utilization of an
opportunity to turn left on red. The LTOR accidents involved
minor property damage and no injuries were reported. In one inci-
dence, the accident occurred as a result of a motorist making a
left turn on red at an intersection carrying two-way traffic. Al-
though the data base was limited, the findings suggested that
permitting LTOR had not resulted in a serious accident problem in
the state.

Fuel Savings and Other Benefits

The field studies data indicated that permitting turns on red
significantly reduced delay at signalized intersections. This re-
duction in delay also reduced fuel consumption and auto emissions.

To estimate these benefits on a statewide basis, several simplifying

assumptions were necessary. First the time saved per day at a
typical or average approach was obtained from the field data. Sec-
ondly, fuel consumption of an average vehicle was obtained from the
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literature.(3’23) While it was impossible to precisely measure
the saving attributable to the general permissive rule because of
the wide variety of intersection and vehicle characteristics in-
volved, the results gave an indication of the magnitude of the
benefits.

Right Turn On Red

The field data indicated that implementation of RTOR resulted
in delay saving of 5,647 seconds (1.57 hour) per day at the average
intersection approach. Gasoline consumption for idling vehicles
have been estimated to range between 0.63 gallon per hour for the
average auto to 0.89 gallon per hour for truck combinations; how-
ever, these data are based on vehicles built in the late 1960's.(23)
During the Council's 1975 study, the Ethyl Corporation and the Ford
Motor Company Emission Research Laboratory conducted tests on 1975
automobiles and found the fuel consumption rate to range from 0.6
to 0.8 gallon per hour.(3) As no studies were found that refuted
the validity of these data, the consumption rate of 0.70 gallon
per hour was selected as being representative of the typical ve=~
hicle.

The amount of fuel saved, FS, in Virginia during 1977 due to
implementation of RTOR at 8,994 intersection approaches is given
below.

FS = NA x TS x EC
FS = 8,394 approaches x 1.57 hour per day per approach
x 0.70 gallon per hour
FS = 9,880 gallons per day = 3.6 million gallons per year.

If the traffic engineers were to permit RTOR at additional
locations during 1978, as they indicated they would in the question-
naire survey, the implementation rate would be 85% and the annual
fuel savings would be 3.7 million gallons.

The estimated fuel savings are based on a reduction in stopped
delay due to RTOR. Man-Feng Chang et al. of the General Motors Re-
search Laboratories have shown that RTOR also saves time and fuel
as a consequence of other factors such as reduced queue lenéths and
coordinated signals in a typical urban traffic situation.(186) A
grid network study conducted by McGee et al., found that the aver-
age fuel consumption savings was 2.6% for all vehicles due to RTOR.(8)
While the numerical results of these studies cannot be extrapolated
to apply to all urban traffic situations, the analyses indicate that
the actual fuel saved due to RTOR is greater than the estimated 3.6
million gallons per year.
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Within the next several years increased uniformity in the
implementation of RTOR could yield greater fuel savings; however,
as greater fuel economy measures are built into future autos, the
fuel savings due to RTOR will decrease in proportion to the de-
crease in idling fuel consumption. Regardless of future engine
economy, RTOR will continue to significantly reduce delay and
conserve energy.

Implementation of RTOR also provides benefits in terms of
reduced vehicle emissions. A computer simulation analysis con-
ducted by McGee et al. indicated that RTOR reduced auto emissions
for most intersection configurations and volume conditions.(8)

The prediction of levels of carbon monoxide, hydrocarbons, oxides
of nitrogen, and other pollutants is a complex process which de-
pends upon the age of vehicles in_the population, meteorological
conditions, and other factors.(24%) Because a simplified procedure
of estimating amounts of emissions was not available, no estimate
of the statewide impact of RTOR on air pollution was attempted.

It is, however, logical to assume that RTOR would have a more bene-
ficial effect on air pollution in larger urban areas such as Rich-
mond, Northern Virginia, and the Southeastern Tidewater area which
contain the majority of the RTOR approaches than it would else-
where.

Left Turn On Red

Although the sample size was small, analysis of the field data
indicated that the delay savings due to LTOR varied from 520 to
5,647 seconds (0.14% to 1.57 hours) per approach per day. The amount
of fuel saved during the period July 1 through December 31, 1877,
at 135 LTOR approaches was estimated as

FS = 135 approaches x 0.1l4 hour per day per approach
x 0.70 gallon Per hour

FS = 13 gallons per day = 2,370 gallons per 6 months.

Assuming that LTOR savings per approach will be equivalent to
that of RTOR, the fuel savings are

FS = 135 approaches x 1.57 hours per day per approach
x 0.70 gallon per hour

FS = 1u48 gallons per day = 54,000 gallons per year,
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Factors Affecting RTOR Maneuvers

Intuitively, a variety of factors may be expected to influence
the number of RTOR maneuvers at an intersection approach. To ex-
amine the relationship between RTOR maneuvers and traffic and inter-
section characteristics, a stepwise linear regression technique was
employed. It should be emphasized that the purpose of this pro-
cedure was not to fit the data to a mathematical model, but to
determine which factors significantly affected RTOR measures, and
to develop a simple model which could be used to predict the number
of RTOR maneuvers at a specific approach. The basic selection
criterion of the independent variables was that they be easy to
measure or estimate from existing data.

As the first step in the modeling process, the relationship
between RTOR maneuvers and each of the 8 independent variables was
determined and the results are presented in Table 11. Based on
the study data, the best single predictors of RTOR activity are
number of delayed right turns, number of right turns, and percentage
of approach volume making a right turn. It is interesting to note
that the volume of pedestrian traffic and the wolume of vehicular
traffic on the opposing approach did not explain much of the vari-
ability in RTOR maneuvers, and were poor indicators.

The next step in the analysis was to combine several of the
independent variables to determine their effect on RTOR. After
numerous combinations were examined, a two-variable model was
selected. Standard regression statistics for the model are given
in Table 12.

The model is conceptually appealing because the independent
variables can easily be obtained for most intersection configura-
tions. The equation can be applied to examine expected RTOR
activity at an existing site or at a location where signalization
is being considered. In addition to traffic engineers, designers,
planners, and researchers also could use the model to estimate
RTOR benefits for alternative signal designs.
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Table 12

Regression Statistics for RTOR Model

Index Coefficient Standard t-Ratio
Error
Constant -24.51 5.45 -4.50
Xl’ Length of red phase, seconds 0.356 0.098 3.62
X2, Number of right turns per hour 0.439 0.0u2 10.49
2
R™ = 0.81 4 = 0.90
Standard Error of Estimate = 13.69 d.f. = 37

Regression equation is

Y = -24.51 + 0.356 Xl + 0.438 X2,
where
Y = average number of right turns on red at the study

approach per hour;

Xl = length of the red signal phase for the study approach,
in seconds; and

X2 = average number of right turns at the approach, per hour.

Guidelines for Prohibiting Turns on Red

In many cases, traffic engineers in states that switched from
the sign permissive rule to the general permissive rule initially
prohibited the maneuvers at a high number of locations.(3,8,20)
However, after a test period, many of the prohibiting signs were
removed. Based on the results of the survey of traffic engineers,
a similar phenomenon occurred during the first year of RTOR and
LTOR in Virginia; however, there was still considerable variation
in the implementation of the legislation.
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In May 1976, the Virginia Department of Highways and Trans-
portation developed and transmitted a copy of guidelines for
prohibiting RTOR to traffic officials in every urban area in
Virginia. The guidelines did not constitute a mandatory standard
but were offered to encourage uniform implementation of the law.
As shown in Table 13, the guidelines were not used by most
officials.

The variety of guidelines used resulted in RTOR and LTOR pro-
hibitions at more intersections than may have been necessary. For
example, it is usually not necessary to prohibit turns on red for
the following reasons: (1) "Walk - Don't Walk" phase on the ap-
proach leg, (2) separate left turn phase opposing RTOR, (3) exclusiwve
right turn lane cannot be provided, (4) short red phase on the ap-
proach, (5) heavy cross street traffic volume, and (6) cross street
traffic speed greater than 45 miles per hour. For 1977, RTOR was
found to be prohibited at 230 approaches for the above cited reasons
and LTOR was prohibited at 4 locations.

To encourage nationwide uniformity in turn on red prohibition
at intersections, on October 20, 1977, the FHWA transmitted the fina
MUTCD standards.é7) A copy of the standard is given in Appendix K
and the specific provisions are shown in Table 14. Because these
standards have been incorporated into the MUTCD, they should be
used in lieu of any other guidelines.

Table 13

Summary Guidelines Used to Prohibit Turns on Red in Virginia

Number of Responses Guidelines Used
28 No formal guidelines
20 VDHET guidelines — issued May 1977
3 FHWA guidelines
3 Developed own criteria
1 Guidelines in 1975 Council Report
20 No response

NOTE: Responses are to question 26 of the survey of traffic
officials (Appendix B).

by



Table 14

MUTCD Provisions for Prohibiting Turns on Red

A NO TURN ON RED sign may be considered whenever an
engineering study finds that one or more of the following
conditions exist.

1. Sight distance to vehicles approaching from the
left (or right, if applicable) is inadequate.

2. The intersection area has geometrics or operational
characteristics which may result in unexpected conflicts.

3. There is an exclusive pedestrian phase.

4, Significant pedestrian conflicts are resulting from RTOR
maneuvers.

5. More than three RTOR accidents per year have been iden=-
tified for the particular approach.

6. There is significant crossing activity by children, or
by elderly or handicapped people.

The standards were developed as a result of comprehensive
research conducted by a consulting engineering firm for the FHWA.
Dr. Hugh W. McGee, principal investigator for the study, prepared
an article outlining the findings and considerations involved in
the development of the MUTCD standards. The article was published
in the January 1978 issue of the Institute of Transportation Engi-
neer's magazine, Transportation Engineering (now ITE Journal), and
is reprinted in Appendix L with the permission of the author and
ITE. The article should be read by all traffic officials respon-
sible for prohibiting turns on red. It should be noted that the
results of the present study also support the MUTCD standards.

During the collection of the field data and the preparation
of this report, several problems in implementation were observed.
These problems are discussed below.

Signs Prohibiting RTOR and LTOR

The majority of NO TURN ON RED signs had been placed adjacent
to the signal head; however, in some jurisdictions the signs were
mounted in a post located on the approach. While intersection geo-
metrics and other signing occasionally dictate the location of the
prohibiting sign, it is important that the sign be placed where it
is most effective. Because the driver must observe the signal
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indication, it is desirable to place the sign in close proximity
to the signal for maximum effectiveness. Now that the general
permissive rule is used nationwide, uniform sign placement is

highly desirable to reduce the possibility of a motorist missing
the sign.

Traffic engineers in 5 Virginia areas were using a supple-
mentary sign, e.g., NO TURN ON RED — between 7 - 9 a.m. and 4 - 6
p.m., to permit RTOR except for certain hours. The supplemental
sign was used at approaches with heavy volumes of pedestrian
traffic and at school crossings to prohibit turns on red during
the hours of concentrations of pedestrian activities. Widespread
adoption of this practice is not recommended because if the MUTCD
standards are followed, turns on red will be permitted at most
locations.(8) However, if the traffic official perceives that a
pedestrian or safety problem exists for only a few hours during
the day, it would be more appropriate to use supplemental signing
than to prohibit RTOR or LTOR altogether.

The FHWA has completed a laboratory evaluation of symbolized
and printed message signs concerning a variety of traffic regula-
tions including RTOR and LTOR.(26) The researchers evaluated 3
symbolized and 2 message signs related to turns on red and found
that the symbolic sign shown in Figure 1 had the highest per-
formance rating of the group. The purpose of the report on the
evaluation was to provide empirical data to the National Advisory
Committee (NAC) to aid it in making decisions relating to sign
messages. As of this writing, no action has been taken by the NAC
regarding the symbolic no turn on red sign.

Figure 1. Symbolic NO TURN ON RED sign.
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Signal Detectors

Although during the study the occurrence was infrequent,
occasionally an RTOR or LTOR vehicle would activate a detector
causing the signal to delay main line traffic by allocating
green time to an empty approach. Similar incidences had been
observed during the 1975 field studies.(3) To increase the
efficiency of traffic flow, presence detectors should be used
when replacing old or designing new signal systems.

StoE Bars

One recommendation in the 1975 study report had been to off-
set stop bars on multilane approaches to allow the RTOR motorist
a clear view of the intersection. It was noted during the field
studies that, except for one city, localities had not followed
this recommendation. It was also observed that the stop bar
locations did not create any problems for RTOR motorists. Although
it is a preferred practice to offset the stop bar, it does not ap-
pear to be a necessary criterion for RTOR operations.

Pedestrian Safety

One of the major concerns with allowing turns on red is the
effect of the maneuvers on pedestrians. The field study team was
especially observant of pedestrian problems related to RTOR and
LTOR. Although the findings suggested that the effect of RTOR and
LTOR on pedestrian delay and safety was insignificant, there was a
general vehicle-pedestrian problem at signalized and unsignalized
intersections. As noted in the 1975 Council report, Virginia's
laws do not afford pedestrians the same degree of safety as do
laws in other states.(3) Revision of the pedestrian laws, as out-
lined in the 1975 report, and increased driver and pedestrian
awareness of the problem will be necessary to improve conditions.

Continuing Program

Most traffic regulations, including RTOR and LTOR, should be
periodically reviewed to ensure safe and efficient operation of
the system. Traffic officials in every jurisdiction should occa-
sionally review their signalized intersections and examine the
RTOR and LTOR operations. In view of the recent MUTCD standards
and the wide variation in the manner in which the general permissive
laws were implemented, it would be desirable for traffic officials
in every locality to inspect NO TURN ON RED sites to determine if
the prohibiting controls should be removed. Also, periodic spot
checks of turn on red sites should be conducted.
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SUMMARY OF FINDINGS

Right Turn on Red

Of the 75 Virginia law enforcement officials who responded
to the survey, 68% felt that RTOR was causing no enforcement
problems, while 29% indicated that it was a source of minor
problems.

Over 95% of the law officials felt that the new RTOR law
should be retained because the energy and time savings out-
weighed its disadvantages.

Law enforcement officials and traffic engineers felt that
motorists failing to come to a complete stop before turning
was a problem with RTOR.

Most of the public comments that had been received by law
enforcement and traffic officials had been in favor of the
RTOR law.

As of December 1, 1977, RTOR was permitted at 84% of the
state's 10,734 signalized intersection approaches.

There was considerable variation in the rate of implementation
of RTOR throughout the state.

The major reasons cited for prohibiting RTOR were inadequate
sight distance at the approach, heavy volumes of pedestrian
traffic, and unusual intersection geometrics.

After initial experience with RTOR, there was a tendency for
traffic officials to permit the maneuver at locations where
they originally had prohibited it. Several officials indicated
that they planned to permit RTOR at more locations in the near
future,

Of the state's 75 traffic officials responsible for implementin
RTOR, 93% felt the new law was beneficial and should be re-~
tained.

The results of a January 1977 survey of public opinion in 3
major urban areas indicated that 98% of the persons polled
were familiar with the new legislation. The high degree of
familiarity was probably attributable to the public informa-
tion campaign conducted during the latter part of 1976 and
early months of 1977.

The results of an October 1977 statewide survey of public
opinion revealed that only 41% of the respondents had a
complete understanding of RTOR; 47% of the respondents offered
a partially correct answer; and 7% did not know the meaning of
RTOR.
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22.

Over 90% of the respondents contacted during the October
survey approved of RTOR and 83% said they had not encountered
problems with it.

An analysis of field data collected at 43 sites revealed that
with RTOR a motorist saved an average of 14 seconds for every
delayed right turn.

With RTOR, an average of 5,647 seconds per day was saved at
a typical intersection approach.

Of the motorists who had an opportunity to turn right on red,
92% did. The rate of utilization was equivalent to the rate
found with the sign permissive rule, and it was higher than
reported in other states.

No illegal RTOR maneuvers were observed at approaches posted
with a NO TURN ON RED sign.

In 1,091 RTOR maneuvers, 11% of the motorists did not come to
a full stop. (During the 1975 Council study only 3% of the

motorists had not stopped.) No serious traffic or pedestrian
conflicts were observed as a result of motorists not stopping.

An insignificant number of traffic conflicts were observed
between RTOR vehicles and other vehicles and pedestrians.
Of these conflicts, none involved near miss situations.

RTOR motorists appeared not to cause any delay or hazards
to pedestrians.

A summary of accident data submitted by law enforcement and
traffic officials indicated that during 1977, .75 accidents
involving RTOR had occurred in the state. Four persons,
including two pedestrians, had been injured as a result of
these accidents; however, most of the collisions had involved
minor property damage.

A six-month before and six-month after analysis of accidents

at 18 RTOR intersections revealed that there was no significant
difference in the mean number of accidents after the intro-
duction of general permissive RTOR.

Estimated fuel savings in 1977 due to RTOR were 3.6 million
gallons.
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Factors found to significantly affect the number of RTOR
maneuvers were the number of delay right turns; the per-
centage of approach volume making a right turn; the number

of right turns; and the length of the red phase. A regression
equation was developed that can be used to predict the number
of RTOR maneuvers to be expected at an approach.

A variety of guidelines were used to prohibit RTOR at
approaches.

Left Turn On Red

For the 18 localities with LTOR, 13 (72%) of the law enforce-
ment officials felt that LTOR did not create any enforcement
problems, while 5 other officials indicated it was a minor
problem.

Over 89% of the law officials felt that the LTOR law was
beneficial and should be retained.

Law enforcement officials and traffic engineers felt that
motorists' knowledge of the LTOR law was poor.

Most of the public inquiries made to law officials and
traffic engineers had related to questions concerning how,
when, and where LTOR maneuvers could be made.

A few enforcement officials and traffic engineers indicated
that they had observed motorists turning left on red at
intersections with two-way traffic. Only one illegal left
turn on red maneuver was observed during the field study.

As of October 1, 1977, LTOR was permitted at 73% of the
state's 184 signalized intersections where a one-way street
intersected a one-way street.

Only 18 Virginia localities had the LTOR feature and 50%
of those approaches were in the city of Richmond.

The primary reasons for prohibiting LTOR were inadequate
sight distances and heavy volumes of pedestrian traffic.

After their initial experience with LTOR, traffic engineers

had made little change in permitting or prohibiting the
maneuver and no changes were anticipated in the near future.
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Over 78% of the traffic engineers felt that LTOR was
beneficial and should be retained.

Three traffic officials felt the LTOR law was confusing and
should be rescinded.

The results of an October 1977 statewide survey of public
opinion revealed that only 19% of the respondents had a
complete understanding of LTOR; 13% of the respondents gave
a partially correct answer; and 68% did not know the meaning
of LTOR. However, in the Richmond area, over 61% of the
persons contacted gave a correct or partially correct
definition.

Of the persons who responded to the statewide telephone survey,
64% approved of LTOR, while 25% did not.

Although the sample size was too small to permit placing a
high degree of confidence in the statistical comparisons, the
field study data indicated that with LTOR a motorist saves
an average of 1.3 seconds for every delayed left turn. There
is evidence, however, that LTOR savings at an approach will
be equivalent to the savings found with RTOR (lu4 seconds).

Of the 63 motorists who had an opportunity to turn left on red,
only 58% did so. In Richmond and Newport News the acceptance
rate was 88%.

In 37 LTOR maneuvers observed at 5 approaches, only 1 motorist
did not come to a complete stop before turning on red.

Only 2 traffic conflicts were observed between LTOR vehicles
and other traffic and pedestrians.

Since LTOR became effective on July 1, 1977, 3 accidents
involving LTOR motorists have been reported. These accidents
involved only minor property damage and no injuries were re-
ported.

The estimated fuel saving due to LTOR during the last 6 months
of 1977 was 2,370 gallons. Assuming the LTOR fuel saving per
approach will be equivalent to that of RTOR, the annual saving
is estimated to be 54,000 gallons.
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CONCLUSIONS

Based on an analysis of the study data, the general per-
missive turn on red laws appeared to be working very well in
Virginia. The laws had the overwhelming support of the state's
law enforcement officials, traffic engineers, and citizens.

Right turn on red has had a significant impact on improving
traffic flow at intersections and in saving motorists time and
fuel. The estimated annual fuel saving in Virginia was in excess
of 3.6 million gallons. With the new legislation, RTOR maneuvers
were permitted at 84% of the state's signalized intersection ap-
proaches. While there was a trend for localities to remove some
prohibitive NO TURN ON RED signs during 1977, there were still
considerable variation and inconsistencies in the manner in which
RTOR was implemented. When the general permissive rule came into
effect, there was a significant increase in the number of motorists
failing to come to a full stop before turning on red. Accidents
and pedestrian problems with RTOR appeared to be minor, with the
benefits of the legislation far outweighing any disadvantages.

Because there are few signalized intersections of one-way
streets in Virginia, left turn on red has not had the statewide
impact of RTOR. However, in the cities of Newport News and Rich-
mond, which contained the majority of the state's LTOR approaches,
LTOR appeared to be working as well as RTOR.

RECOMMENDATIONS

Based on the results of the study, the general permissive rule
has been favorably accepted by the motoring public and has received
the strong support of law enforcement and traffic officials. The
following recommendations are offered to encourage uniform imple-
mentation of the legislation.

1. Traffic officials should review all approaches
at which turns on red are prohibited to determine
if the prohibition is needed based on the MUTCD
standards shown in Appendix K. Periodic spot
observations of all RTOR and LTOR approaches should
be made to identify problem areas and ensure safe and
efficient movement of pedestrians and vehicles.

2. Selective enforcement of the requirement to come to a

full stop before turning on red would be desirable at
problem sites to encourage motorist compliance with
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the law. Some local publicity of the enforcement
activity may also be an effective method of encouraging
compliance.

3, Signs prohibiting RTOR and LTOR should be placed in close
proximity to the signal indicator for maximum effective=-
ness. Double signing, i.e., an overhead and post-mounted
sign may be needed at some locations. Now that the
general permissive rule is used nationwide, uniform sign
placement is necessary to reduce the possibility of a
motorist missing the sign.

4. To increase the efficiency of traffic operations at inter-
sections with RTOR or LTOR, presence detectors should be
used when replacing old equipment or when designing new
signal systems.

Although it was found that most Virginians were not familiar
with LTOR, a statewide public information campaign is not warranted
as the opportunity to use LTOR is rare. There is a need to review
Virginia's pedestrian protection law and to increase public aware-
ness of measures to promote pedestrian safety at signalized and un-
signalized intersections.

No legislative action concerning Section 46.1-184(a) of the
Code is recommended.
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APPENDIX A
o
QUESTIONNAIRE SURVEY OF VIRGINIA LAW b
ENFORCEMENT OFFICIALS

: PART A: TRANSMITTAL LETTER

SNIVERSITY OF LAGINGA
TARWLOD, CIMMISSICNER -

AN SR FRANK L ~ERIFORD LA PRESICENT

TToH ot

~ L e SCHOCL OF INGINEERING & APPLIED STIENCE
7 COMMISSIONER AND . -
EF;‘4G!::=S; ¢ i JOHN E 5iBSON. DEAN

A

i TROLEITER AL HCEL, CHAIRMAN
OF PLANNING

DEPARTMENT OF CiviL INGINZERING

COMMONWEALTH of VIRGINIA

HIGHWAY & TRANSPORTATION RESEARCH COUNCIL

20X 3817 JNIVERSITY STATION
CHARLOTTESVILLE, VIRGINIA 22903

ARD, mEAD N HEPLY PLEAS 7.
SwAY & TRANSPORTATION AESEARCH COUNCIL November 25 , 1977 AEFER TO Fiek RO, _2.3__7.._ 43
Dear

At the request of severzl members of the Gemeral Assembly and officizls
of +the Department of Highways & Tramsportation and the Highway Safety Divisienm,
the Virginiz Highway & Transpertation Research Council is conductizng 2 study
7o determing the effects of the new general permissive right and left twn cn
red laws tiat became effective this year.

The scope of the study includes field investigations desigmed to examine
tizme and energy savings and driver accsptance and compliancs with the law. The
<udy will also izclude input from the state's traffic sngineers, law snforcement
officizls, znd the genmerzl public., To enable us to examine law enforcement and
accident problems associated with right and left twxrm on red, I would zppreciats
your completing the attached questicnraire and returming it by friday, Decempexr
23, 1877.

If you have any questicns or would like more informaticn concerming the

<
tudy, please contact Martia R. Parker, Jr., of our offics, talapnhone (304)
977-0220. Thank you for youwr cocperation 2nd assistanmes.

Sincsrely,

J. BE. Dillard, Head
Virginia Highway & T
Rasearch Council

v
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PART B: QUESTIONNAIRE
WITH A SUMMARY OF RESULTS
QUESTICNNAIRD SURVEY OF VIRGINIA LAW CSNFORCIMENT CETICIALS
Right and Laft Turn on Red
L. Jurisdicticn 75 Virginia Law Enforcement Officials nate Februaryl, 1978

PART A - Rignt Turn on Red

Note: Responses are from 75 localities with RTOR. Resuits are expressed in percentages.
2. How would you categorize law 2nforcement associated with the new general permissive
right turn on red (RTOR) law that became effzctive on January 1, 13777

0 Major Problem 29 Minor Problzm 68 No Problem 3 No Reply
3. 3ased on ycur exveriences, plsase rate mctorists' compliance with ths new RTOR law
with regard to the following items. Check one condition for eacn itam. pNot No
pgois Ixesilans  Zece  fzix Pz Applicable Repl
2., Yialdizg 75 other vanicisas 20 0 15 ] 0 4
2. Tialding 13 pedaszrians 17 9 28 5 0 3
2. Coming =0 & sempliata2 5IIpP sefere
Iurnizg on rad 8 36 43 8 0 5
4. lpeyiag w0 TURN QM FZ2 siz
lscatizns wnare AT is ; zse 17 52 12 3 11 5
2. orsrist knowlsdge of Ihe liw 7 48 RY; 5 0 3
. Cther chsarvaricns (3laasa
specify zype) Making RTOR
when permitted 0 0 1 0 0 99
+. Are you aware cf any accidents %<hat can te attributad to the new ATOR law?

17  ves. Please give a SL.I'TI"&.""] o7 the zccident =zxperience including the number,
severity, 2nc type of accident.

75 accidents were reported in which 4 persons were injured. See Appendix

for summary of accident experience.

80 no.
have not conducted accident study.
. dzas chr decartment rsceived sublic comment regardin

(o))

+he ne OR Law?

- =7 - N R - y - < - rmay = =l -y —— - I e 2
43 ves. Please indicats the zumber and nature of the comments recaivad.

Most comments were in favor of RTOR. Numerous requests were received

to permit RTOR at more intersections. There were some complaints that
RTOR motorists did not stop and yield the right-of-way.

T no reply. CA=2




A

viot
3ased on your sxperience, what is your cpinicn of the new RTOR law? Pleass give
2 reason for ycur answer.
Coinien Reascn
95 Law should be retained. Expedites the movement of traffic and saves fuel
L Law should be rescinded. Failing to yield to pedestrians and small vehicles
1 Lew should be amencded. How? To include stop and remain until after pedestrian walk
3 No reply. _ phase has terminated

e

(ZCRE ARE NO SIGNALIZED INTZRSZCTIONS IN YOUR JURISDICTION WHIREZ A ONE-WAY STREZT
TZRSECTS A ONE-WAY STREZT, SKIP TO QUESTION 13.

PART 3 - Left Turm on Red

te: Responses are from 18 cities with LTOR. Results are expressed in percentages.
dow would you catagorize law enforcement associatad with the new general permissive
. That

o F=

leit turn on red (LTOR) law (frem a one-way sSTreet onIic a one-way sSitreet)

(=3

became 2ffsctiva on July 1, 12777
0 Major Prcblam 28 Minor Problenm 72 No Prcblam 0 No Reply
Lease rat2 motorists' compliancs with the new LTCOR law
ice

ms. Check one conditicn for =ach item.
Not No

a. Yialding =3 o=har rahizlas 11 6l 22 0 0 6
3. 7Tisliiag 32 sedasToian l 55 22 0 0 5
72

- - : - - - P =
2. J3ming o a <complava stop sefore
- an
] ad

4 by 3 - -rrm -~ - - -

i. lbeyixg MQ TURN IN 222 sigms az
F 3

- - -2 P - Y- T =y

~ocatLens wiasre LUTR Is gfrenioi

2. MowsTizt xmswlacge sf the law 39 33 22 0
3. Jther zsbsarvatisas., (slaasa sgaciy
ose)

=)

dave you sbhservad meotorists turning laft on red

oI cne-way streets?

: ~ ; h= I -5
T LLT2LS2CTIONS OTAs8r Tnanl LITersecticnh

o

6 7as, Please Ilndicate the number and nature of these vialaticon

(7]

Several LTOR maneuvers have been witnessed at intersections other than

one-wayv streets.

- - = $ .y Al - X - - - T =
Are ycu aware or any accidents tThat can se art=tributsed o the nsw LTOR law?
J

0 yes. Plzase give z summary of
severity zarn

. . . . P -
N2 2CCLC2ENT 2KXTerlsnce Lnciuclng the aumbsr,
ot

T
2 type of accidanz. No accident experience was reported.

100 nc.
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las your department received public comnent regarding the new LTOR law?

17 yes, Please indicate the number and nature of the comments receivecd.

Generally, public comment has been favorable; however, some unfavorable

comments were received., Most people are not aware of the LTOR law.

83 no.

fu w

ased cn your experisnce, what i1s your ovinion of the new LTCOR law? Plesase give
reason for your answer.

Coinion Reason
89 Law should be retained. Facilitates the movement of traffic and has not caused
prob
5.5 Law should be rescinded. Law is confusing to the public.

5.5 Law should be amended. How? Allow left turn from a one-way street onto a one-way str

not from a two-way street onto a one-way street.
PART C - General

v
o
M
|
8

30 by D
v

f") [SRN N
fu

oot < rl

Plesse list intersections where you have observed problems with RTOR cor LTOR.

Several intersections were listed and some were included in field studies.

Addi<ional comments or observations. Some signs prohibiting RTOR and LTOR should be

be removed. Some people do not stop before turning on red. The public should be

educated through driver training, the driver's manual, and news media publicity.

Would you liks & ceopy of our final report on this project?

91 ves.
—6 no. 3 no reply.

Mailing Address

Phone Number Area Code ( )
X you .JJor your ccoperation and assistanca. The infcrmation y i
:Dula?ed alcng wita data frem cther jurisdictions and summa i ir
ou nave any gquestions or would like more informastion concsrning the study, olea
act Martin R. Parker, Jr., Virginia Highway § Transpcrwtation Research Counclil,
lottasville, Virginia, Telephone (80%) $77-2230.
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QUESTIONNAIRE SURVEY OF VIRGINIA v
TRAFFIC ENGINEERS
PART A: TRANSMITTAL LETTER
SO PR S AN TTT T L T T T T e TN .
N U O A G S T T S G SR A o, 7 ;FT\\__T - fi.fL
HICUHWAY & TRANSPORTATION RESEARCH COUNCIL | o

November 29, 1377 BRI Y B

Dear

At the request of several members of the General Assembly and officials
of the Department of Highways & Transpcrtation and the Highway Safety Division,
the Virginia Highway & Transportation Research Council is cenducting a study
to determine the effects of the new general permissive right and left turn on
red laws that became effactive this year.

The scope of the study includes field investigations designed to examine
time and energy savings and driver acceptance and compliance with the law. The
study will also include input from the state's traffic engineers, law enforcement
officials, and the general public. To enable us to examine the manner in which
the right and left turn laws were implemented, I would appreciats your completing
the attached questionnaire and returning it by Friday, December 23, 1977.

If you have any questicns or would like more informaticn concerning the
study, please contact Martin R. Parker, Jr. of owr office, telephone (804)
877-0280. Thank you. for your ccoperation and assistance.

Sincerely,

A ilin

J. H. Dillard, Head
Virginia Highway & Transpcrtation
Research Council

MRPir/bsm
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PART B: QUESTIONNAIRE WITH
A SUMMARY OF RESULTS

QUESTIONNAIRE SURVEY OF -VIRGINIA

Right and Left Turn cn Red

TRAFFIC ZNGIMNEERS

1. Jurisdiction 75 Virginia Traffic Engineers Date February 1, 1878
PART A - Right Turn on Red

2. Please indicate the number of signalized intersection approach lags in your jurisdict
at which right turn on red (RT ”Q) is cermittad znd the number at which it is srechiris
under the new general cermissive RTCR law that became offective on January 1, 1377.
8994 Number of approach lags a2t which RTOR is permittad as cf Decsmber 1, 1577.

1740 Number of approach legs at which RTOR is orohibited with a JC TURN 2N RED
sign as of December 1, 1277.

3. Indicate the number of approach lags at which RTOR is prohibited for zach reascn 1isT
below If RTCR is prohibited at an approach for more than cne reason, 1se Tha mOsST
imce r;ant reascn.

{unber oF 2ppreach ‘.s;s at which Jeason
TSR _is srohisitac S
885 Inadequata sighit <iszancs
121 "Walk-Don'% Walk" chase cn Ixe apprzach lag
87 ALl red pecdastrian opase 3t tke iatsrsactiion
40 Separate lafT Turm paase cpgosiag XTOR
20 Zxciusive righT TWT Line S3onsT le rovidad
13 Jual lLafT tuzn lanes cn oppesitz 2pgreaca
152 Zeavy sedastrian volumes
95 Schoel chiliren Zrequently usa e itgreaca
13 lailrecad sresmprion shase
0 Yore than 3 ITOR aceidants ser year
107 Iatarsection nas Tore than % ipproachas
3 Sacrw red shase (la2ss zt2an 20 sacsands) =2 =2
ippreaca
45 Zeavy cross street trarffic volume
1 Cross street tTrarfic speed Ls gTeatar thaa 43 Ton
158 Cther. ?Pliase spacify reascn _Dual right turn lanes,
complex intersection design, fire station
preemption, etc.
y. % 3ince January 1, 1877, have ycu permitted RTCR at zany aprroaches wnere you initizlly
zrcohibited the maneuver?
Plaase give number of apprcaches and reason(s) Ior the changs.

RTOR permitted at 269 approaches due to improved sight distance, imtsrgegt:

67 redesign, public-‘request, etc.

4 No Reply

Q.

ofa
w

Denotes that responses are expressed in percentages.
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2 - . : - il =aA 2TA = : ~d -
Since January 1, 1877, nave ycu prceiisitsd RTCR at =zny aporeaches wherse you initially
1 -~
SEXTAITTSC tae maneuver”
B g
DR |
o yes. Please give number of approaches and reascn(s) for the changs. vt

RTOR prohibited at 67 approaches due to public complaint, near accidents,
inadequate sight distance, and heavy pedestrian activity.

75 no.
—— 1 No Reply

2¢ you yonte iclata changing (permitting or oronibiting) RTCR at any aporoachss in
*he near future?

17 _ vyes. Plsase indiczate the number of approaches and tyoe cf change.

RTOR may be permitted at 172 approaches and prohibited at 3 in the near future.

79 no.
4 No Reply

—_— .. , .. .
Lr2 VOU aware cr any accidants that can he attridutad o the new ITOR L

16 _ves. 2Please give 2 summary of the zccideat exgeriencs including the number,
saverity, and type of accident. This inform=vtion 2130 has daen requestad
from your loczl law snforcement officizl, 75 accidents were reported

in which 4 persons were injured. See Appendix for summary of

accident experience.

79 no.

5 VNo Reply
R3S your dcapartment received public comment regzrding the new XTOR la

¥
BN

_63 v=ss. Plsase ilndicats .“e number 3nd zatire of the comments reced

vad.

Numerous comments were received reauestingjremoval of "NO TURN ON RED"

signs. Most comments were in favor of RTOR, however, there were some
33 ne. complaints concerning motorists not stopping before turning on red.

e

4 No Reply
S3sed on your experisnce, please rate motorists' compliznce with the new RTOR law
with regard to the following items. Check one condition for each item.

. , Not No
I Zxzellant Cocod Talr Joor

Applicable Reply

a. 7iaidiag wo other vahialas 16 58 16 1 1 8
3. 7iasldiag =5 pedastTians 8 Lu 32 7 1 8
S. Camizg 2 32 c3oplarte sT3p Sefore Turmiag . .

cn red 0 &7 43 31 1 8
i. Cheyiag YO TURN Q 32D siges 2t Locztisas

“here TSR i3 srenisizad 23 48 8 L 9 8
2. Moterist xmowlsdge of tna law 7 48 25 7 Y g

f. Jther chsarvaticas (zlaase specif; Tyme)
Using shoulder, D. C. and 0 0 0 3 0 87
Maryland motorists not aware of RTOR law.
3ased cn your ocse”va"ﬂns, wiat do you fa

2 e el are the benefits zand oproblams wi<h =he
- e P 1 R v s = —_— s s =
tew RTCR law? Include implementation problems if any diffislultiss were 2ncountared,

Zenefits Improves movement of traffic and saves time and fuel. Reduces the number

of vehicles delayed by the red light.

froplems Motorists do not stop before turning on red. Motorist expect RTOR st =211

intersections. Motoris+ts switch lanes to utilize RTOR. Qut of state Grivers
do not utilize RTOR.

Denotes that responses are expressed B-3
in percentages.



. . . . - , ey oy

11.% 3ased on your experience, what is youwr opinicn of tne new RIOR Law? r.2ase give a
reascn for your aaswer.

L€ L.
o J:Ja Oginien Reason
g3 Law should te retained. Saves time and fuel with few problems
1 Law should be rescinded. Creates confusion.

3 Law should be amended. How?Return to sign permissive law; Use right turp vield
3 No Reply :

I THERE ARE NO SIGNALIZED INTZRSECTIONS IN YOUR JURISDICTION WHERE A CNI-WAY STREZT
INTERSE TS A ONE-WAY STREET, SXIP TO QUESTICN 23.

Responses are from 18 cities
NOTE: with LTOR. PART B - Left Turn on Red

H

12. Pleazse Indiczte the number of signallized inmtarsaction approach lags 27 wnlch 125+
Turn cn red (LTCR) is permittad and the number at which it is 2rohibizad Zrom = orns-
—— an—y - hilln) T - - - - -
78y STT=eT CnTO & cne-way street undsr the generzl sermissive LTCR law that Decams
gffactivs on July 1, 1877.
1 = ) * [ - ;- 2 i - = " M 4 Lo leded
135  lumber oI approach lags a2t which LTOR is permizted z2s of December 1, 1277,
. - L N, . Binicad wich 2 MO mUDY Ay 3T
ug Number I approach lags at wihich LTOR is pronifited with a MO TURN O PIC
sign 25 of December 1, 1377.
A ‘e - . s - . -
13. Incdicats the number of approach legs at which LTOR is prohibitasd for ezch resson
listed below. If LTOR is prohibitad at any acocreoach for more than one resson, use
the mest impertant reascn.

T332 is cropizitad 32ason
23 lnadequata sighazt disTtancs

"WALK-DON'T WALKX" 3hase on the approach l:

—_—l
7 ALl red ;edastrian pnase ar the intarsaczicn
7

w

Zxclusive laft Tuzm lima czanot e srovidad

deavy pedestrian voluzes

0 School children frequently use t2e zpproach

Railroad preemption chase

—
0 dore than J LICR accidants sar vear
0

Short red hase (ls2ss than 20 seccads) sa Ia
-

8 Ot‘xe.. ?lsasa spec-‘-‘--

(o]
o
it
ot
ot
®
(2
3
e
’._a
ot
|—1. !
"‘ "

aq
e
fa]
ot
®
2]
"]
o
0
ot
|
o
]

» 1977, have you permitted LTOR at any aporoaches were you initially
ne maneuver?

0 _7es. Please give the number cf aporoaches and reason(s) far the change.

89 no.

11 No Regly . . . .
15.% STace July 1,7 1377, have you cronibited LTOR &t any aporoaches where you initially

LTOR prohibited at ope intersection hecause aof motorist copfusion

gy nc.

oo

* Denctes that responses are B~4
axpressed in percentages.



R

3o yeou contamplata changing or cronaibiting) LTCR 2t 2ny actroaches In Ths
near future?
B o B
0 yes. Plsase indicats the number of accroaches and tyte of change. UdEg
100 no.

Havs you cbserved motTorists turning lofT on red at intarsections other than intarsectic
a

T Qne-way stree
78 78s. Pl2ase inadiczt2 the number znd natre of these vioclaticus.

Several left turns from a two-way street Opto a one-wav street and left

turns from a one-way street onto a two-way street were reported.

72 no.

, . - - e o } s e PR
Are yeou awsre of any accidents that can De atTributad <o the new LTOR law?

11 ves. Plsase zive 2 summsry of the accident experisanca including tha number,
saverity, and tyve of accidant. This informazicn 2130 23s Seen reguestad Srom
yeur loczl law anforcement officizl. Three accidents involving LTOR

vehicles were reported. See Appendix for further details,

83 no.
6  No Reply
Z325 your dJepdrTment received public comment regzrding the new LTOR law?

L4 ves. Plzase indiczt=2 the Qumber and nature of Tha comments received.

Several inquiries requesting information on LTOR and commentine that

the law is confusing.

56 nc.

Based cn your experience, plesase rate motcerists' con_llance with the new LTOR law
with regard to the following itsms. Check one condition for sach item. _
Not

=
(o]

IT=a Ixcellant Seed Fair Pzer X

- Applicable Reply
1. “islding tTo other veniclas 28 by f 0. 22
3. 7ialding s jecdestrians 11 56 11 0 22

2. Coming IS 2 <omplata sTOP Defors Turniag

sn red ) ) 6 50

i. OJbeying Y0 TURN Q¥ RED sizms at locatishs

[N
~3
O

22

(o3}
[

wnare LTCR i3 prohidited 27 17 0 0
s, Motorist xnowladge 3f The law o] 0 50 28 22
3. Qthar cpservatisas. (pla2ase specily

=/pe) ° 0 0 0 0

n ycur cbservations, wnhat do you £
=]

c gel e
TOR law? Iaclude implementation problems i zny di

e
5
PR

<= Improves the movement of traffic and saves fuel and time,

Problems Motorists are not aware of the LTOR law.

Denotes that responses are expressed
in percentages. B=5



ed on your =sxperisnce, what i1s your opinion or the new LTOR law? 7l2ase zive a
reascn for your answer.
L) Opinion Reascn

78  Law should be retained. _Reduces concestion and saves fuel

17 Law should be »rescindad. _Law is confusing

0 Law should be amended. How?

S No Reply
PART C - Genersal

23. Please list intersections where you have cbserved problems with RTOR ox LTOR.

Several intersections were listed and some of these approaches were included in the

field studies.

24.% Do you use a supplementary sign in conjuncticn with & NO TURN ON RED sizm, 2.2., NO
TURN ON RED - frem 7:C0 to 9:00 a.m., imstead of srchibiting the mansuver zlztogathsr?
7_yes. Please describe cendiztion(s) puring hours of heavy pedestrian traffic and

school traffic volumes. One city is considering their use at school crossi:
85 no. 1 Nctapplicable 7 No reply

25.% Do you feel the new RTOR and LTOR laws have led to a sigznificant change in the accide
rate at signalized intersections?

0 Significant increase

84 No change

0  Significant decrease

9 _ Other. Please comment Accident studies will be conducted in the near Ffuture.
7 No Reply
7Ieasa list (or 2nclose a copy of) your guidelines For pronibiting turms on red.

[
()}

Response were: 28 cities had no formal guidelines; 3 used FHWA guidelines; 20 used VD

guidelines; 3 had formally developed their own criteria; 1 used RTOR study guidelines;

and 20 cities did not respond.

27. Additional comments or observations. Overall observations of turn on red maneuvers inc

the benefits outweigh any problems. Mctorists should be reminded to stop and vield tt

right-of-way before turning.

28.% Would you like a copy of our final report con this oroject?
90 ves,
et t———
5 no.

5 No Reply

ar,
@

Denotes that responses are expressed B-
in percentages.

()]



Phone number (area cecda) ( )

ik you for your cooperation and assistance. The infcr wat‘cn you nave provided will De
ilated zleong with data from other jurisdictions and s “mar zed in the r-na

1ave any cuestions or would like more informaticn con
rker, Jr., Virginia Highway $ Transpcrtation
lephone (304) 3977-0290.

report. if

2ase contzactT:

1 PR
~0T<Taesvillse,

B=7






Note:

Are you aware of the law that went intc e
allowing drivers to turn Right cn red ligh

Yas:

a

APPENDIX C

SURVEY OF PUBLIC OPINION

PART A: QUESTIONNAIRE PREPARED BY A
rT

PUBLIC RELATIONS

RM

Inc. for the January 1377 public opinion poll.

you turn Right on a red light?

(FOR THOSE NOT MENTIONED:) Are you aware that you

act January 1, 187
at intersections?

) —< Ne/DK

(

Go to Q

What else?

should ? How 2about

7

What are the precautions that should be tzken before

Questions submitted by George Douglas, Public Relations,

UNAIDED

Come to a complete stop

o all cars and

pedestrians in intersection

Check

for "No Right Turn

On Red" Signs

Other

Preczutions

'—J

AIDE

0

DK Precautions (Unaided or Aided)

c-1

n

Lo



PART B: RESULTS OF THE RESEARCH COUNCIL'S
TELEPHONE SURVEY

Note: Results were taken from the 13977 Virginia Highway Public
Opinion Po11(13), Resmonses are exprassed in percentages
and are based on replies from 1730 persons 16 years of age
or older.

Tell me what the term "right *turn on red" means.

Category Percent Repnly

1. Completely correct 41.3

2. Ccnceptually correct 47.0

3. Incorrect 4.1

4. Don't know 7.4

S. Refused 0.2

The current "right turn on red" rules allow you to make a
right turn after making a complete stop at the red light, as
long as there is no sign prohibiting it and as long as the
way is clear. Do you approve of "right turn con red" as it is
currently practiced?

-Category Percent Repnly
L. Yes 90.1
2. No 7.3
3. Undecided 1.2
4. No opinioen 1.3
S. Refused 0.1

« -

Have you experienced any difficulty with "right turn on red"?

Category Percent Reply
1. Yes 15.5
2. No 83.2
3. Don't know 1.1
4. Refused 0.2

What sort of problems have you encountered?

Category Parcent Reply
1. 7Too many prohibitive a$g15 2.2
2. Conflicts with pedestrian traffic 0.5
3. Difficulty as a pedestrian 2.8
4. Stopped cars where RTOR possible £.3
5. Conflicts with RTOR vehicles (cross trafific) 2.9
5. Other 3.¢
7. Vo specific problem J.4
&§. Refused 0.1
3. No prcblems 85.0

Cc-2
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8]

Cc-3

Wnat does the tarm "left turn on red" mean?

Category Percsent Reply
1. Complately correct ~3.3
2. Conceptually correctT 13.2
3. Incorrect 13.0
4. Don't know 56.3
5. Refused 1.2
You can make a left turn at a red light as. long as you ars
turning from 2 one-way strest ontc a cne-way street, and s
long as the way is completely cl=2ar. Do you approve oI %he
policy of "left turn on red"?

Catesgory Parcent Reply
1. Yes 53.5
2. lo 25.2
3. Undecided 5.0
4. No opinien 5.7
5. Refused 0.2
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APPENDIX D

FIELD STUDY SITE CHARACTERISTICS

i Number . Est. Estimated
i Turn on| Lanes 1377 Pedestrians
Int. Signal Approach | Turn on Speed °
Intersection Jurisdiction } Area Type Lﬁee:s bescription Studied 2ed App:;,,.acr'.imit .e{”D?ay
| 1 Approach No. Type )
| z.3. L TL 1 3,790 25 10
Arlington 31vd. city Arlington RTOR 1 R
% af Commercial| T 2 RTCR | Actuated, S.3. ) Thru | . , -
Emmet St. Charlottesville 3 Phase Emmet ATCR 1orr g 11,945 40 30
i W.B. RTOR 1 v .
N. Poplar City Rt. 250 Proniblted Thru| 7,310 25 30
P of Commercial{ + |2 RTOR P"’z‘eghz:‘;‘" I RT i Thru
Rt. 250 Aaynesboro S.B. ATOR 1 R’RT & "hru
N. Poplar - T i) 2,980 25 10
Wilre2 taun | TSR |2 Thrul| 2,800 35 86
Monument Ave. Richmond Residential Actuated = 1 RTL
Wiliow sawn D Shighuay Commeraiall * | ¢ TTOR | TTpnage’ | 4. 3. ATOR |1 LT
low Lawn Dr. ric Monument Ave 1 Thru| 4,800 45 140
LRT dy
N.B. 1 LTL N
Tvy Rd. city sctuated, | Alderman RTOR |7 g7 ém—ul 2,230} 2 10
i of Commercial| + 4 RTOR | °5 ?hase’ N 7L
Alderman R]d. Charlottesville §VB RTOR ] Thru 5,980 | 35 30
s 1 aTL
E.3. 1 LTL
I Euclid ROR |7 mru| 4,120 35 40
Euclld ave. city Actuated 1 RT& Thru
& of Commercial| + 4 RTOR 2 Phase'
Yance St. Sristol ° N.B. RTOR 1 RT&LT g ysq 25 30
Vance ; & Thra '
S.5 aroR |1 maral 6,200 25 3
= “3e h 1 Thru o]
Euclid Ave. City Euclid ’
3 of Commercial| + |4 RTOR Aﬁc;g::g’ 1 AT &Thru
Cemmonwealth Ave. Bristol g 1 LTL
Commonwealth] RTOR i EI'TnL'u 9,200 | 35 120
N.B. RT & LT .
Ht.&ll ';(‘:.y Cegﬁ:ll . 4 RTOR Fixed Time,| REt. 11 « RTOR 1 ¢ Thry 5,100 | 25 210
Lth st. Wytheville Diserice 2 Phase W.8. aTOR AT & LT 960 | 25 370
ith st. ‘& Thry
5.8. 1o sol s
Route 29 Culpeper actuated. | AT 29 RTOR 12 TArw | 10,1501 43 0
L3 Highway Commercial|l + 4 ATOR 3 P‘\ase,
Greenbrier Dr. Districe ¢ £.8. RTOR 1 RTL 3,010 | 35 10
Greenbriar 1 LT &Thru **
E.B. 1 LT &Thrh
RTOR p 3,3401 25 130
Memori:l Ave. Cé;Y ‘Ziidiﬁfiai . |u aror Agc;\:«:ed’ Wadsworth 1 RTL ;
Wadsworth St. Lynchburg mercia ase S.8. RTOR 1 LTL | 6,130 | 35 260
Memorial 1 RT&Thru °°
E.B. 1 LT & Thru
Grove Ave. Clty Actuated Grove RTOR 1 AT & Thru 3,920 | 35 30
of Residential| + 4 RTCR 2 P‘\ase' |
Malvern St. Richmond ) N.B. RTOR 1 LT & Thru 3,200 | 35 20
malvern 1 RT & Thr?u ”=
N.B. 2 ‘Thru v 8
Boulevard St. ciry Lixed Time.| BlVd: RTOR |7 gpp | 14,%00125 350
& of Commercial| 4+ |4 RTOR ;Ph“e :
3road St. Richmond E.B. RTOR 2 Thru 7,810 | 35 730
Broad 1 RT & Thru °
E.B. 1 LTL
Fall Hill Ave. City - red Time | FaLl HL1l ATOR |7 gy & Thr 3,510 |25 §¢
& of Commercial|l 4+ |4 RTOR [-°5 ~=2€» L LTL
Jefferson Davis |Fredericksburg S.B. aToR 1 ‘l’r‘xru 8,660 | 35 70
I
Highway f'err. Davis 1 AT & Tho

lw]
[}
=




o M’ R
‘;‘.'u:nce:' Ist. Zstimated
v Tarn ony ., 5 - Lanes 1577 s Padestrian
Intersection Jurisdiction int. Ft I Silznal Approach Turn on ASpeed =
v isdicsion Aree Type .':;: Cescriztion 3tudiad Red App;.i.a“?.‘_.:‘.: ?e‘ra_,iay
= Appreash by . i A
4.3, aTch ToLT i RY L Y
Collee =nve, City Fixed Tlme College bronibited ¥ Thru 1,570 125 =T
P . er Commercial| + 2 RTOR 2 °hésé ’ | ey
Jeffarson Zavis Fredericksburs -t S.B. ETOR 3 ::}: 11,100 | 35 ~
dignway Jeff. Davis - H B R : v
i 1 aTL
I ow.a. - R .
_ongview or. Culpeper Actuated Longview Cr. RTOR 1 AT & Thru 9,500 | 25 59
o Highway Commercial| + 4 RTCR 4 Pnase. \ LTI
Jefferson Zavis 2istrict b S.B. aTog s “mru 11,120 35 5
Hignway eff. Davis e N ;...{‘ '
| 1 aT
I z£.3. \ 1 LTL - =
Rt. : ciey biceq mipe Russell 2d. ATOR || BT g Thru 271025 50
% ) of Commercilal| & 4 RTOR > Ph;sé ’ 1 LT & Thru
Russell Rd. Alexandria g.3. aToOR L = Thru 3 5ug | 45 50
e, 1 i L a7e e -
L e
¥.3. h =R -
Glyndon St. Cilty Fixed Time flaple Ave. RTOR i T ;“gﬁrul3'12° ie g0
% £ Com 4 RT S N
. N o ommercial| + 4 RTOR 5 Phase ) . . |
daple St. Vienna w.B. 3TOR L LTL 1,410 | 25 120
(Rt. 123) Glyndon 3t. : L RT % Thrt ’ < =
T
Z.3. 1 LT & Thru
daple Zt. city . txed Time | Main St. ATOR 11 R 4 ary (03601 35 69
i T m™n - &
satn St. ?aigt‘ax Commerctal 2 RTOR "5 onase V.5, S P N N 2o
#aple St. - ¢ Thru >? <
q.3 1 LT % Thru
q;,‘ l RTOR 1 Thru 6,510 | 45 9
Re. 1 Richmond Commercial Actuated o 1 RTL
& 4ignway * |3 RTOR ";';haz ’
Willis Ra. District = Fnase z.8 LT o4 AT
B2 RTOR -y 36C | 35 0
Willis Rd. ¥ Thru
N.B. . 1 LTL - = .
At. 60 city actuateq Yonticello Rp. FTOR 11 gy yqnpy 2,340 425 40
) of Commercial| + 4 RTOR b ?hase'
Monticello Rd. Willlamsburg 2 W.3. ATOR 1 LTL ¢ 500 | 25 39
Rt. 60 1 RT & Thru 7
W.3. LT & ) 4
ist st. Cley Central Lixed rime | 1t St LTOR |1 7% gy | 10230 f25 140
% af 3us. + 1 LTOR ’
Water St. Charlottesville | District 3 Phase s.s. atoR |1 RTL | 5 300 |ag 190
Water rohibited| 2 Thru ’
S.8. . m 1 LT & Thru -
£. Frederick Cicy Central 1 RTOR Fixed Time Frederick LTCR 1 Thru 3,060 |25 250
% of Bus. + ) Bn 4
N. Augusta Staunton District 1 LTCR | 2 Phase E.B. ATOR 2 Thru | 550 {5 220
. Augusta 2 RTL '
3.8. - 1 LT & Thry e
Frankiln St. Cizy Central | 370R Fixed Time | First St ~TOR 1 Theu | 20170 |25 810
& f Sus. + Hel 5 mat
Flrst 3t. Richmond Jistrict 1 LTOR 2 Phase E.3. 8™03 1 Thru 7.040 |25 310
Sranklin e 1 RT & Thru '’
5.3, o~ i LT ¥ Thrp '
Zuntington Ave. city Residential 1 270R Fixed Time 30th £ TCR 1 Thru 330 125 50
cosd o canmony ews Pare * L LR |2 Prase | . _ e
cot Llewport P £.8. - < Thr < -
Susiness ZuntingTon A e ITCR 1 AT ¥ Thru €,350 |25 30
W.3. )V K Thru - 4
izt st ey Central L 2708 Figea mime | H2ln I R I R B 43
P of 3us. + Siim LI
Third St 3ichmand District 1 LT3R 4 2 Phase 5.3. aToR 1 Taru by oo6g |2 9
Third 3t. o 187 % Thx".x s =




APPENDIX E

SUMMARY OF DELAY, ACCEPTANCE, AND CCMPLIANCE DATA

Table E-1

Data for RTOR Sites
Righe | ACCEPTANCE TYPE OF STOP REJECTED OR NO ATOR o, | e Jetay
ey No. Totai| o seiared
Lecation surn Captive Total ] Yo. N Bt
P P ot | com-| , . Run- | RTOR |q, Mot | ¥e. | 3roR 28Rt |Right Turn
Green | Timed Timed | plete ause | Creep thry imed T+ned e Turns ~Ven .d.e_
jacted (seconds)
w.3. j
Monument Aive. 40 26-283 3 14 5 1 10 20 34 10.4%
N.B.
4illow Lawn 37 [36-512| z8 29 7 3 3-130 3 39 | 104 16.43
3.3. 3 .
Poplar 3t. 28 4-153( 20 5 3-101 [7-288 1 3 8 96 33.71
s.B. 7
Immet St. 57 1-17 13 10 1 2 3-52 o 13 31 11.50
£.3. P
Arlington 748 123-388] 135 30 11 3 5 5 3 109 | 238 12.32
£.B.
Ivy 59 l21-130f 23 32 9 1 2 1-13 2 3 4y | 116 5.72
N.B. 2
Alderman 27 115-76 21 13 3 5-1C7 13 65 12.2
E.B. ,
Zuclid Ave. 23 2-24 3 3 3 1 6 35 12.0
N.3. 7 L
Vance 23 |13-206f 11 20 2 1 2 2-30 25 36 13.12
£.3. i
Commonwealth 47 39-905 128 85 28 23 18 7 7 134 221 11.31
s.3. 4 ..
Zucllid Ave. 7 3-1C8 3 5 1 32104 |1=43 3 4 6 4u 31.38
N.B.
At. 1l 10 3-39 4 5 1 3 |17 1 2 7 22 15.2
W.3.
4th 3t. 13 448 1 3 2 b 1 1 5 20 12.9
3.3.
at. 29 56 |20-331| 1§ 15 5 1 2 2-39 3 5 el 37 6.3
£.3. . o
dreenbrier 40 49-10891 70 62 12 10 3 52176 4 8 93 ] 187 17.49
1
z.3. | B ,
Wadsworth St. 70 87-14Q07 37 62 5 2 2 1-65 1 72 235 20.44
Memorial Ave |17 3 3 1=27 |1-17 i 3| 37 17.0
Z.3. . ) o
N. Auzusta 30 3-11b 3 11 1 2 1 11-258] 3 14 15 62 16.17
z.3. ..
Jrove Ave 38 20-152 15 16 4 1 1 1-22 1 22 T4 TL3T
8.3, L
Malvern 3t. 5 3-23 4 5 1 i 1 ol 7 L3 7
S.3. _ B
Thirgd 3t. 43 {35727 i3 33 1 5 14 1-35 1 39 | 117 18.33
z.3 1 )
Ercad St 4y 28-401 4 3 1 i 2-17 2 14 35 14.34
N.3. B - . .
3lvd. St. 35 53-1333| 26 32 2 1 5-253 1 3 55 1 133 22.20




ble Z-1 (continued)

- A Mean Delay
Right | ACCEPTANCE o ED OR MO roea:| Yo ser
. Turn - N “R2%T| er Delayed
Location captive i
o Not | Com- Run~ { RTCR Not Eié{;; aig-;’; 1’591;’1
Timed | plete thru Timed (seconds)
Z.3.
Franklin 3t. 39 5 8 1 4 63 12.29
S.8.
Jerf. Cavis 20 13 4 7 1 46 49.2
z.3.
Fall Hill Ave, 13 7 17 i 35 2 37 32.58
S.8.
Jeff. Davis 22 13 15 4 1"} d.23
S.5.
1 - Jeff. Davis 27 10 34 7 2 1 2 T4 4,568
W.3.
Longview Dr. 13 15 47 3 16 98 10.35
E.B.
Russell Dr. 31 4 24 2 1 76 10,63
S.B.
R¢. 1 42 15 13 2 68 3.08
N.B.
. 123 - Maple Ave. 37 9 10 21 75 8.88
W.B.
Glyndon 16 9 9 1 47 17.1
E.B.
Main 3t. 49 5 1 1 12 71 4.67
N.B.
Maple St. 20 N 11 4 43 22.53
N.3.
Rt. 1 39 10 19 75 4.35
E.B.
Willis Rd. 1 1 1 2 Q
£.B.
Huntington Ave. a4 12 u 1 64 4.27
N.B.
Monticello Rd. 26 15 22 1 4 66 13.39
W.B.
Rt. 60 Q 1 1 2 4 19.00
Total 1296 850 | 804 | 1 74 1‘{5‘;33 41 1,091 3231 14.90
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Table F-1

Data for RTOR Sites

W

Approach Rejected RTOR | Accepted RTOR| % Accepted RTOR
W.B. |
Monument Ave. 0 20 100
N.B.
Willow Lawn 3 39 93
S.B.
Poplar 3t. 8 6 43
S.B.
Emmet St 0 13 100
E.B.
Arlington & 109 95
E.B.
Ivy Rd. 3 Ly 94
N.B
Alderman Rd. 0 16 100
E.B.
Euclid Ave. 0 6 100
N.B.
Vance 0 25 100
E.B.
Commonwealth 7 134 95
S.B.
Euclid Ave. 4 6 60
N.B.
Rt. 11 2 7 78
W.B.
bth St. 1 5 g3
S.E.
Rt. 29 5 24 23
E.B.
Greenbrier 8 33 92
Z.B.
Wadsworth 1 72 g9
S.B.
Memorial Ave. 1 3 75

e



Table F-1 (continued)

Approach Rejected RTOR | Accepted RTOR | % Accepted RTOR
E.B.
N. Augusta 14 15 52
E.B.
Grove Ave. 1 22 96
N.B.
Malvern St. 0 7 100
S.B.
Third St. 1 39 98
E.B.
Broad St. 0 14 100
N.B.
Blvd. St. 6 55 90
E.B.
Franklin St. 6 11 65
S.B.
Jeff. Davis 1 4 80
E.B.
Fall Hill Ave. 5 19 79
S.B.
Jeff. Davis 2 32 g4
S.B.
Rt. 1 2 45 96
W.B. .
Longview Dr. 0 62 100
E.B.
Russell R4. 4 28 88
S.B.
Rr. 1 0 19 100
N.B.
Maple Ave. 0 11 100
W.B.
Glyndon 0 9 100
E.B.
Main 3t. 0 2 100
N.B.
Maple St. 1 12 32




Table F-1 (continued)

Approach Rejected RTOR | Accepted RTOR | %7 Accepted RTOR

N.B.

Rt. 1 0 24 100
E.B.

Willis Rd. 0 1 100
E.B.

Huntington Ave. 0 1l 100
N.B.

Monticello RA4. 1 26 96
W.B.

Rt. 60 0 1 100

TOTAL 93 1,091 92

Table F-2
Data for LTOR Sites
Approach Rejected LTOR | Accepted LTOR | % Accepted LTOR

W.B.

Main St. 0 8 100
S.B.

First St 4 17 81
S.B.

50th St, 1 12 92
W.B.

First 3¢ 9 0 0
S.B.

E. Frederick 12 0 0

TOTAL 26 37 53







APPENDIX G

SUMMARY OF COMPLIANCE DATA

Table G-1

Data for RTOR Sites

(]

[ B

myn 7 m
TYPE OF STOP Total |y, % RTOR
Approachn ' 5. o Run- YNo. Not ST Hot
| Ccomplete | Pause | Creep chru Stepoing RTOR Stcpping
I
W.3.
ALwineilt ave. L+ z L * P b
N.2.
Willow Lawn 29 7 3 3 39 3
S.8.
Poplar 3t. [ 0] 6 Q
S.8.
Zmmet S¢ 10 1 2 2 132 15
E.B
Arlington 30 11 3 5 8 109 7
E.3.
Ivy 32 3 1 2 3 44 7
N.3.
Alderman 13 3 0 16 0
E.B.
Euclid 3 3 Q 6 9
N.B.
Vance 20 2 1 2 3 25 12
E.B.
Commonwealth 63 28 23 13 41 134 31
S.38.
Euclid Ave. ) . 1 1 5 7
N.B.
Re. 11 [ 1 1 7 1k
W.B.
4th St 3 2 2 5 2
S.B
Rt. 29 15 3 1 2 3 24 13
£.B.
Greenbrier 62 12 10 5 19 33 20
E.B.
Wadsworth 62 S) 2 2 4 72 )
S.38.
Memorial Ave. 3 0 3 8]
.5
¥.o o Augusta 11 1 2 1 3 iz 20
Z.3
3rove Ave. 16 4 b 1 2 22 el
N.3.
falvern 3t 3 1 1 I 7 Lh
3.3.
Third 3t 33 i b 3 39 13




Table G-1 (continued)

TY2E OF STOP

Total Vo %7 RTOR
Approach R Run- No. Nect iy Not
Complete | Pause | Creep chru Stocping RTCR Stopping
E.3.
3road St 9 1 4 4 14 29
N.B.
Blvd. St. 52 2 1 1 55 2
Z.B.
Franklin St. 3 3 Q 11 0
3.B.
Jeff. Davis 4 2 4 s
Z.B.
Fall Hill Ave. 17 1 1 1 19 5
S.B.
Jeff. Davis 15 12 1 4 5 32 15
S.B.
Rt. 1 34 7 2 2 4 45 9
W.3.
Longview Dr. 47 12 3 3 62 5
Z.B.
Russell Rd. 24 4 0 28 0
S.B.
Rt. 1 13 4 2 2 19 11
N.B.
Maple Ave. 10 1 ] 11 "
W.3.
Glyndon 9 o] 9 Q
E.B.
Main St. 1 1 1 2 50
N.B.
Maple 3t. 11 1 0 12 o]
N.B.
Rt. 1 19 5 0 24 s
=.3.
Willis Rd. 1 Q 1 0
=.3.
Huntington Ave. 4 4 2 1 3 11 27
N.B.
Monticeilo Rd. 22 2 1 1 2 26 3
W.B
Rt. A0 1 0 1 C
Total 804 161 g2 T4 126 1,091 12




Table G=2

Data for LTOR Sites

TYPE OF STOP

Total NO % LTOR
Approach Complete | Pause | Creep ig?; 3%25;§ﬁ; LTOR Stggggn@
~ Mk D kS =
W.B.
First St. 0 0 0
S.B.
E. Frederick 0 0 0
W.B.
Main St. 8 ¢ 3 0
S.B.
First St. 15 1 1 1 17 6
3.B.
50th 3t. 12 0 12 0
Total 35 1 1 1 37 3

G=3







APPENDIX H

DESCRIPTION OF TURN ON RED TRAFFIC CONFLICTS

L
=

™ Observer
0
{

Figure H-1. Opposing left turn RTOR conflict., The RTOR vehicle
(No. 2) attempts to turn right on red and must brake to avoid
hitting vehicle No. 1 making a left turn on a green signal.

Observer
@

Figure H-2. Through (left to right) cross traffic RTOR conflict.
The RTOR vehicle (No. 2) attempts an RTOR maneuver and must brake

to avoid hitting vehicle No. 1 traveling through on a green signal.
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E; Observer
i

Figure H-3. Right turn cross traffic RTOR conflict. Vehicle No. 1
traveling through the intersection on a green light must brake to
avoid a collision with vehicle No. 2 making a right turn on red
signal.

_
(@

- — —

IR Observer
Wi

Figure H-4. Opposing U-turn RTOR conflict. The RTOR vehicle (No.
attempts to turn right on red and must brake to avoid a collision
with vehicle No. 1 making a U-turn on a green signal.

2)
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APPENDIX H (CONTINUED) .
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Figure H-5., Pedestrian RTOR or LIOR conflict, Vehicle (No. 1)

attempting to turn on a red signal must brake to avoid hitting
a pedestrian.

o

'l
{3

T (hemrire
H

Figure H-6., Previous (Rear end) RTOR conflict,
to make an RTOR maneuver but stops due to traffic in the intersection
(vehicle No. 3)., Vehicle No. 2 anticipates vehicle No, 1 will complete
the turn and begins to move to the head of the queue but must apply
brakes to avoid a collision with No. 1 when No. 1 stops.

Vehicle No, 1l begins



APPENDIX H (CONTINUED)

U Ohserver

oneg-wAY

Figure H-7. Through (right to left) cross traffic LTOR conflict.
The LTOR vehicle (No. 1) attempts an LTOR maneuver and must brake
to avoid a collision with wvehicle No. 1 travelling through on a
green signal,

H-4



APPENDIX I

SUMMARY OF TRAFFIC CONFLICTS DATA

Table I-1

Data for RTOR Sites

TYPE OF CONFLICT
. Cross Right i m, 1
feproach Orposing | Trarfic TUrn U Pedes=- P,,iv;:,"t‘s sotas
Left Turn|Left to | Cross |Turn |trian e e
Right | Traffic Confllct
e w
N.3.
donticello R4d. 1 L
E.B:
Main 3t. 1 1
N.B.
Rt. 123 1 1
3.8.
Richmond Hwy. 3 2 5
W.2.
Longview Dr. 2 2
Z.3.
Fall Hill Ave 2 2 1 s
Broad 3t. 1 1
N.3B.
Malvern St. z 2
£.3.
Grove 3t. 1 1
S.B.
Memorial Ave. ) 1 7
S.B.
Rt. 29 3 1 4
S.B.
Euclid Ave. 7 7
£.8.
Commonwealth 2 2
E.3.
Euclid Ave. 1 1
z.3B.
vy Rd. 2 2
N.B.
Alderman Rd. 1 1
W.3,
Adonument Ave. 1 1 2
3.B.
Zamet 3t i L
Tota 4 1 34 1 4 e 46
iote: This list contains only arproaches with RICR conrflicts.






SUMMARY OF TURN ON RED ACCIDENTS

APPENDIX J

REPORTED DURING 1877

Jurisdiction

No. of Accid

ents

Mo. of Persons

Injured

Comments

Charlottesville

2 RTOR

1 LTCR

none

none

Making right turns
on red has resulted
in 2 accidents since
1-1-77, approx.

3750 total damage.

Making left turn on
on red has resultad
in 1 accident since
1-1-77, appro. $300
damage.

Covingten

1 RTCR

none

Making right turn on
red resulted in 1
accident, est. 3350
damage.

2 RTOR

At least 2 RTOR
acclidents occurred
at the same Iinter-
section; both
roperty damage
accidents occurred
on a 4-lane divided
highway as a result
of a vehicle chang-
ing from passing
lane to right lane
and colliding with
vehicle making a
right turn.

Falls Church

1 RTOR

none

Have had only one
accident, of a rela-
tively minor nature.

Galax

5 RTOR

none

These prcperty damaze
only accildents oc-
curred due to driv
fallure to ccme *tc¢
stop belore entering
intersection.

e

v

Hampton

o

RTCOR

none

These are minor rear
end collisions where
the first car ma2v
stop, move up and
stop again, and the
following car hits

it in the rear.




Jurisdiction

Hopewell

No. of Accidents

2 RTOR

No.

of Persons Injured

none

Cne officer quizzed
had investigated 2

accldents at Winsten
Churchill Drive and
Arlington Road where
he felt that the
person on Arlington
Road failed to yield
right of way while
making a RTOR. Both
motorists claimed
they had a green
light, other comment
was that persons
neglected to yield
right of way while
making a right turn
on red. They
reported observing
some close calls.

Martinsville

1 RTOR

1 LTOR

none

none

One observed rear-
end accident; several
near misses; failure
to stop or yield;
the one observed not
reported to law.

At a "T" intersection
a lady turned left
from 2-way U4-lane

to a 2-way 3-lane

in front of an on-
coming car; hit head-
on; no injuries; she
was charged and
argued with officer
over her rights
under LTOR.

Newport News

13 RTOR
LTOR

18 accidents report-
ed in 12 months;

3 pedestrians struck
1l rear-end and 15
angle accidents,
wilth an averzze of
$588.33 damage.

(e}
[}
N




Jurisdiction

No. of Accldents

No. of Persons Injured

Comments

Norfolk

5 RTOR

none

Available accident
experience indicates
that fewer than 5
accidents have
occurred since 1-1-77
and these have
occurred as a result
of the thru traffic
nitting the rear

end of the right
turning vehicle.

Petersburg

[

RTOR

none

One accident, est.
$550 damage, angle
type.

Richmond

5 RTOR

One of these 3 ac-
cidents resulted in
injury to 2 indivi-
duals. The remain-
der were property
damage accidents with
an average reported
damage of $785.

Richmond
District

1 RTOR

none

At the intersection
Rte. 1 & 10, Ches-
terfield County, a
lady turned right
from E.B.L. Rte. 10
to S.B.L. Rte. 1 and
turned into left
lane instead of
right lane; minor
collision with a
bus resulted.

Roanoke

18 2TOR

neone

From 1-1-77 through
11-23-77 there have
been 18 accidents.
Average property
damage per accldent
was $365.83.

Salem

-

o RTOR

nene

Experienced 6 acci-
dents this year..
Damages were medium
and no injuries were
involved. Failing

to yield, poor driver
Judgment, making wide
right turns, cutting
in, and changing lane
movement were noted
causal factors.




Jurisdiction

No. of Accidents

No. of Persons Injured

Comments

Wwaynesboro

2 RTOR

none

A vehicle was hit in
rear because driver
thought other ve-
hicle was going to
turn right on red.
The second vehicle
proceeded through
intersection because
driver assumed sig-
nal had turned green.

i

——

e

Total RTOR

Total LTOR

—~J
Ul

(VN)

Note:

Two of the 18 RTOR accidents in Newport News were at
No Turn on Red Approaches



APPENDIX K
FINAL MUTCD STANDARDS FOR PROHEIBITING TURNS ON RED vy

U. S. DEPARTMENT OF TRANSPORTATION

FEDERAL HIGHWAY ADMINISTRATION

SUBJECT Right-Turn-On-Red at Signalized FHWA BULLETIN
Intersections October 20, 1977

The purpose of this Bulletin is to transmit the final MUTCD
standards for permitting right-turns-on-red (RTOR) after
stopping at signalized intersections to all Federal Highway
Administraticn and State highway organization offices.

As of July 1, 1977, 48 States and Puerto Rico have adopted
legislation for the generally permissive RTOR after stopping

rule in general conformance with the final standards. The

city of New York was excluded from the New York State legislation.
In Maryland and Maine the legislation is effective July 1, 1978,
and May 1, 1978, respectively. Only Connecticut and Massachusetts
now permit right turns at a signal only when a sign so permits.
The District of Columbia does not permit any turns at a red

signal but draft legislation is being considered.

In response to the public comments received on tne interim
policy on RTOR, Federal Register July 12, 1976, the final .
provisions for prohibiting these movements have been liberalized
and incorporated into the MUTCD. The interim policy was deleted
from 23 CFR 6355 as of August 23, 1977, (Federal Register,

August 18, 1977). More detailed criteria to fit particular
needs may be developed by the respective States.

The following are the approved revisions to the MUTCD
Sections 2B-35 and 4B-3.

A. Delete the last portion of the fifth paragraph of

Section 2B-35, "Traffic Signal Signs (R10-1 to 4) on
page 56, beginning with '"and RIGHT TURN ON RED AFTER
STOP oLt

B. Substitute the following for the paragraph added by official
ruling Sn-116 (Chng.), FHWA, OTO, NO TURN ON RED sign. Thus
the paragraph following the fifth paragraph of Section 23-35
would read:
The NO TURN ON RED sign (R10-1la, 11b) shall be used to
indicates that a right turn on red (or left turn on red

TOr one-wav streets) is not permitted. For part time pro-
hibitions see Sectlon 23-13. The NO TURN ON RED sign should
have standard dimensions of 24" x 30" and 24" x 24" 5or
R10-11a and RI10-11b respectively. The sign should be
erected near the appropriate signal head.
oisTRIBUTION H-W(EQ/SA)-1 o HTO-21
H-W(HO/HS/MC/NG/TO) -4
H-DM-4
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A NO TURN ON RED sign may be considered whenever an
engineering study finds that cne or more of the
following conditions exist.

1.

~
.

Revise Section 4B-5, Meaning of Signal Indications, Item,

Sight distance to vehicles approaching from the
left (or right, if applicable) is-inadequate.

The intersection area has geometrics or
operational characteristics which may result in
unexpected conflicts.

There is an exclusive pedestrian phase.

Significant pedestrian conflicts are resulting
from RTCR maneuvers.

More than three RTOR accidents per year have been
identified for the particular approach.

There is significant crossing activity by children,
elderly, or handicapped people.

(¥7]

on page 217 to read as follows:

J.

Steady red indications shall have the following
meanings:

a. VYehicular traffic facing a steady CIRCULAR RED
signal alone shall stop at a clearly marked stop
line, but if none, before entering the crosswalk
on the near side of the intersection, or if none,
then before entering the intersection and shall
remain standing until an indication to proceed
is shown except as provided in (c) below.

b. Vehicular traffic facing a steady RED ARROW
signal shall not enter the intersection to make
the movement indicated by the arrow and, unless
entering the intersection to make a movement
permitted by another signal, shall stop at a
clearly marked stecp line, but if none, before
‘entering the crosswalk on the near side of the
intersection, or if none, then before entering the
intersection and shall remain standing until an
indicaticn permitting the movement indicatad bv
such red arrow is shown 2xcept as provided in
(c) below.

K-2



Except when a sign is in place prohibiting a

turn, vehicular traffic facing any steady red
signal may cautiously enter the Intersection to
turn right, or to turn left from a one-way

street into a one-way street, after stopping

as required by (a) and (b) above. Such vehicular
traffic shall yield the right-of-way to pedestrians
lawfully within an adjacent crosswalk and to

other traffic lawfully using the intersection.

Unless otherwise directed by a pedestrian

signal, pedestrians facing a steady CIRCULAR
RED or RED ARROW signal alone shall not enter

the roadway.
J7A7 '
Oﬁfice of Traffic Operations

R-3






Note:

APPENDIX L

ARTICLE SUMMARIZING RTOR GUIDELINES

Guidelines for Prohibiting Right Turn
on Red At Signalized Intersections

By Hugh W. McGee, P.E.

Right turn on a red traffic signal, once
used aimost exclusively in Western states,
is now a practice which is permitted in all
but two states. As defined by most state
vehicle codes, right turn on red (RTOR)
means permitting a right turn on a red
traffic signal after stopping and yielding
to right-of-way vehicles and pedestrians
lawfully in the intersection.

Even though RTOR dates back as far
as 1937, when California first permitted
the movement with an authorizing sign, it
is only recently that the practice has
gained wider acceptance and use. This is
evidenced by the fact that according to an
ITE Technical Council committee in
1968, only 20 states reported using
RTOR in any fashion.' In 1974—which
saw the beginning of a comprehensive re-
search study of RTOR by the Federal
Highway Administration*—some states
allowed RTOR at all intersections unless
otherwise signed ( the generally permissive
rule), others allowed the maneuver only
where properly signed ( the sign permissive
rufe).

It now appears that there wiil be a uni-
form RTOR rule throughout the United
States. Therefore, it would be beneficial
to have uniform guidelines which states
and cities can follow for identifying spe-
cific locations where RTOR should be
prohibited. This paper presents a recom-
mended set of such guidelines based on the
results of intersection operations and
safety studies conducted at several loca-
tions for the FHWA,

Reprinted with

permission from
Transportation Engi-

neering, January 1978.

The bulk of the study undertaken for the
FHWA comprised five tasks designed to
provide the data upon which recommen-
dations could be made for an RTOR
policy and implementation guideline.
One task involved both field data collec-
tion and extensive computer simulation
analyses (using the UTCS-1 model) to0
quantify the effect of RTOR on vehicle
delay, intersection throughout, fuel sav-
ings and vehicle emissions. Another pri-
mary effort was devoted to a series of
accident analyses in two states (Virginia
and Colorado) and four cities (Denver,
Chicago, Los Angeles and Dallas) to
quantify the magnitude of the RTOR
accident problem and to identify the
geometric factors that affect RTOR acci-
dent frequency. Other analyses included:
+ A legal issues review of state vehicle
codes and court decisions:

+ A survey of police officials to surface
law enforcement problems:

+ A driver survey in six states and a pe-
destrian survey in four cities to define
public attitudes and understanding of
RTOR: and

» An assessment of RTOR signing re-
quirements and how those may influence
the RTOR rule sefection.

From the results of these studies, it
was conciuded that RTOR is a desirabie
and safe practice for a vast majority of
intersection conditions. Based on the
positive findings. it was recommended
that the generally permissive ruie was
preferred over the sign permissive rule in
order that maximum benefit could be
derived from the maneuver.

Development of Guidelines for Prohib-
iting RTOR. Since the generally per-
missive rule was recommended as a na-
tional standard. it was necessary to
develop guidelines for prohibiting
RTOR where the feature is considered
hazardous. The generally permissive rule
had been recommended because of the
benefits attained without a significant
degradation of safety. Therefore. as a
general principle, it was believed that
RTOR should be prohibited at specific
locations only when one of the following
three conditions where:

- RTOR accident frequency is related to
the specific type of intersection (geomet-
ric or operational features):

+ potential conflicts would resuit un-

[

known to the motorist:
- a significant number of conflicts with
vehicles or pedestrians are occurring.

These conditions. however, are 0o
broad to serve the purpose of guidelines
which the practicing engineer can follow
in evaluating the applicability of RTOR
at specific locations. Therefore, to ex-
pand these principles in more specific
criteria, all factors or criterta that vari-
ous states had developed over the years
were analyzed in light of the research
results.

As more and more states adopted the
generally permissive rule, the list of cri-
teria for prohibiting the maneuver at
specific locations expanded and became
more restrictive. Shown in Table | are 19

Table 1. Summary of Factors Considered
in Prohibiting RTOR Under the Generaily
Permissive Rule

Number
of States

Factors Reporting

Five or More Approacites 11

1.

2. Restrictive Geometrics 4]

3. Inadequate Sight Distance 10

4. Significant Pedestrian 9
Volumes

5. High Speeds Through Inter- §
section

6. Exclusive Pedestrian Phase 5
(All-Red)

7. RTOR Conflicts With Other §
Vehicle Movements, ¢.g.,
Left Turn Phase

8. Signals Under School 4
Crossing Warrant
9. Vehicle Conflict Serious 3

10. Right Turn Permitted From 3
Two or More Lanes

11. History of Accidents Related
to RTOR (5 or More)

12. Complex Signal Phasing

3. Signed School Crossing

14. No Appreciable Right Turns

!5. Short Red [nterval

16. Pedestrian Signal Locations

17. Fully Actuated Signals

18. Capacity Problems for
Acceptance Lane

1$. Railroad Crossing Inter- 1
connection

[

— O 2
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separate {actors or criteria, listed in or-
der of frequency, that have been estab-

lished collectively by the states following N
the generaily permissive rule (as of Janu- AN
ary 1975). Most of the factors were AN
based on intuitive engineering judgment, \
few resulted from research studies or ac-
tual experiences,

in developing guidelines for prohibit-
ing RTOR, it seemed beneficial to re-
view the factors in Table | in context of

®
~N
®

the general principles formulated earlier
and in light of the specific findings of the
various studies. This analysis is pre-
sented in the following. For ease of anal-
ysis and presentation, some of the fac-
tors are discussed collectively.

Five or More Approaches. An inter- @
section with five or more approaches is
one of the two most often cited criteria
for prohibiting the RTOR maneuver.
The problem that arises in this situation

is that for some of the potential '
RTOR's, multiple and/or unexpected ‘
conflicts can occur. These conflicts are

not easily discernible to either the l

RTOR motorist or to the motorist trav-
eling through the intersection on green.

Figure 1. Examples of RTOR conflicts ar a five-leg intersection.

The schematic shown in Figure | can
be used to illustrate two such scenarios.
In one cuse, RTOR motorist (A) may
look for cross-street traffic from up-

unique situations that could be identi- condition, the following minimum sight
fied as restrictive geometrics. a fieid eval- distances would be required:
uation would be required of the sites

proach (1) and may be unaware of cross- ; . . - ; Speed Sight Distance ( Feet)

street traffic from approach (5) or vice which may be involved. [n most cases, a s &

versa. In another case. RTOR motorist ~ Si€ht dl'srx“"“ limitation will be the most 20 120

(B), observing a safe gap in tratfic from cnitical.factor. - . . 30 190

the approach (3). could turn right into Inadequate Sight D"{“"'c" Many 40 270

leg (5) and as a result get into a dan- states have selected stghlc_!u;lqncellmlla‘ 0 360

gerous conflict situation with vehicles tions as a factor for‘prohnl')mng R.TOR.' )

from approach (1). The theory underlying this criterion is In view of the few accidents even at
that an acceptable gap for the maneuver locations that had limited sight dis-

_The approuches where 4 prohibition  must be visible if the movement is to be  (ances. it would appear that the more
sign would be required is dependent  made safely. liberal stopping sight distance require-

upon the specific geometrics. It is not There appeur to be two schools of  ments would be an appropriate limita-
necessary Lo prohibit the movement for thought regarding what is an appropri- tion for the RTOR maneuver.
approuches where there is no additional ate sight distance for the RTOR maneu- The sight distance need not be mea-
conflict problem. as illustrated in Figure  ver. One holds that the cross-street traf-  sured from the stop bar because in real-
L. fic moving on green shouid not even ity right-turn-on-red vehicles move up to

Restrictive Geometrics. The other fac-  have to decelerate because of a right-  the actual intersection line to gain better
tor that was cited s often as tive or more turn-on-red vehicle turning in its path. line-of-sight. However. where there is
approaches was restrictive geometrics.  For example, Indiana.’ using an average  heavy pedestrian density. the sight dis-
Most states are not precise in defining  4cceptable gap of 7.37 seconds. devel-  iynce shouid be measured from behind
this term, it is a catch-all criterion which oped the following minimum sight dis- the crosswalk line to prevent the motor-
can account for several conditions, in- tance for vurious speeds: ist from moving into the crosswalk.
cluding five or more approaches, in- Significant Pedestrian Volumes. The
adequate sight distance. small turning Speed Sight Distance ( Feet) fourth most frequently cited criterion for
radius, etc.. that wouid inherently make prohibiting RTOR is significant pedes-
an RTOR muneuver more hazardous. 20 217 train volume. Two other criteria could

While several examples could be men- 30 325 be discussed within the context of pedes-
tioned, one that occurs with some fre- 40 434 trian activity: 1) signal phasing with an
quency is a highly skewed intersection 50 542 exclusive pedestrian phase (all red): and
where the right-turn maneuver, even on 2) intersections with pedestrian signals.
green, is difficult to negotiate. While the A more liberal philosophy is that the Few states have stipulated what volume
intersection performance or uccident sight distunce should be based on stop- level necessitates prohibiting RTOR.
analysis did not specifically identify this ping requirements for the cross-street Two states. which had a sign permissive
situation to be a problem. it seems logi- traffic. that is. the cross-street traffic rule at that time, stipulated, respectively.
cal that this could be a criterion for pro- should have suflicient sight distance for 50 and 100 pedestrians per hour during
hibiting RTOR at specific approaches. stopping in the event that an RTOR mo- each of eight hours of an average week-
However. because there are many torist is in the traveled lane. Under this day.



The RTOR accident analysis with re-
spect to pedestrians did not reveal any
relationship between pedestrian volumes
and RTOR accidents. This is primarily a
result of the fact that there was such a
small number of pedestrian accidents.
Therefore. there is no evidence ecither
from this study or from previous studies
to state categorically that RTOR should
be prohibited on the basis of pedestrian
volume. From field observations of in-
tersections where heavy pedestrian flows
are experienced. it was noted that heavy
pedestrian flow acted as a self-enforcing
control for restricting the maneuver.
With few exceptions. potential RTOR
motorists do not make the maneuver
where heavy pedestrian volumes occur.

Some jurisdictions may want to pro-
hibit the RTOR maneuver where there
are significant  pedestrian  volumes
merely to be responsive to citizen com-
plaints. One of the results of the pedes-
trian attitude survey was that many pe-
destrians, especially the elderly, feel
endangered by RTOR motorists. As a
result, pedestrians, in practice. may re-
linquish their rights-of-way to agressive
RTOR motorists. Where this conflict is
occurring with substantial frequency. it
may be desirable to prohibit RTOR.
However, a more positive approach
would be to conduct a selective enforce-
ment program and give citations to
RTOR motorists who violate the pedes-
trian right-of-way law.

Exclusive Pedestrian Phase. Some ju-
risdictions make use of an exclusive pe-
destrian phase whereby all approaches
have a red indication and the pedestrian
signals display a steady WALK signal.
During this all-red phase, pedestrians
can cross all legs and in some cases walk
diagonaily across the intersection.

Once again, the study did not result in
any safety or performance data that spe-
cifically addressed this condition. For
example, in Denver, where an all-red pe-
destrian scramble phase is emploved ex-
tensively in the central business district,
the pedestrian accident data did not in-
clude these intersections since they were
signed to prohibit RTOR.

Where such a pedestrian signal con-
trol is used, it is important that pedestri-
ans move across intersections with com-
plete freedom. RTOR in this situation
would be undesirable even though the
maneuver could not be made legally
while pedestrians were crossing either
leg. Usually, the RTOR motorist is pri-
marily attentive to pedestrians crossing
on green or Walk directly in front and
would not expect pedestrians are moving
legally 1n all directions and, therefore, it
would be difficult for the motorist want-
ing to make an RTOR maneuver to
identify gaps in two pedestrian cross-
ings.

Intersections with Pedestrian Signals.
Only one state has recommended that
RTOR be prohibited wherever there are
pedestrian signals, i.e.. WALK—DONT
WALK signais. These signals are nor-
mally where there are heavy pedestrian
flows or exclusive pedestrian phases.
These two conditions were discussed
above, and the reasons for prohibiting
or allowing RTOR are the same for this
case. Therefore. the mere presence of pe-
destrian signals would not be reason for
prohibiting the RTOR maneuver. What
is more important is how the pedestrian
signals are operated. e.g.. all-red phase.

High Speeds Through Intersection.
Five states have stipulated that RTOR
should be prohibited where speeds
through the intersection are high: speeds
of 50-35 mph have been suggested as a
high. The apparent reason for prohibit-
ing the movement in this case is that
RTOR motorists have greater ditficulty
in identifying safe gaps in the cross traf-
fic because of the higher speeds. Also. as
noted under the sight distance criterion.
a longer sight distance is required.

Again, there was no evidence from
field observations or from the accident
analyses that RTOR maneuvers into
high-speed cross traffic resuits in more
accidents than where there are lower
speeds. Given adequate sight distance as
recommended earlier, the RTOR motor-
ist is capable of making the maneuver
safely just as is done where there is a
stop sign control. Therefore, there does
not seem to be any justification for pro-
hibiting RTOR on the basis of cross-
street speed alone.

RTOR Conflicts with Other Move-
ments. Five states have recommended
that RTOR be prohibited where the ma-
neuver conflicts with other vehicular
movements besides the normal cross-
street flow. This situation usually in-
volves the conflict that occurs when
there is a left-turn phase for opposing
traffic. The problem that can arise is that
the RTOR motorist looks for gaps in
cross-street traffic flow but forgets the
traffic that might be turning left into the
same lane during a left-turn phase. This
conflict potential is more serious if there
is only one lane on the receiving link.

The situation does result in some
RTOR left-turn accidents. Of all the
identified RTOR accidents that could be
classified by type. {8 percent were found
to invoive this situation. However, while
this is a sizeable percentage of all RTOR
accidents. it still represents an extremely
smaill percentage of all intersection acci-
dents. Since this type of accident occurs
so infrequently, presumabiy most loca-
tions where there is a left-turn phase
never experience an RTOR accident.
Therefore. it would not be justified to
prohibit the RTOR movement at all in-

section approaches opposite a sepa-

rate left-turn phase. However. it may be
desirable to prohibit RTOR where there
is only one lane into which the move-
ments are made when the opposing left-
turn volume is heavy during several
hours of the day. or where there is a
double left turn.

Another criterion which is listed in
Table | is where **Vehicle Conflict is Se-
rious.” The states that have noted this
criterion are not specific as to what con-
stitutes a serious conflict: presumably,
this could include the left-turn contflict.
complex intersection situations or possi-
bly simply heavy cross-street voiumes.
The first two conditions have been ad-
dressed previously. With regard to heavy
cross-street volumes as a serious con-
flict, no evidence could be found in the
accident analyses that would indicate
that RTOR maneuvers into high-volume
streets are especially hazardous. When
there are higher volumes. there are. quite
obviously, less acceptable gaps for the
RTOR maneuver and. therefore. less
RTOR use: this is borne out by the field
surveys. The heavy cross-street volumes
tend to act as self-enforcing control and,
therefore, higher RTOR accident rates
do not resuit. High volumes alone would
not be a justified criterion for prohibit-
ing RTOR.

Signais Under School Crossing War-
rant. Four states have stipuiated in their
guidelines that RTOR shouid be prohib-
ited at any intersection where the signal
has been installed under the school
crossing warrant. The accident analyses
conducted in various locations did not
provide any data that specifically ad-
dressed this problem. In fact, in both
Denver and Chicago, RTOR is fre-.
quently prohibited at these types of loca-
tions. However. restriction of RTOR at
school crossings has come about fre-
quently from citizen desires rather than
as a result of actual safety problems.

Since stricter safety precautions are,
by practice. normaily followed near
schools or play areas. it may be desirable
to prohibit the RTOR movement at
these locations, especially in deference to
citizen desires. If so, these are locations
where the RTOR maneuver could be
prohibited during certain hours of the
day or where *‘children are present,” as
is done in Denver.

Right Turn from Two or More Lanes.
Three states have recommended that
RTOR be prohibited for approaches
where right turns can be made from two
lanes. RTOR maneuvers made under
this situation can be more hazardous
when there are right-turn vehicles in
both lanes. In fact. a few sideswipe acci-
dents involving two RTOR vehicles were
identified in the accident analysis.

A general prohibition of RTOR at
these locations would preclude sub-
stantial savings in delay for the right-
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turning vehicles. Presumably, when
there are two lanes for the right turns.
there is a high right-turn volume. Con-
sequently, it would be desirable to allow
RTOR in order to improve traffic flow.
Since the chief hazard associated with
this situation is the RTOR maneuver
from the inside lane, it would be desir-
able to prohibit RTOR from that lane
only. However, providing appropriate
signing for this special control would be
difficult. The most practical recommen-
dation is that where there are double-
turn lanes, these locations be studied
carefully before prohibition signs are in-
stalled.

Accidents Related to RTOR. Two
states have recommended that RTOR be
prohibited where five or more RTOR-
related accidents have occurred, the time
frame being unspecified. As indicated in
the accident analyses, the probability of
an RTOR accident occurring at any in-
tersection is low and even lower for
more than one accident. For example, in
Los Angeles during a two-vear study pe-
riod, 187 RTOR uccidents occurred at
267 intersections. which is only 8.3 per-
cent of all the signalized intersections.
Furthermore, only one intersection had
three RTOR accidents and only 18 inter-
sections had two RTOR uccidents dur-
ing the two yeurs.

Because of the randomness of RTOR
accident occurrence, it would be desir-
able to evaluate any intersection where
there were more. than one RTOR ucci-
dent within a year's period. If the acci-
dents involved RTOR's from the same
approach, a field study might identify
operational or geometric features that
might be causative factors. If this deter-
mination can be made. then the RTOR
should be prohibited, at least for that
approach.

The difficulty in applying this criterion
is that RTOR uccidents are difficult to
identify. Assuming that RTOR acci-
dents were coded into a1 computerized
record system, they couid be tabulated
by intersection on a yvearly basis as was
done in the Los Angeles accident analy-
sis. However, few jurisdictions code
RTOR accidents into their computer
system, if one exists at all. Without such
a capability. the identification of high
RTOR accident locations would be
purely coincidental and would reiv on
citizens' or police complaints.

Complex Signal Phasing. Another
factor for prohibiting RTOR which has
been recommended at least by two states
is complex signal phasing. “*Complex™ is
not rigidly defined, but presumably it
could apply wherever there is a signal
with more than a simple two-phase sys-
tem. More likely. it applies to fully ac-
tuated signal control with quad left turns
or to a signal control for a geometrically
complex intersection. The problem of

left-turn conflicts resulting from a left-
turn phase was discussed previously. as
were intersections with more than four
approaches.

One factor which has not been ad-
dressed is the desirability of RTOR
where there is vehicle-actuated signal
control. At first glance, it would seem
undesirable to have a vehicle trigger an
actuated signal and then execute a right
turn on red causing the cross-street traf-
fic to stop for no reason. While this may
be an irritation to the cross-street motor-
ists, they would have had to stop even if
the vehicle did not make an RTOR.
With RTOR permitted. at least the
RTOR vehicle would save time and re-
duce its fuel consumption. Also. there
are vehicle detector placement strategies
for overcoming this problem.

The results of the limited field studies
indicate that savings in delay are realized
for right-turn vehicles under fixed-time
and actuated signal control. Also. there
was no evidence in the accident analyses
that would support prohibiting RTOR
where there is actuated signal control. [t
would seem. then, that prohibiting
RTOR where there is complex signal
phasing would have to be considered a
special situation requiring field evalua-
tion.

No Appreciable Right Turns or Short
Red Interval. These two factors. each
suggested by one state, are related with
regard to RTOR. Where there are “no
appreciable’™ right turns, there is little
opportunity for delay savings. Like-
wise, where the red signal interval is
short for a particular approach. there is
less chance for a right-turn vehicle to
make an RTOR and. consequently, little
opportunity for delay savings. Unless
there is some other reason. such as safety
or citizen complaint, there would be no
benefit from prohibiting the RTOR
movement under these circumstances.
As with any traffic control device, exces-
sive and unnecessary use or restrictive
regulatory signs—where not warranted
in the view of the motorists—tends to
erode the respect for these signs where
they are truly justified.

Capacity Problems for Acceptance
Lane. One probiem which can occur
during traffic congestion periods in ur-
ban areas is that the acceptance of de-
parture lanes are bucked up leaving fittle
or no spuce for an RTOR vehicle. It has
been suggested that where this occurs
with regularity, RTOR shouid be pro-
hibited. The resuits of the computer sim-
ulation analysis and fieid data indicate
that defay savings can be accrued even
during peak periods. However, there are
situations when the back-up problem
would be so severe as to nullify the
RTOR movement. A capacity problem
for the acceptance lane is not manifested
until there is a demand volume which
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approaches that capacity. Therefore. if
there is a back-up problem on the ac-
ceptance lane, it is likely that RTORs
could not be made because of traffic den-
sity on the cross street. Consequently,
this situation. when it occurs. shouid be
a self-enforcing controf and, therefore.
shouid not require signing.

However. if during a field inspection it
is noted that motorists are forcing the
RTOR maneuvers during heavy traffic
low periods and are adding to the con-
gestion on the cross street. it might be
desirable to limit the movement during
certain hours.

Railroad Crossing Interconnection. As
stipulated in the new Part VIII (Sec. 8C-
6) of the MUTCD.* *When the grade
crossing is equipped with an active traf-
fic control system, the normal sequence
of highway intersection signal in-
dications should be preempted upon ap-
proach of trains to avoid entrapment of
vehicles on the crossing by conflicting
aspects of the highway traffic signals and
the grade crossing signals.”” Only one
state has made particular reference to
this situation for prohibiting RTOR.

To be in conformance with  the
MUTCD recommendation., RTOR
should be prohibited for the one ap-
proach that is applicable. If allowed, the
RTOR motorist may. without knowl-
edge. turn into the railroad crossing ex-
posing himself to a conflict with the
train. This restriction should apply at
any location where the traffic signal con-
troller is preempted regardless of
whether there is a train approach signal.
Recommended Guidelines for Prohibit-
ing RTOR.

On the basis of the previous analyses
and in keeping with the general prin-
ciples for prohibiting the RTOR maneu-
ver. the following guidelines are recom-
mended:

RTOR should be prohibited where:

1. Sight distance of vehicles ap-
proaching from the left is less than the
following minimums:

Cross Street Speed  Minimum Sight*
Limit (MPH ) Distance ( Feet)

20 120
25 150
30 190
35 220
40 270
45 320
5 360
55 410

*Sight distance as measured from the stop line if
pedestrian crosswalks are presented or. 1 none.
[rom the edge of the cross-street pavement or curb
line,



2. The intersection has more than
four approaches or has restricted geo-
metrics which cause additional conflicts.
(The restriction should apply oniy to ap-
proaches which have muitiple or un-
usual conflicts that are not easily identi-
fied by the motorist.)

3. There is an exclusive pedestrian
signal phase during which pedestrians
can use all crosswalks.

4. The intersection is within 200 feet
of a railroad grade crossing. and the sig-
nal controller is preempted during train
crossings. (The prohibition should apply
only to the approach from which night
turns are made into the lane crossing the
rallroad. See Sec. 88-7. MUTCD.)

RTOR imay be prohibited where:.

I. Significant pedestrian conflicts are
resulting from RTOR maneuvers.

2. More than one RTOR uaccident per
year has been identified for any particu-
lar approach.

3. There is an unusual movement.
such as double-left turns, that would not
be anticipated by the RTOR driver.

4. There are school crossings or large
numbers of children or elderly expected.

The first four guidelines are coined in
“should™ terms. which indicates that
they are udvisable and recommended
but not mandatory. The second set are
noted as “‘may’ since it would be per-
missible to use NO TURN ON RED
signs under the stated conditions.

These guidelines provide sufficiently
detailed criteria for the traffic engineer
to determine whether a specific inter-
section or approach should have an
RTOR prohibition. However. they ure
also sutficiently general so that they can
be adapted to problems or conditions
unique to any one location. =
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