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ABSTRACT 

Right turn on red (RTOR) maneuvers have been permitted at 
signalized intersections in Virginia since 1972. However, until 
January i, 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-lg77 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 approaches where 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 i, 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 I, 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 

Unif0'rm'Traffic' Control Devices.(l, 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) In 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 i, 
1978, 49 states and Puerto Rico had adopted general permissive 
RTOR. The only state that has not adopted the legislation is 
Massachusetts!;• 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 I, 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 stBdy 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 

i. 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 

9. 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, I0) 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 i, 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.(!l) A copy of the transmittal 
letter and the questionnaire containing a tabulation of the re- 

sponses appear in Appendix A. 

Questionnaire Survey of Traffic Enginee.Fs 
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, 1977, and by February i, 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 



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 Opi.n..ion 
After the RTOR legislation was approved, the Virginia Depart- 

ment of Transportation Safety contracted with a public relations 
firm to conduct a 

pubiic 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 i, 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 1977. 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.(12) 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.(!3) 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 



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

i. 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 study 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 uarious,,.volumes 
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 I, 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, i0 (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 N.umber qf Sig.ngl.ized Intersection Approaches 

RTOR Permitted 

RTOR Prohibited 

LTOR Permitted 

LTOR Prohibited 

Statewide Sites Studied 

8,994 40 

1,740 3 

135 5 

49 0 

Data Collection 

Data were collected at the 48 study sites between November i 
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. 



Thanksgiving holiday (November 24 and 25). As a general rule the 
observations were made from ?:00 a.m. until ii:00 a.m. and from 
2:00 p.m. to 8:00 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 15-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 collecting 
data were prepared and used as a reference during the field work.([5 

Table 2 

Data Collection Task 

Observer Task 

Teain Select study intersections and complet• 
intersection data form. 

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

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

Record approach volumes, opposing 
traffic maneuvers, and pedestrian 
activity. 



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 (I) 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: (I) 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 



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. 

i. 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. 

i0. 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 

!0 



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 i, 1977, it was 
not possible to examine the effects of LTOR on the intersection 
crash rate. 

ii 



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 approach have been investigated by various re- searchers.(3,5,8,1•,lT,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. 
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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 Prohibitin $ 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. 

•ALYSIS 

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. 
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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 

1. the laws have not created problems and should be 
retained; 

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

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

4. 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. 

i. Of the 75 officials responding, 68% felt that 
RTOR had created no enforcement problems, 2.9% 
felt that the maneuver had created a minor 
problem, and no one felt that it had led to a 
major problem: 

2. 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. 

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

4. 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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5. Ninety-five percent of the officials felt that the 
RTOR law was beneficial and should be retained. 

6. 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. 

i. 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. 

2. 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. 

3. 0nly one official indicated that LTOR maneuvers had 
been observed at intersections other than intersections 
of one-way streets. 

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

5. 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. 

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

7. 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. 
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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 

i. 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 ii pertained to 
RTOR. A summary of the responses is given below. 

I. As of December i, 1977, RTOR was permitted at 84% 
of the state's 10,734 signalized intersection ap- 
proaches. 
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2. 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. 

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

4. 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. 

5. 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. 

6. 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. 

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

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

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

i0. 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. 
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Summary 

Table 

of RTOR Implementation 

Jurisdiction 

Abingdon 
Alexandria 

Arlington County 
Ashland 

Big Stone Gap 
Blacksburg 
Blackstone 

Bluefield 

Bristol 

Bristol District 

Bedford 

Buena Vista 

Charlottesville 

Chesapeake 
Christlansburg 
Clifton Forge 

Colonial Heights 
Covington 
Culpeper 

Culpeper District 

Danville 

Emporia 
Fairfax 

Falls Church 

Farmville 

Franklin 

Fredericksburg 
Fredericksburg District 

Front Royal 
Galax 

Hampton 
Harrisonburg 

Henrico County 
Herndon 

Hopewell 
Leesburg 

Lexington 
Luray 

Lynchburg 
Lynchburg District 

RTOR 
Permitted 

24 

378 
517 

I 

20 

43 
2 

12 

92 
42 

6 

92 

95 

12 

27 

35 
34 
13 

181 

115 
8 

57 
84 

8 

19 

51 
8O 

23 

21 

395 
88 

122 

61 

2 

5 

0 

150 

RTOR 
Prohibited 

0 

78 
68 

1 

0 

7 

23 
4 

40 

2 

25 
24 

53 

12 

4 

2 

17 

16 

3 

15 
14 

12 

ii 

18 

15 
8 

28 

l! 

1 

3 

12 

4 

19 

5 
38 

8 

28 

4 

37 

4 

% Permitted 

I00 

83 
81 

50 

i00 

86 

8 

75 

70 

95 

19 

63 
89 

93 
6• 
68 
81 

92 
89 
40 

84 

82 

35 

70 
65 
88 

96 
88 

97 
96 
87 

62 

20 

80 

96 
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Table 8 (continued) 

Jur±sd•ct±on 

Manassas 

Manassas Park 

Marion 

Martinsville 

Newport News 

Northern Va. District 

Norton 

Petersburg 
Poquoson 

Portsmouth 

Pulaski 

Radford 

Richlands 

Richmond Richmond Di•t'rict 
Roanoke 

Rocky Mount 

Salem 

Salem District 

South Boston 

South Hill 

Staunton 

Staunton District 

Suffolk 

Suffolk District 

Tazewell 

Vienna 

Vinton 

Va. Beach 

Warrenton 

Waynesboro 
Williamsburg 
Winchester 

Wythevil!e 

TOTA• 

RTOR RTOR 
Perm±tzed PrchlbiZed % Perm±tZed 

4O 

4 

19 

71 

373 
8O3 

1336 

75 
4 

'4O8 
22 

28 

913 
346 
325 

5 
104 

120 

18 

0 

73 
61 
38 

120 

36 
8 

392 

i0 

36 
30 

100 

40 

i 

0 

9 
63 

120 

82 

0 

28 

0 

27 

1 

314 
18 

136 
3 

12 

I0 

3 

9 

29 
I0 

l0 

0 

0 

2 

98 
2 

i 

22 

0 

!740 

98 
i00 

68 

53 

92 

!00 

iO0 

94 
92 

9O 
86 

95 

7O 

63 
90 

92 
86 

89 
68 

79 

92 

I00 

i00 

80 
80 

83 
71 

97 
82 

i00 

899• 
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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. 

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

2. 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. 

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

4. 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. 

5. 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. 

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

7. 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. 

8. Seventy-eight percent of the officials felt that motor- 
ists were not aware of the provisions of the LTOR legis- 
lation. 

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

i0. Three officials felt that the LTOR law was confusing 
and should be rescinded. 
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Table 4 

Summary of LTOR Implementation 

Jurisdiction 

Alexandria 

Arlington County 
Charlottesville 

Danville 

Fairfax 

Franklin 

Fredericksburg 
Harris onb urg 

Lynchburg 
Mart ins vi lle 

LTOR 
Permitted 

I 

LTOR 
Prohibited % Permitted 

i00 

i00 

I00 

i00 

i00 

i00 

0 

67 
2O 

25 
Newport News 

Norfolk 

Petersburg 
Richlands 

Richmond 

Roanoke 

Staunton 

Winchester 

Total 

22 

2 

0 

2 

0 

2 

11 

96 
4O 

0 

I00 

88 

i00 

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. 
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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. (12) 

i. 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 
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October 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) 

i. 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. 0nly 15% of the persons contacted noted that they had 
experienced d•fficulties 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. 

i. 0nly 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 res£dents surveyed gave a 

correct or partially correct answer. 

2. Over 64% of the persons surveyed approved of LTOR, 
while 25% did not approve. 

24 



Tab le 6 

Results of Questions Dealing With 

RIGHT TURN ON RED 

Response 

Definition* of Right Turn on Red 

Completely correct 
Partially correct 
Incorrect/don't know 

Approval of current right turn on red practice 

Yes 
No 
No answer 

Experienced difficulties with right turn on red 

No 
Yes 

Too many prohibitive signs 
Stopped cars where RTOR possible 
Conflicts with left turning vehicles 
Pedestrian problems 
Other 

Frequency (%) 

4! .4 
47 .I 
i!.5 

90.2 
7.3 
2.5 

85.2 

2.2 
4.4 
2.9 
1.2 
3.4 

*"'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 re@pondent knew only that a right turn on red 
could be made. (!3 ) 
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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 
Partially correct 
Incorrect/don't know 

Approval of left turn on red policy 

Yes 
No 
Undecided 

19.0 
13.4 
67.6 

63.9 
25.3 
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 sum/narized 
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 12-hour period, were adjusted to cover 
the same 4-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 
4-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 

Adjusted 1975 Before 
vs. 1975 After 

Adjusted 1975 Before 
vs. 1977 RTOR Pro- 
hibited 

Adjusted 1975 After 
vs. 1977 RTOR Per- 
mitted 

Adjusted 1975 After 
vs. Same 1977 Sites 

1977 RTOR Permitted 
vs. 1977 RTOR Pro- 
hibited 

Adjusted 1975 Before 
vs. 1977 RTOR Per- 
mitted 

Number 
of 

Sites 

15 
15 

IS 

15 

4O 

Average Intersection 
Mean Delay Per 
Delayed Right 

Turning Vehicle, 
In Seconds 

25.61 
10.90 

25.61 

t Statistic 

5.97,, 14 d.f. 

0.31, 16 d.f. 

Significance 
• ='0.01 

40 

15 

4O 

27.26 

I0.90 

14.67 

9.85 
9.13 

14.67 

27.26 

25.61 

14.67 

1.39, 53 d.f 

0.48, S d.f. 

2.60 3 d.f. 

4.05, 30 d.f. 

Yes 

No 

No 

No 

No 

Yes 
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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 14.67 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 14.1 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 o•e 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 comparison, 
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 Pelt 
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 (I!%) 
off,hem, 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 Chicago 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 (48%) 
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 opposing 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 48 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. 0nly 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. 

i. 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. 

Because few RTOR conflicts were observed, statistical 
relationships 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 volumes and long signal cycles. 



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. 

i. 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, !0 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 
numbem 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 empirical 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 intemsection 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 weme collected at 5 sites and the 
resul•s 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 l, 1977, 
and data collection did not begin until the following November, 
it was not possible to make before and after delay measurements 
at selected sites. It was originally anticipated that to provide 
an estimate of the time saved delays would be recorded at sites 
with LTOR and at sites wheme 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 wheme 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. 



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 

Turn on Red Permitted 

Turn on Red Prohibited 

LTOR 

No. Of 
Sites 

Mean 
Delay, 
Seconds 

15 .i0 

21.38 

RTOR 

No. of 
Sites 

4O 

Mean 
Delay, 
Seconds 

14.67 

27.26 

•ehicle 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 Indiana0 (5) The 

33 



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 inVirginia (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, 59% 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 i (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. 

i. 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.(6) 

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. 

i. 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 •zz•h•9) 142'270 crashes that occurred in Vir- 
ginia in 1977. 

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

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

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

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

6. 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 and six 
month after period is shown in Table i0, 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). 

2. 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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Table i0 

Intersection Accidents 

Six Months Before and After RTOR 

intersection Location Before After 

Rte. 60 & James City 4 2 
Rte. 30 and 168Y County 

Rte. i & Rte. 73 Henrico County 3 8 

Rte. 460 Town of Narrows 0 i 
& Rte. 61 Giles County 

Rte. 143 & Rte. 641 York County 3 

Rte. ll & Washington 
i 

Rte. 140 County 

Rte. 17 & Gloucester 
Rte. 216 and 1219 County 

Rte. 58 & Rte. 501 Halifax County 

Right Turn Disregarded 
No. of Accidents RTOR Accidents 

on Green 
Before After =efore After" Before After 

•,,' i'r -• ,',' 

Rte. 50 & Rte. 522 Frederick 
and 1-81,Ramps County 

Rte. ii & Service Botetourt 
Road (MP 24.36) County 

Rte. 60/220 Alleghany 
& Rte. i!04 County 

5 2 

1 1 1 ! 

4 1 

1 2 

2 3 i 

2 2 

i 

1 1 

Town of 
Rte. 21 & 

Rte. 58/221 Independence 
Grayson County 

Rte. 3 & King George 
Rte. 301 County 

Rte. 50 & Rte. 699 Fairfax County 

1 0 

5 4 

Rte. 1 & From 
150 ft. North of 

Rte. 608N to 150 ft. 
South of Rte. 1411 

Chesterfield 
County 

Rte. 7 & Fairfax 
Rte. 676 West Count• 2 6 

Pittsylvania 
Rte. 29 Bus. County 

& Rte. 40 (Town of i 3 
Gret,la) 

Town of 
Rte. 1 & Dumfries 2 3 Rte. 234 Prince William 

County 
Rte. ii & 115 Roanoke County 13 5 

Total 68 54 0 2 12 

i 
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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 periods, 
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 !, 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 obtaine4 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 = 8,994 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 ai. 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 lenKths and 
coordinated signals in a typical urban traffic situation. (I•) 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) 
Th@ 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 
5,847 seconds (0.14 to 1.57 hours) per approach per day. The amount 
of fuel saved during the period July 1 through December 31, 1577, 
at 135 LTOR approaches was estimated as 

FS = 135 approaches x0.14 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 = 148 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 ii. 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 volume 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 

X I, Length of red phase, seconds 

X 2, Number of right turns per hour 

R 
2 

= 0.81 4 = 0.90 

Standard Error of Estimate = 

Regression equation is 

Y = -24.51 + 0.356 X ! + 0.439 X 2 

•where 

-24.51 5.45 -4.50 

0.356 0.098 3.62 

0.439 0.042 10.49 

13.69 d.f. = 37 

Y = average number of right turns on red at the study 
approach per hour; 

X 
I = length of the red signal phase for the study approach, 

in seconds; and 

X 2 = average number of right turns at the approach, per hour. 

Guideline• 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. 

43 



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: (i) "Walk Don't Walk" phase on the ap- 
proach leg, (2) separate left turn phase opposing RTOR, (3) exclusiw 
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. 

J7) 
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 

28 

20 

3 

3 

I 

20 

Guidelines Used 

No formal guidelines 
VDHgT guidelines issued May 1977 

FHWA guidelines 
Developed own criteria 

Guidelines in 1975 Council Report 
No response 

NOTE: Responses are to question 26 of the survey of traffic 
officials (Appendix B). 
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Table !4 

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. 

!. 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. 

There is an exclusive pedestrian phase. 

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 En$ineering (now ITE Journal), and 
is reprinted in Appendik'L"'wi•h 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. 

Sisns 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 



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 ? 9 a.m. and 4 

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 i. Symbolic NO TURN ON RED sign. 



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. 

Stop 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 thatlthe 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. 

Cont.i.nuing P..rogram 

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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i0. 

ii. 

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 i, 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. 



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

13. 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. 

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

15. 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. 

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

17. In 1,091 RTOR maneuvers, ii% 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. 

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

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

20. 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. 

21. 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. 

22. Estimated fuel savings in 1977 due to RTOR were 3.6 million 
gallons. 
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23. Factors found to significantly affect the number of RTOR 
maneuvers were the number of delay right turns; the per- cehtage 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. 

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

l 

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

0nly 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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i0. Over 78% of the traffic engineers felt that LTOR was 
beneficial and should be retained. 

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

12. 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. 

14. 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 (14 seconds). 

15. Of the 63 motorists who had an opportunity to turn left on red, 
only 59% did so. In Richmond and Newport News the acceptance 
rate was 88%. 

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

17. 0nly 2 traffic conflicts were observed between LTOR vehicles 
and other traffic and pedestrians. 

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

19. 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. 

i. 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-!84(a) of the 
Code is recommended. 
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APPENDIX A 

QUESTIONNAIRE SURVEY OF VIRGINIA LAW 
ENFORCEMENT OFFICIALS 

PART A: TRANSMITTAL LETTER 

COMMON%YEALTH c/Y]RQfNTA 
HIGHWAY & TRANSPORTATION RESEARCH COUNCIL 

3HW,•,Y ,"R,•NSPORTATION P]E$•=ARCH COLINCIL 
November 25, 1977 

•OX •17 •NIVERSITY STATIOr4 
CHARLOTTESVILLE, VIRGINIA 2•903 

EPLY PLEASE 2 3 7 4 3 

23, 1977. 

s•y, •!•se ¢•==•c: •i= •. P•k•, Jr., •E o• •ic•, :a!•h•ne (804) 
877-0280. •a• you f• yo• c•cp•azion a• ass•z•ce. 
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PART B QUESTIONNAIRE 
WITH A SUMMARY OF RESULTS 

QU,".STION•AiRE SURVEY OF VIRGINIA LAW r.•r,•-•,,•r•v" -,, e 

Right and Lefz Turn on Red 

Juriadic=ion 75 Virginia Law Enforcement Officials February l, 1978 

PART A Righ• Turn on Red 

Note: Responses are from •5 localities with RTOR. Results are expressed in percentages. 
2. How woui.& you categorize law enforcement associated wi•h ,'.he new generai permissive 

rignz •urn on red (RTOR) law •haz became effeczive on January !, 19777 

0 Major Problem 29 Minor Problem 68 No Problem 3 No Reply 

3. Based on ycur experience, please r•te mctoriszs' compliance wi.-.h =he new RTOR law 
wizh regard •.o •he f.ol!cwing i•.ems. Check one condition for each i=em. Not No 

:-.z'.,: --x•_•_•_,.-. -. :..•c__• •a:- ?=•_._•r Applicable Re_R • 

•,¢• :•, Mak[h K RT OR 
when permitted • 

3__•6 4•3 ._..8._ 0 5 

5__2 L2 3__ LI. •5 
4•8 3,5 5__ __0 • 

Are you aware cf any accidenzs :hat can be atzr•uted to zhe new RTOK law? 

L? /ca Please give a sum•r.•r7 of the accident experience •'--: "•:•-- :he nut.met, 
severi:?-, ar.d .•ype of accident. 

7• accidents were reported in which 4 persons were injured. See Appendix 
for summer Z of accident experience. 

80 no. 
3 have not conducted accident study. 

; /as ycur depar•men• •o o: • __c•ve• public ccm•nenZ -•=gerc.tn• the new R.•R law? 

43 yes. Please indica•.e the numb= --. and na.•,.re of .-•. ccmmen:s r=,-={ 

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

to permit RTOR at more intersections. There were some complaints that 

55 
.° no reply. 

RTOR motorists did not stop and yield the right-of-way. 
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Based on your experience, wha: is your o.sinicn of :he new RTOR law? ?!ease ,•:'ze 
a reason for your answer. 

OD inion Reason 

95 Law should be retained. Expedites the movement of traffic and saves fuel 

Failing to yield to pedestrians and small vehicles Law should be rescinded. 

Law shouldbe amended. How? To include stop and remain until after pedestrian walk 
'3 No reply, phase has terminated 

T£E• Ai%Z N'O S "•-'•'[A,•D• •v- •¢=•iONS rN YOUR JURISDICTION WHEP,• A • u•v •=•- 

TERSECTS A ONE-WAY ST•ET, SKIP TO QUeST!ON 13. 

PART B Lefz Turn on 

)tel Responses Rre from 8 cities witch LTOR. :Results are expressed in percen•ges. 
How wo,'.!d you cazego•ize law enforcemen:, associated ,•izh •he new gener=_! 
ief= :urn on red (LTOR) !aw (f•om a one-way sz•----•, onzo a one-way s,-.ree,=) :ha: 

•77 • became effeczive on J•,_!y 
•, 

28 Minor Prob!em 72 No Problem 0 No Reply 

Based on your experience, please raze mo•-.oriszs' compliance wi:h :he new LTOR Law 
wizh regard •c :he foliowin_= i:ems. Check one condi=icn for each i:em. 

Not No 
Applicable Reply 

6._..k.[ • _to o_..t_ 6 

._t,%. 2_2,.....t o_t_ • 

5__• • _9_0 •s_/_ __t6 
• •__• 2_2_2 o_t_ • 

Have you sbsarved mozor:sza zurn,n• 
of •ne-way szreeza? 

6 yes P• ==se indica=e =he nu,-•er and na.=ure of zhese ions. 

Several LTOR maneuvers have been witnessed at intersections other than 

oDe-wRy streets. 

94 no. 

•e you aware of an), a-ci/en=s -ha- can be az-_ribuz --• :o :he new LTOR law? 
%.. 

0 Zes. ?lease give a su=zn•ar 7 of :•=.._ ace :,•=• ex•_erienc =. _,_____.,•;•"•:• :he number, 
severizy an! :•e o.f acelden:. No accident experience •s reported. 

Ho•ever• see the results of the traffic engineer's questionnaire Appendix B. 

[00 no. 
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:5•-•-,,• e new LTO•, Law? 

[7 /es. Please indicate the nu•er and nerve of the commenzs received. 

Generally, public comment •s been favorable; however, some unfavorable 

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

83 

!2. Based on your experience, whaz is your opinion of zhe new LTOR law'? Please give 
• reason for your answer. 

0oinion Reason 

89 Law should be rezained. 

5.5 Law should be rescinded. 

Facilitates the movement of traffic and has not caused 
prob 

Law is confusing to the public. 

should be amended How? Allow [eft turn from a one-way street onto a one-way 
not from a two-way street onto a one-way street. 

PART C General 

Please lisZ inzarseczions where you have observed problems wizh ,,•0R or LTOR. 

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

i•. Addi-.iona! commen•s or observazions. Some siwns prohibiting RTOR and LTOR should be 

be removed. Some Deop[e do not stop before turning on red. The public should be 

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

Would ".you like a copy of our final reporz on <his project? 

9[ yes. 

G no. • no reply. 
Yo ,• name 

Ti•.le 

Mailing Address 

Phone Nun.her Area Code 

?hank you .fo•" your ccoc.erazion and assiszance. The infcrmauion you have orcvi,/ed ,will 
be •=_b'•_iazed along wizh da•a from o•her jurisdiczions and summarized in zhe fins! recor• 
if you have any questions or wo•d like more informazion concernin@ zhe szudy, please 
con•ac:" Marzin R. Parker, Jr., Virginia Highway g 7ranspcrrazion Research Council, 
,'•ar!orresv;•i=, V;-•;•:• Te•=chone (80a)977"0290 
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QUESTIONNAIRE SURVEY OF VIRGINIA 
TRAFF!C ENGINEERS 

PART A" TRANSMITTAL LETTER 

November 29, $977 

Dear 

AZ zhe requesZ of several members of zhe General Assembly and officials 
of zhe Depar•menZ of Highways % Tmansporzazion and Zhe Highway Safezy Division, 
the Virginia Highway g Transpor•azion Research Council is conducZing a sZudy 
Zo deZermine Zhe effecZs of •he new general permissive right and lef• %urn on 
med laws Zhaz became effeczive Zhis year. 

The scope of zhe szudy includes field inveszig•zions designed •o examine 
zime and energy savings and driver acceptance and compliance wizh zhe law. The 
sZudy will also include inpuz from •he sZaZa's Z•affic engineers, law enfo•cemenz 
officials, and Zhe general public. To enable us Zo examine Zhe manner in which 
the mighZ and !err zurn laws were implemenzed, i would appmeciaze your comp.!e•ing 
rhe azZached quesZionnaire and reZurning iz by FFiday December 23, !977. 

If you have any quesZions or would !•<e more informazicn concerning :he 
szudy, please con•acZ MarZin K. Parker, Jr. of our office, Ze!ephone (80%) 
977-0290. Thank you, for your cooperaZion and assiszance. 

S inc•re!y, 

Virginia Highway & Tr-nsporza.ion 
Research Council 

MRPjr/bsm 
AZZachmenZ 
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PART B: QUESTIONNAIRE WITH 
A SUMJlgRY OF RESULTS 

QUESTIONNAIRE SURVEY ,OF .VIRGINIA T•{FFIC ENG!NEZRS 

Right and Left Turn on Red 

I. Jurisdiction ?5 Virginia Traffic Engineers Date February I, 1978 

PART A Right Turn on Red 

2 Please _nd_ca•. the number of igna!ized intersection approach legs in :your ]•isdict 
•z which right turn on red (RTOR) is .ce-•mit•ed and the number at ,' •n_c. • i•- •s" prchi•i• 
under the new general permissive RTCR law that became effective on January !, 1•77. 

8994 N•mb•__ of approach le•s =•-" which RTOR is permitted =s- of December 1, 

1740 •Ium•er of a•proach le•s at which RTOR is •rohibited w•zn a ,.,O 3U73[ ON 
sign as of December !, !977. 

3. Indicate the nu•.nber of approach.. __•=gs at - ;..•n_c,. • RTOR is •rohibited for each reason 

below. If RTOR is prohibited at an approach for more than one reason, use the most 

i•Dorta•z reason. 

885 
121 
87 

40 

20 

13 

!52 
95 
13 

0 
107 

45 

1 

158 PLease •peci•/ :eas=n Dual mi•h• turn lanes, 
co•lex intersection desi•, fire s•aZion 
preemption, e•c. 

4.* S'•nce January !, 1977, have you permitted =•o .,•,•, a• any ap.nroaches ,where you ini=iaiLy 
prohibited :he maneuver? 

29 yes. Please give n•er of approaches and reason(s) for the chan•e. 

RTOR permitted ar 269 apDroaches due to imDroved sizhZ di$•ance• intersecXi 
redesi•, p•lic'requesr, etc. 67 no. 

4 No Reply 

* Denotes that responses are expressed in percentages. 



2h yeS. PLease give n•T•er of approaches and reason(s) for :he chan•e. < •- 

RTOR p=oh•i•ed at S7 a•proaches due •.o.p•%! q complaint 
z neam accidenzs• 

inadeq•Ze sizhz •srance, and hea• pedestrian activity. 
75 no. 1 No Reply 

:he near fuZ'•e? 

17 yes. Please indicate the n,mmber of approaches and r77e of chanze. 

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

79 no. 

4 No Reply 
you aware of =--ny ac-ii_..-.- -• can e,• 

in which 4 persons were injured. See A•Dendix for summary of 

accident experienc@. 
79 no. 

5 No Reply 

33 no. 

Numerous comments were received ,reques=ing removal of "NO TURN ON RED" 

siKn.s... Mos!.. ¢gmme•s....were ..in .favor of RTOR, howeg.e.r.• there, were. $•me complaints concerning motorists not stopping before turning on red. 

• No Reol, y 
Bii'ed •n yb,,_r experience, please rare motorists' compliance with the new ?.TOR law 
with reZard zo the following items. Check one condirien .=or each item. 

Usin $ shouldem, D. C. and 0 
Mac!and moZomisZs nor aware of RT•law. 

58 16 I 
44 32 7 

17 43 3• 

48 8 4 
4.8 25 7 

0 0 3 

Not No 
Applicable Reply 

I 8 

! 8 

9 8 

3ased cn >,our observations, :chat do you fee! are :ze benefir• -=nd orob!ems wi-.Z :he 
caw RTCR •aw o •"•= imDlemen•a:ion cr•D!ems if ,:•v '• =='-" •-•i.-•ies were =nccunzared 
3enafi=s ImD•ves movement of traffic and saves time and fuel. Reduces the nu•em 

of vehicles delayed by the red light. 
Problems Motorists do not stoo before turnin• on red. Motqrist expect RTOR a• al• 

intersections. Motorists switch lanes to ut&iize RTQR. Out of state driver-s do not utilize RTOR. 

Denotes that responses are expressed 
•n percentages. 
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Based on your =xcer ;=•c= wha:. is your ocinicn oi .:•= new KfOE •aw. •._eas g•ve a 

reason for you• answer. 

0•inion 

9• Law should be reZained. 

1 Law shouid be rescinded. 

•eason 

Saves time and fuel with few prob].@•s 
Crea•es confus ion. 

3 Law should be amended. How?ReZumn •o sign permi.ssive law% Use right ZurD yield 
3 ,N,o P.ep! [ 

iF THLR• AkE •f0 SIGNALIZED ZNTERSECTI0•fS IN fOUR JURISDICTION WHE• A C•.;Z-WAY STP•T 
_.•T••.S A ONE-WAY ST•T, SKIP TO QUESTION 23. 

Responses are from 18 cities 
NOTE: wiZh LTOR. PART B LeEr T•n on Red 

-• _•= =• •=• =- which lef: ll. Please ,ncl •:•: number of •i:n-_i •-rersecz•n approach 
r•'•n cn •=•___ (•=)•,, ,='- Dermizt =•. and •=. nu•er a: which ;-• :-= •:•-ed,.•,._•_.. from .• one- 

=: ,i,'a cn July 

• •,[um.•er ,f approach !e•_s =.- ,-,•;•h .•:0•. '- -er.mi='.ei as of •=-ember i 77 

si•?., as of December i, 1977. 

!3. !ndicare zhe number of approach !e[s aZ which LTOR is prohibited for each =eason 
iiszed below. Z_ = LTOR is prohibited at any approach for more :hen one reason, use 
the mosZ important reason. 

23 

q. 

7 

0 
7 
0 

0 
0 

0 
0 

8 

Since July I !977, have you oermizzed LTOE aZ any aporoaches were you :,{.4=•,, 
prohibited =he maneuver? 

0 yes. Please give zhe nu.•=er of approaches and reason(s) fur =he change. 

89 no. 

Ii No Reply 
!5 .• •ance J,'•y •, •977, have you •ronibi:=d LTOP, a• any apcroaches ,,n you ini:iailv 

cermir=ed rhe maneuver? 

6 yes. Please give number cf approaches and reason(s) for :he chanze. 

LTOR prohibited at one intersection because o9 me•e•4•t cemP•{•n_ 

9• no. 

Denotes that responses a•Pe 
expressed in percentages. 



c• !ace - --•- .o c±n•) L?.J •:. =,.;. aocrcacnes., in -•....e 

near fu,-.ure ? 

0 yes. Please indicate the number of a•roaches and •,•e of •han•e. • •.•.6, 

I00 no. 

of .•ne-,•a F s•eers? 

28,7es. ?lease indicate the z•er and naz•e of these vioiazi•ns. 

Several left t•ns from a •wo-wav szree• onto a one-way, street a•d 

z•ns fro,• a oDe-way street onto a •wo-wav street war9 reported. 
72 no. 

Zo• iocai !aw enforce=ant cfficiai. Thre e accld.•nzs invoizin• LTOR 

vehicles .were. reposed. See Aooendix for 

83 
6 No R. epi.y 
/cur -------o•- received • 'ub•i c•m•.en= rezardir. • =he mew LTOP, law? 

Several inquiries re•uesZin[ information on LTOR and co•entin[ •ha• 
:he law i s .coD•in •. 

56 

3ased cn your exzerience, please raze motorists' compliance wi•h the new 
with reset! zo the fol!owin$ i•ems. Check one condition for each i•em. 

3ased on your observations, what do you f__,_ are •.he banal:q-, and =rcDiems •wi•zn -.he 

new LTOK law? include implementation p.roblems if any diffi•u!•ies were encountered. 

Benefi'.s Improves the movement of traffic and saves fuel a•d time. 

Motorists are not aware of the •OR law. 

Denotes that responses are expressed 
in percentages. B-5 



the new LTOR law '• ?!ease •ve a 22. :: Baaed on yo"•r exzerience, what is your opinion o• 

reason for },our answer. 

78 Law should be retained. 

•7 Law should be .•escinded. 

0 Law shouii be amended. How? 

Reduces con[estien and 

5 No Reply 
PART C General 

23. Please list intersections where you have observed problems wi•h RTOR or LTOR. 

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

field studies. 

'%[0 2• Do you use a •u.mpiementar-I si•-n L-• cznju•czi=n •;• }IO TUrN ON •D sa•., -.•., 
TU?•.[ 0N •D From 7:00 zo •:00, a.m., iaszaad of •roh•izin Z •...., m•.euver a&:o•zh =•°_ 

7 yes. •==se desc•e c,n• ":';•-(s) Durinz hours of hea• pedestrian traffic a•d 
school traffic volumes, One ci•. is considering their use at_school crossi[ 

85 no. I N•applic•le 7 No reply 

25., •o you feel the new RTOR and LTOR laws have led Zo 9 si•.ifican• chanee in •he aczide 
ra•e az si•alized intersections? 

0 Si•ificanz Lncrease 

84 No 

0 Si•ificanr decrease 

9 Other. Please cogent Accident studies will be conducted in the near future. 
7 No Reply 

25. Please list (or enclose a copy of) your g•de!ines for proh•i:inz z'•s on red. 

Response were: 28 cities had no formal guidelines • •ed FHWA guidelines 20 •ed VD} 

guidelines 3 had for•naily developed their own criteria; 1 used RTOR study guidelines 

and 20 cities did not respond. 

27. Addi=ionai comments or observations. Overall observations of turn on red maneuvers inc 

the benefits outweigh an Z pr.oblems. Motorists should be reminded to stop and•_'eld t• 

,right-of-wav before t•rnin•. 

* "4cu!i you like a copy of our final report on this project? 

90 yes. 
5 no. 

5 No Reply 

Denotes tha• responses are expressed B-6 
in percentages. 



7i.'•!e 

P•hone number (amea •ode) 

•.k you for you• cooperzZion an/ assiszance. The infcr•rion you have provi/ed wili be 
•,om orb=- ]'•isdiczions •d •ummemizad in :he final 

have any queszions or wou!d iike more informaZion zonzemninz the szudy, please 
•'n• R. Park:m, .J•., /_r=•,.za Haghway S T•ansDorza•ien. Ch• •':•v• •=, 
•inia, Teiephene (80•) 
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APPENDS' _X C 

SURVEY OF PUBLIC OPINION 

P•_RT A: QUESTIONHAIRE PREPARED BY A 
PUBLIC RELATIONS FIR/'[ 

Note" Questions submitted by George Douglas, Public Relations, 
Inc. for the January 1977 •ub!ic opinion poll. 

Are you aware o • the law -'-- •Q77 •n=• went into effect January ], 
•!lowing drivers to •urn Right on red !igh•_s at intersections? 

(Go to Q • No/DK 

Yes What are the precautions that should be taken before 
you Turn Right on a red light? What else? 
(FOR THOSE NOT MENTIONED:) Are you aware That you 
should • How about 

U[,tAiDED AIDED 

Come to a complete s=op 

Check to see that no cars 

a•o coming from !eft 

Yield to all cars and 
pedestrians in intersection 

i 2 

Check for "No Right Turn 
On Red" Signs 

OTher Precautions 

DK Precautions (Unaided or Aided) 
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PART B: RESULTS OF THE RESEARCH COUNCIL'S 
TELEPHONE SURVEY 

Note: Results were taken from the 1977 Virginia Highway Public 
Opinion Po!l(!3). Responses are expressed in percentages 
and are based on replies from !730 persons 16 years of age 
or older. 

i7. Tel! me what the term "right turn on red" means. 

i. Completely correct 
2. Conceptual!y correct 
3. Incorrect 
4. Don't know 
5. Refused 

Percent Reply 
41.3 
•7.0 

7.4 
0.2 

18. 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 on red" as it is 
Currently practiced? 

Ca•le•orz, Per@entl R•lplY 
!. Yes 90.! 
2. Ho 7.3 
3. Undecided 1.2 
4. No opinion 1.3 
5. Refused 0.i 

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

Category Percent, Ren• 
i. Yes i5.5 
2. No 83.2 
3. .Don't know !.I 
4. Refused 0.2 

20. What sort of problems have you encountered? 

Cate$ory 
1. Too many prohibitive signs 
2. Conflicts with nedeszrian 
3. Difficulty as a pedestrian 
4. Stopped cars where RTOR possible 
5. Conflicts with RTOR vehicles (cross. traffic) 
6. Other 
7. No s•= •z•c 
8. Refused 
9. }[o problems 

Percent Reoly 
2.2 
0.6 
0 5 

2.9 
3.9 
0.4 
0.! 

85.0 
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2. Conceptually correct 
3. incorrect 
•. Don'" know 
•. Refused 

Percen-_ ReD!v 

13.2 

56.8 
1.2 

22. You can make a left turn at a red !ighr as. !on== as you are 
Zurnin-- from = one-way street onto a •ne-wav street, and as 
,•ong. as the way is comp!etelv• •lear• Do you aDnrov=_. of •h=_• 
policy of "!eft turn on reed"? 

Catezory Percent Reply 

2. No 25.2 
3 Undecided 5.0 
4. No opinion 5.7 
5. Refused 0.2 
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APPENDIX D 

FIELD STUDY SITE CHARACTERISTICS 

In•ersec• ion 

Arlington 31yd. 

Emmet St. 

Pop far 

250 

Monumen• Ave. 

Willow Lawn Dr. 

Ivy Rd. 

Alderman Rd. 

Euclid Ave. 

Vance St. 

lld Ave. 

Commonwealth Ave. 

Rt. •i 

Route 29 

Greenbrler Dr. 

Memorial Ave. 

Wadsworth St. 

Grove Ave. 

Malvern 

Boulevard 

Broad St. 

Fall Mill Ave. 

Jefferson Davis 
Highway 

Jurisdiction 

City Charlottesville 

City 
of 

Waynesboro 

Richmond 
Highway 

District 

City 
of 

Charlottesville 

City 
of 

Brlscol 

City 
of 

Bristol 

City 
of 

wyt•eville 

Culpeper 
Highway 

District 

City 
of 

Lyncnburg 

City 
of 

Richmond 

City 
of 

Richmond 

City 
of 

FrederlcksDur• 

NumDer 

Int. 
Turn L Signal Approach Turn Area Type #::s •escrlpt!on Studied 

:Approach 
Red 

Commerc lal 

Commercial 

•esldentlal 
Commercial 

Commercial 

Commercial 

Commercial 

Central 
Bus. 

District 

Commercial 

Residential 
Commercial 

Reslden•lal 

Commercial 

Comnerclal 

T RTOR 

RTOR 

RTOR 

RTOR 

E.B. 
Arlington 

Actuated, S.B. 
Phase Emmet 

Rt. 25O Fixed TLme 
Phase 

N. •opiar 

Willow Lawn 
Actuated' W. •. Phase 

Monument Ave 

Actuated, 
Phase 

Actuated, 
Phase 

RTOR Actuated, 
Phase 

"4 RTOR 
•Ixed Time, 

Phase 

RTOR Actuated, 
Phase 

RTOR Actuated, 
Phase 

RTOR Actuated, 
Phase 

RTOR "ixed Time, 
Phase 

Alderm•n 

ivy 

Vance 

Euclid 

Co,•monwea it 

Rt. ii 

4th St. 

Rt. 29 

Greenbr!ar 

RTOR 

S.B. 
Memorial 

•.S 

N.B. 
nalvern 

Blvd. 

Broad 

•ixed Time,• Fall Hill 

Phase S.B. 
•eff. Davis 

RTOR 

RTOR 

RTOR 
•ronlblteC 

RTCR 

RTOR 

RTOR 

RTOR 

RTOR 

RTOR 

RTOR 

RTOR 

RTOR 

RTOR 

RTOR 

RTOR 

RTOR 

RTOR 

RTOR 

RTOR 

RTOR 

RTOR 

RTOR 

RTOR 

•S•. 
Lanes 1977 

Approac! 
ADT 

No. :ype 
RTL 
LTL 

3,790 

Thru 
RT 

•iI,9•5 
Tnru 

LTL 
Thru 7,•I0 

RT T.•,ru 

RT T.•ru• 980 
LTL 
tTL 
Thru 2, •00 
RTL 

LTL 
Thru ,800 

LTL 
RT •hru 2,230 

LTL 
Thru 5,980 

LTL 
Thru ,120 

RT Thru 

RT L• 
Thru 

LTL 
Thru ,200 

LTL 
Thru ,200 
RTL 

RT LT ,i00 Thru 

RT LT 
Thru 

960 

LTL 
Thru i0 
RTL 

RTL 
LT Thr• 3,010 

LT Thrh 
RTL 

3,3•0 

RT Thr• 8 ,130 

LT 
•A 

RT Thru 
3,920 

LT Thru 
RT Thru 3,200 

Thru l•,•O 0 RTL 

LTL | 
RT Tnr• 3,•10 

RT Thrb 

Speed Limit 

35 

3• 

3• 

3• 

Estlma•ed 
Pedestrians 

Per Day 
1977 

10 

•o 

3o 

120 

3•0 

i0 

130 
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Jefferson Davis 
Highway 

Longvlew Dr. 

Jefferson 5avls 
Highway 

Russell 

Glyndon St. 

Haple St. 
(Rt. i23) 

>laple St. 

3[aln St. 

Willis 

Rt. 60 

•onti•eilo Rd. 

ist St. 

Water St. 

E. Frederlcg 

N. Augusta 

Fran•iln St. 

First St. 

Huntington Ave. 

50th St. 

St. 

St. 

City 
of 

Frederlcks•urg 

C•ipeper 
Highway 

City 
of 

Alexandria 

City 
of 

Vienna 

City 
of 

Falrfax 

Kionmond 
Highway 

District 

City 
of 

Wi!llamsDurg 

City 
of 

Charlottesville 

Cl•y 
of 

Staunton 

City 
of 

,Richmond 

City 
of 

:•ewport New• 

Area 

Com,•erclal Actuated, 
Phase 

Commercial 
Fixed Time 

Phase 

Fixed Time Commercial Phase 

•Ixed Time Com•erclal 
Phase 

Commercial 

of 

Actuate•, 
Phase 

Actuated, 
Commercial Phase 

'Ixed Time 
Phase 

'Ixed Time 
Phase 

Willis Rd. 

Water 

S.B. 
Frederick 

First St. 

FranKlin 

Lanes 

LT RT 
Thru 

LTL 
Thru 
RTL 

LTL 
RT Thru 

LTL 
Thr,• 
RTL 

LTL 
RT Thru 

LT Thru 
Thru 
•TL 

LTL 
Thru 

RT Thru 

RT hr 

LT Thru 
•T 

LT RT 
Thru 

LT Thru 
Thru 
RTL 

LT RT 
Thru 

LTL 
RT Thru 

LTL 6,500 
RT Thru 

LT •hru 
8TL 
Thru 

LT Thr• 
Thru 

Thru 
RTL 

LT Thr• 190 
Thru 

Thru 0•0 
RT Thru 

LT Thr• 
Thru 

330 

Thru 
•T Thr• 

Thru 
LT Thr 

Thru 
•T Thr 

Pedes•rlans 

1977 

5O 

60 

120 

6O 

120 

4O 

3O 

190 

810 

60 

•0 
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APPENDIX E 

SUMMARY OF DE.LAY, ACCEPTANCE, AND COMPLIANCE DATA 

Table E-! 

Data for RTOR Sires 

ACCEPTANCE TYPE OF STOP 

!8 23 

l 

!0 9 

1 

33 

REJECTED OR NO RTOR 

1-65 

Mean Delay 
•er 

Delayed 
Right Turn 

Vehi21e 
(seconds) 

E-! 



Table E-I (continued) 

Local!on 

S.B. 
Fr•nklln St. 

S.B. 
Jeff. Davis 

ACCEPTANCE Right 
Turn 

Not Com- 
Green ,Timed Timed plete 

39 12-121] 

20 5-246 13 

TYPE OF STOP 

Pause Creep 

Fail Hill Ave. 13 27-77a 17 

OR •OR Mean Delay 
No. .•er Total 

Total •o. of Delayed 
Righ• Rign• Turn Not Nc. Timed 

Timed 

2-5i ll 63 12.29 

46 49.2 

35 3-236 19 87 32.58 

•-•0 45 7• .68 

16 62 98 10.35 

3-9• 

19 68 3.08 

21 ii 75 8.88 

9 47 17.1 

12 71 

1-62 12 •3 22.53 

24 75 •.35 

1 2 0 

Ii 64 4.27 

1-32 1 26 66 13.39 

Jeff. Davis 22 23-183 13 15 12 

S.B. 
R•. i Jeff. Davis 27 35-i•7 i0 

Longview Dr. 13 54-590 15 47 12 

Russell Dr. 31 35-312 24 

S.B. 
Rt. 42 ll-•O 15 13 

N.B. 
Rt. 123 -Maple Ave. 37 8-71 i0 

W.B. 
Glyndon 

E.B. 
Main St. i 

N.B. 
Maple St. i 

N.B. 
Rt. 1 

E.B. 
Willis Rd. 

E.B. 
H•tington Ave. 44 8-47 12 

N.B. 
Monticello Rd. 26 20-2761 

15 22 

W.B. 
Rt. 60 1-19 

Total 

16 21-359 

•9 5-28 

20 14-276 Ii 

39 26-I13 !0 19 

1 1 

1 

1 

Captive 
Rum.- RTOR 
thru 

1296 ;788- 850 804 161 52 7• 19-438 52- 41 93 1,091 3231 •12,190 189 2053 
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Table F-I 

Data for RTOR Sires 

Approach 

W.B. 
Monument Ave. 

Willow Lawn 

Poplar St. 

S .B. 
Emme¢ St. 

E.B. 
Arlington 

moB. 
Ivy Rd. 

N.B. 
Alderman Rd. 

E.B. 
Euclid Ave. 

Vance 

E.B. 
Commonwealth 

S.B. 
Euclid Ave. 

Rt. 29 

E.B. 
Greenbrier 

Wadsworth 

Memorial 

Rejected RTOR Accepted RTOR 

2O 

39 

13 

109 

44 

16 

25 

134 

Accepted 

!00 

93 

i00 

95 

94 

I00 

I00 

i00 

95 

6O 

RTOR 

24 

93 

72 

3 

78 

$3 

•3 

92 



Table F-I (conTinued) 

Approach 

E.B. 
N. Augusta 

Grove Ave. 

N.B. 
Malvern St. 

S.B. 
Third St. 

E.B. 
Broad St. 

N. B. 
Blvd. St. 

E.B 
Franklin St. 

S.B. 
Jeff. Davis 

Fall Hill Ave. 

S .B. 
Jeff. Davis 

W.B. 
Longview Dr. 

E.B. 
Russell Rd. 

Rt. i 

N.B. 
Map!e Ave. 

W.B. 
Glyndon 

E.B. 
Main St. 

Rejected RTOR Accepted RTOR 

15 

22 

39 

55 

Ii 

19 

32 

62 

Accepted RTOR 

52 

i00 

98 

!00 

9O 

28 

19 

ii 

65 

8O 

79 

94 

96 

I00 

I00 

i00 

!00 

I00 

14 

12 92 
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Table F-I (continued) 

Approach 

E.B. 
Willis Rd. 

E.B. 
Huntington Ave. 

N. B. 
Monticello Rd. 

Rt. 6O 

TOTAL 

Rejected RTOR Accepted RTOR 

24 

Accepted RTOR 

I00 

93 

ii 

26 

! 

1,091 

!00 

i00 

96 

Approach 

Table F-2 

Data for LTOR Sites 

First St. 

S .B. 
50th St. 

W. B. 
First St. 

S.B. 
E. Frederick 

TOTAL 

Rejected LTOR Accepted LTOR 

0 8 

12 

17 

Accepted LTOR 

I00 

12 

37 

81 

92 
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APPENDIX G 

SUMMARY OF COMPLIANCE DATA 

Table G-i 

Data for RTOR Sites 

Willow Lawn 

S.B. 
Poplar St. 

Emmet 

Ivy 

Alderman 

Euclid 

Vance 

E.B. 
Commonwe•lt h 

Euclid Ave. 

4th St. 

Greenbrler 

Wadsworth 

Memorial Ave. 

Y. AugusZa 

Grove Ave. 

H. B. 
Zaivern St. 

Third St. 

TYPE OF STOP 
Total 

Run- }[o. No= Complete P•use Creep 
thru Stopping 

9O i! 

12 

32 

13 

3 

2o 

5 

6 

3 

!5 

l! 

16 

3 5 

i 2 

! 

i 

i 2 

!0 

2 2 

2 ! 

RTOR 

Stopping 

3 

4i 

39 

13 

109 

16 

25 

24 

93 

72 

22 

19 

15 

12 

31 

la 

!3 

2O 
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Table G-I (continued) 

Approach 

Broad St. 

M. 3. 
Blvd. St. 

E.B. 
Franklin St. 

S.B. 
Jeff. Davis 

Fail Hill Ave. 

Jeff. Davis 

Rt. i 

Longvlew Dr. 

E.B. 
Russell Rd. 

Rt. i 

N.B. 
Maple Ave. 

W.Bo 
Glyndon 

E.B. 
Main St. 

N.B. 
Maple St. 

N.B. 
Rt. i 

Willis Rd. 

Huntington Ave. 

N.B. 
•k•n•i•ei!o Rd. 

Total 

TYPE OF STOP 

Complete Pause Creep 
thru 

Total 
No. Ncz 
Stopping 

9 i 4 14 

52 2 i 1 55 

8 

17 1 

15 12 i • 

34 7 2 2 

ii 

19 

32 

47 12 3 3 62 

24 4 

I0 ! 

28 

19 

ll 

• RTOR 
Not 

Stopping 

29 

16 

i! 

l 1 I 2 5O 

!I ! 

19 5. 

12 

2• 

i! 

26 

! 

1,091 

4 4 2 i 

22 2 1 ! 

161 52 ?• 

0 

126 

27 

12 
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Table G-2 

Data for LTOR Sites 

E 

Approach 

W.B. 
First St. 

S.B. 
Frederick 

W. B. 
Main St. 

SoB. 
First St. 

SoBo 
50th St. 

Total 

TYPE OF STOP 

Complete 

15 

12 

Pause 

1 

Creep 
thru 

Total 
No, Not 
Stoppin• 

NO. 
•OR 

!7 

12 

/t• .;. 
0•[ 

Not 
Stopping 
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APPENDIX H 

DESCRIPTION OF TURN ON RED TRAFFIC CONFLICTS 

Figure H-I. Opposing left turn RTOR conflict. The RTOR vehicle 
(No. 2) attempts to turn right on red and must brake to avoid 
hitting vehicle No. i 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. i traveling through on a green signal. 
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Figure H-3. Right turn cross traffic RTOR conflict. Vehicle No. i 
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. 

Observer 

Figure H-4. Opposing U-turn RTOR conflict. The RTOR vehicle (No. 2) 
attempts to turn right on red and must brake to avoid a collision 
with vehicle No. i making a U-turn on a green signal. 
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APPENDIX H (CONTINIfED) 

il 

+..j 

Figure H-5. Pedes=rian RTOR or LTOR conflict° Vehicle (No. !) 
a==emp=ing to turn on a red signal must brake to avoid hi==ing 
a pedes=rian. 

Figure H-6. Previous (Rear end) RTOR conflict. Vehicle No+ ! begins 
to make an RTOR maneuver but stops due to traffic in the intersection 
(vehicle No. 3). Vehicle No. 2 anticipates vehicle No+ ! will complete 
the tur• and begins to move to she head of the queue but must apply 
brakes to avoid a collision wi=h No. I when No. i stops. 
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APPENDIX H (CONTINUED) 

Figure •-7. Through (right to !eft) cross •affic LTOR conflict. 
The LTOR veh±c!e (No. I) a:temp•s an LTOR maneuver and mus• b•ake 
to avoid a collision with vehicle No. ! travelling •hrough on a 
g•een sigma! 



APPENDIX i 

SUMMARY OF TRAFFIC CONFLICTS DATA 

Table i-i 

Data for RTOR Sites 

Approach 

N. B. 
Monticello 

E.B: 
Main St. 

N. B. 
Rt. 123 

Richmond Hwy. 

Longvlew Dr. 

Fall Hill Ave. 

Broad St. 

Malvern St. 

Grove St. 

S.B. 
Memorial Ave. 

Rt. 29 

E.B. 
Euclid Ave. 

Commonwealth 

Euclid Ave. 

ivy Rd. 

N.B. 
Alderman 

W.B. 
•4onumenu Ave. 

S.B. 
-•mmet St. 

Total 

Opposing Traffic 
Left Turn Left •o 

Right 

Turn 
Cross 

Trafflc 

U Pedes- 
Turn trian 

Previous Total 

Confllct 

l 5 

2 

2 

3 

2 

I 

i 

This lisz contains only accroaches with RTOR con•:•c•s. 
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APPENDIX J 

SUMMARY OF TURN ON RED ACCIDENTS 
REPORTED DURING 1977 

Jurisdi• • ion 

Charlottesville 

Covington 

Fair fax 

Falls Church 

Galax 

Hampton 

•o. of Accidents 

2 RTOR 

i LTOR 

i RTOR 

2 RTOR 

i RTOR 

.Uo. of Persons Injured 

none 

none 

none 

none 

Comment s 

Making right turns 
on red has resulted 
in 2 accidents since 
1-1-77, approx. 
$750 total damage. 

Making left •urn on 

on red has resulted 
in I accident since 
1-i-77, appro. $300 
damage. 

Making right turn on 
red resulted in I 
accident, est. $350 
damage. 

At least 2 RTOR 
accidents occurred 
a• the same inter- 
section; both 
property damage 
accidents occurred 
on a 4-1ane divided 
highway as a res•l• 
of a vehicle chang- 
ing from passlng 
lane to right lane 
and colliding with 
vehicle making a 
right turn. 

5 RTOR 

2 RTOR 

none 

none 

Have had only one 
accldent, of a re!a- 
tively minor nature. 

These property d•_mase 
only accidents oc- 

curred due *o,• •••_ 
failure to come 
stop before entering 
intersection. 

These are minor rear 
end collisions where 
the first car 
stop, move u• and 
s•op again, and 
following car hits 

•e rear. 
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Jurisdiction No. of Accidents No. of Persons Injured 

Hopewell 

Mart insviile 

Newport News 

2 RTOR 

i RTOR 

! LTOR 

18 RTOR 

i LTOR 

none 

none 

none 

Comments 

One officer quizzed 
had investigated 2 
accidents at Winston 
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. 

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 
fgom 2-way 4-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. 

18 accidents report- 
ed in 12 months; 
3 pedestrians struck 
1 rear-end and 15 
angle accidents, 
with an average of 
$585.33 d•nage. 



guri.•diction No. of Accidents No. of Persons injured 

Norfolk 

Petersburg 

Richmond 

Richmond 
Diszric• 

Roanoke 

Salem 

5 RTOR 

! RTOR 

9 RTOR 

i RTOR 

18 RTOR 

6 RTOR 

none 

none 

none 

none 

none 

Comments 

Available accident 
experience indicates 
that fewer than 5 
accidents have 
occurred since I-I-77 
and these have 
occurred as a result 
of the thru traffic 
hitting the rear 
end of the right 
turning vehicle. 

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

One of these 9 ac- 
cidents resulted in 
injury to 2 indivi- 
duals. The remain- 
der were property 
damage accidents with 
an average reported 
damage of $785. 

At the intersection 
Rte. 1 & I0, Ches- 
terfie!d County, a 
lady turned right 
from E.B.L. Rte. l0 
Zo S.B.L. Rte. i and 
turned into left 
lane instead of 
right lane; minor 
collision with a 
bus resulted. 

From i-1-77 through 
ii-23-77 there have 
been !8 accidents. 
Average property 
damage per accident 
was $365.83. 

Exoerienced 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. 
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Jurisdiction No., of Accidents No. of Persons Injured Comments.. 

Waynesboro 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 

Total RTOR 

To•al LTOR 3 

Note: Two of she 18 RTOR accidents in Newport News w•o_ at 
No Turn on Red Approaches 



APPENDIX K 

FINAL •FUTCD STANDARDS FOR PROHIBITING TUP•NS ON RED 

U. S. DEPARTMENT OF TRANSPORTATION 

FEDERAL HIGHWAY ADMINISTRATION 

SUBJECT Right-Turn-On-Red at Signalized 
Intersect ions 

FHWA BULLETIN 

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 
Administration and State highway organization offices. 

As of July I, 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 •laryland and •laine the legislation is effective July l, 1978, 
and May I, 1978, respectively. Only Connecticut and •lassachusetts 
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 comm, ents received on the 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 Z3 CFR 655 as of August 23, 1977, (Federal Register, 
August IS, 1977). More detailed criteria to fit particular 
needs may be developed by the respective States. 

The Following are the approved revisions to the >IUTCD 
Sect ions 2B-3,5 and 4B-5. 

A. Delete the last portion of the fifth paragraph of 
Section 2B-35, "Traffic Signal Signs (RI0-1 to 4) on 
page 56, beginning with "and RIGHT TURN ON RED AFTER 
STOP " 

B. Substitute the following for the paragraph added by official 
ruling Sn-ll6 (Chng.), FHWA, OTO, NO TURN ON RED sign. Thus 
the paragraph following •he fifth paragraph of Section 2B-35 
would read' 
The NO TURN ON RED sign (Rl0-1!a, lib) shall be used to 
indicate that a right turn on red (or !eft turn on red 
for one-way streets) is not permitted. For Dart time pro- hibitions see Section 2B-I•. The NO TURN O•:" R•D sign should have standard dimensions of 2•" x 30" and Z-/" x 24" For 
RlO-l!a and R!O-llb respectively. The sign should be 
erected near the appropriate signal i•ead. 

O,ST•,•eU•',O•, H-W( EO/SA)- i 
H-W(HO/HS/MC/NG/TO)-4 
H-DM-4 

o•, HTO-. •l 
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A NO TURN ON RED sign may be considered whenever an 
engineering study finds that one or more of the 
followin% conditions exist. 

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

2. The intersection area has geometrics or 
operational characteristics which may result in 
unexpected conf!icts. 

3. There is an exclusive pedestrian phase. 

Significant pedestrian conflicts are resulting 
from RTOR maneuvers. 

•'1ore than three RTOR accidents per year have been 
identified for the parzicular approach. 

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

C. Revise Sect ion aB-S, Meaning of Signal Indications, Item 3 
on page 217 to read as follows" 

3. Stead>' red indications shall have the following 
meanings 

a. Vehicular traffic facing a steady CIRCULAR RED 
signal alone shall s•op at a clearly marked stoo 
line, but if none, before entering the crosswalk 
on the near side of the intersection, or if no•e, 
then before entering the intersection and shall 
remain standin• until an indication to proceed 
is shown except as provided in (c) below. 

b. Vehicular traffic facing a steady RED ARROIV 
signal shall not enter the intersection to make 
the movement indicated by the arrow and, unless 
enterin• the intersection to make a movement 
permitted by another signal, shall stop at a 
clearly marked stop line, but if none, before 
"entering the crosswalk on the near side of ti•,e 
intersection, or if none, then befor ent•rin• t• 
intersection and shall remain standing until an 
indication permittin• the movement indicat=d by 
such red arrow is shown except as provided in 
(c) below. 
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d 

Except when a sign is in 
turn, vehicular traffic 
signal may cautiously en 
turn right, or to turn 
street into a one-way st 

as required by (a) and 
traffic shall yield the 
lawfully within an adjac 
other traffic lawfully 

place prohibiting a 
facing any steady red 
ter the intersection to 
eft •from 

a one-•¢ay 
feet, after stopping 
b) above. Such vehicular 
right-of-way to pedestrians 
ent crosswalk and to 
sing the intersection• 

Unless 
signal, 
RED 
the 

otherwise direc•e 
pedestrians faci 

or RED ARRO• signal 
roadway. 

d by a pedestrian 
nga steady CIRCUL•R 
alone shall not enter 

J ,•77 f •r o• Iey, "•DTr ec t or Of/ice of Traffic Operations 
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APPENDIX L 

ARTICLE SUMMIRiZiNG RTOR GUIDELINES 

Guidelines for Prohibiting Right Turn 
on Red At Signalized Intersections 

By Hugh W. McGee, P.E. 

Right turn on a red traitic signal, once 
used almost 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 
traific signal after stopping and yielding 
to right-of-way vehicles and pedestrians 
lawfully in the intersection. 

Even though RTOR dates back as fat 
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 Administratiocr•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 
rate). 

It now appears that there will 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. 

Note: Reprinted with 
permission from 
Trans. portation En$i- 
neerln$, 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-I model) to 
quantify the effect of RTOR on vehicle 
delay, intersection throughout, fu¢t 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: 
,4, driver survey in six states and a 

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 selection. 

From the results of these studies, it 
was concluded that RTOR is a desirable 
and sate practice for a vast majority of 
intersection conditions. Based on the 
positive findings, it was recommended 
that the generally permissive rule 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 result un- 

known to the motorist: 
a significant number of conflicts with 

vehicles or pedestrians are occurring. 
These conditions, however, are tOO 

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 criteria 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 1"9 

Table I. Summary of Factors Considered 
in Prohibiting RTOR Under the Generally 

Permissive Rule 

Number 
of States 

Factors Reporting 

I. Five or More Approaches 
2. RestrictiveGeometrics 
3. Inadequate Sight Distance 10 
4. Significant Pedestrian 9 

Volumes 
5. High Speeds Through Inter- 

section 
6. Exclusive Pedestrian Phase 

(All-Red) 
7. RTOR Conflicts With Other 

Vehicle Movements, e.g., 
Left Turn Phase 

8. Signals Under School 4 
Crossing Warrant 

9. Vehicle Conflict Serious 
10. Right Turn Permitted From 

Two or More Lanes 
I. History of Accidents Related 2 

to RTOR (5 or More) 
12. Complex Signal Phasing 
13. Signed School Crossing 
14. No Appreciable Right Turns 
15. Short Red Interval 
16. Pedestrian Signal Locations 
17. Fully Actuated Signals 
18. Capacity Problems for 

Acceptance Lane 
19. Railroad Crossing Inter- 

connection 
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separate factors or criteria, listed in or- 

der of frequency, that have been estab- 
lished collectively by the states following 
the generally permissive rule (as of Janu- 
ary 19"/5). Most of the factors were 
based on intuitive engineering judgment, 
few resulted from research studies or ac- 
tual experiences,. 

]n developing guidelines for prohibit- 
ing RTOR, it seemed beneficial to re- 

view the factors in Table in context of 
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 
RTOR motorist or to the motorist trav- 
eling through the intersection on green. 

The •hematic shown in Figure can 
be used to illustrate two such Scenarios. 
In one case. RTOR motorist (A) may 
look for cross-street traffic from ap- 
proach (I) and may be unaware of cross- 
street traffic from approach (5) or vice 
versa. [n another case, RTOR motorist 
(B), observing a safe gap in traffic from 
the approach (3), could turn right into 
leg (5) and as a result get into a dan- 
gerous conflict situation with vehicles 
from approach ). 

The approaches where a prohibition 
sign would be required is dependent 
upon the specific geometries. It is not 

necessary to prohibit the movement for 
approaches where there is no additional 
conflict problem, as illustrated in Figure 
I. 

Restrictive Geometries. The other fac- 
tor that was cited as often as tire or more 
approaches was restrtctive geometries. 
Most states are not precise in defining 
this term, it is a catch-all criterion which 
can account for several conditions, in- 
cluding five or more approaches, in- 
adequate sight distance, small turning 
radius, etc.. that would inherently make 
an RTOR maneuver more hazardous. 

While several examples could be men- 
tioned, one that occurs with some fre- 
quency is a highly skewed intersection 
where the right-turn maneuver, even on 

green, is difficult to negotiate, While the 
intersection performance or accident 
analysis did not specifically identify this 
situation to b¢ a problem, it seems logi- 
cal that this could be a criterion for pro- 
hibiting RTOR at specific approaches. 
However, because there are many 

\\ // 
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Figure t' Examples oj RTOR conflicts at afire-leg intersection. 

unique situations that could be identi- 
fied as restrictive geometries, a field eval- 
uation would be required of the sites 
which may be involved, In most cases, a 

sight distance limitation will be the most 
critical .factor. 

Inadequate Sight Distance. Many 
states have selected sight distance limita- 
tions as a factor for prohibiting RTOR. 
The theory underlying this criterion is 
that an acceptable gap for the maneuver 

must be visible if the movement is to be 
made safely. 

There appear to be two schools of 
thought regarding what is an appropri- 
ate sight distance foc the RTOR maneu- 

ver. One holds that the cross-street traf- 
fic moving on green should not even 
have to decelerate because of a right- 
turn-on-red vehicle turning in its path. 
For example. Indiana? using an average 
acceptable gap of 7.37 seconds, devel- 
oped the following minimum sight dis- 
tance for various speeds: 

Speed Sight DL•tance Feet 

20 217 
30 325 
40 434 
50 542 

A more liberal philosophy is that the 
sight distance should be based on stop- 
ping requirements for the cross-street 
traffic, that is, the cross-street traffic 
should have sufficient sight distance for 
stopping in the event that an RTOR mo- 
torist is in the traveled lane. Under this 

condition, the following minimum sight 
distances would be required: 

Speed Sight Distance (Feet) 

20 120 
30 190 
40 270 
50 360 

In view of the few accidents even at 
locations that had limited sight dis- 
tances, it would appear that the more 
liberal stopping sight distance require- 
ments would be an appropriate limita- 
tion for the RTOR maneuver. 

The sight distance need not be mea- 
sured from the stop bar because in real- 
ity right-turn-on-red vehicles move up to 
the actual intersection line to gain better 
line-of-sight, However, where there is 
heavy pedestrian density, the sight dis- 
tance should be measured from behind 
the crosswalk line to prevent the motor- 
ist from moving into the crosswalk, 

Significant Pedestrian Volumes. The 
fourth most frequently cited criterion for 
prohibiting RTOR is significant pedcs- 
train volume, Two other criteria could 
be discussed within the context of pedes- 
trian activity: I) signal phasing with an 
exclusive pedestrian phase (all red): and 
2) intersections with pedestrian signals. 
Few states have stipulated what volume 
level necessitates prohibiting RTOR. 
Two states, which had a sign permissive 
rule at that time. stipulated, respectively. 
50 and 100 pedestrians per hour during 
each of eight hours of an average week- 
day. 
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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 either 
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 
destrians, especially the elderly, feet 
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. 

E, rclu.sive 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 
diagonally 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 employed 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 in 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., WALKmDONT 
WALK signals. 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. There/ore, 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 50-55 mph have been suggested as a 
high. The apparent reason for prohibit- 
ing the movement in this case is that 
RTOR motorists have greater difficulty 
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 results 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. 18 percent were found 
to involve this situation. However, while 
this is a sizeable percentage of all RTOR 
accidents, it still re,nresents an extremely 
small percentage of all intersection acci- 
dents. Since this type of accident occurs 

so infrequently, presumably 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 conflict, 
complex intersection situations or possi- 
bly simply heavy cross-street volumes. 
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 result. High volumes alone would 
not be a justified criterion for prohibit- 
ing RTOR. 

Signals Under S•hool Crossing War- 
rant. Four states have stipulated in their 
guidelines that RTOR should 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, normally 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 traffc 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 befor*¢ 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-year study pe- 
riod, 187 RTOR accidents 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 accidents dur- 
ing the two years, 

Because of the randomness of RTOR 
accident occurrence, it would be desir- 
able to evaluate any intersection where 
there were more. than one RTOR acci- 
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- 
ruination can be made. then the RTOR 
should be prohibited, at least for that 
approach. 

The diffcuhy in applying this criterion 
is that RTOR accidents are diffcult to 
identify. Assuming that RTOR acci- 
dents were coded into a computerized 
record system, they could be tabulated 
by intersection on a yearly 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 rely on 
citizens" or po!ice 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. It 
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 traffc 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 problem which can occur 
during traffic congestion periods in ur- 
ban areas is that the acceptance of de- 
parture lanes are backed up leaving tittle 
or no space for an RTOR vehicle. It has 
been suggested that where this occurs 
with regularity, RTOR should be pro- 
hibited. The results of the computer sim- 
ulation analysis and field data indicate 
that delay 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 

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, should be 
a self-enforcing control and, therefore, 
should 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 lnterconnection. As 
stipulated in the new Part Vlll (S¢c. 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 
•ny 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: 

R TOR should be prohibited where: 

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

('ross Street Speed Minimum Sight* 
Limit(MPH) DistancetFeet) 

20 120 
25 150 
30 190 
35 220 
40 270 
45 320 
50 360 
55 410 

"Sight distance measured from the stop line if 
pedestrian crosswalks presented if 
from the edge of the pavement curb 
line, 



2. The intersection has more than 
four approaches or has restricted geo- 
metrics which cause additional conflicts. 
tThe restriction should apply only to ap- 
proaches •,hich have multiple 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 cross•,alks. 

.,t. 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 right 
turns are made into the lane crossing the 
radroad. See Sec. 8B-7. MUTCD.) 

R TOR may be prohibited where:, 
I. Significant pedestrian conflicts are 

resulting from RTOR. maneuvers. 
..2. More than one RTOR accident per 

year has been identified for an,,,' 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 advisable 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 slated 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 are 
also sufficiently general so that they can 
be adapted to problems or conditions 
unique to any one location. • 
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