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FOREWORD
By Staff
Transportation
Research Board

Highway designers and traffic planners will find this report of special interest.
It is the first guide specifically devoted to intersection channelization design that has
been prepared since HRB Special Report 74 was published in 1962. Based on a review
of state design manuals, interviews with design and traffic engineers, review of numerous channelization drawings, and operational studies, this report presents a current
version of Special Report 74, including illustrative examples of channelization designs
and more detailed guidelines than were provided in the earlier report. Design drawings
are enclosed as inserts in a pocket on the back cover of the report to facilitate direct
use by designers.

HRB Special Report 74 was developed for use as a reference guide for traffic
engineers and designers concerned with design and operation of at-grade intersections.
Its value to the profession, however, has diminished in recent years because of.a
number of factors. Significant changes in vehicle characteristics, societal values, engineering techniques, as well as continuing research on safety and traffic operations,
all have contributed to the need to update that report.
Many state and local agencies had developed their own channelization design
criteria (e.g., operational characteristics such as speed and volume) for special intersection conditions including double-turning lanes and free-right turns. However, in
most cases, these criteria had not been documented and disseminated for consideration
and use by other agencies. The need for a current, comprehensive document describing
proven techniques and providing guidelines for the cost-effective design of channelized
intersections was paramount.
This report covers channelization of both new and reconstructed intersections in
urban and rural environments. The research included typical intersection types such
as 4-way, Y, T, oblique, and multileg intersections, as well as freeway ramp intersections with surface streets. Techniques being used to accommodate pedestrians,
handicapped, and bicyclists, as well as to reduce vehicular delay and fuel consumption
and to enhance safety, were studied. The elements of cost effectiveness, operations,
traffic control devices, and maintenance were also addressed. This research was conducted by Jack E. Leisch and Associates under NCHRP Project 3-30.
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INTERSECTION CHANNELIZATION
DESIGN GUIDE
SUMMARY

This report presents the results of research conducted under NCHRP Project 330. The objective of this research was to prepare a publication updating the information
in HRB Special Report 74 and incorporating information, illustrations, and guidelines
on the current state of the art for channelization. This research covers channelization
of both new and reconstructed intersections in urban and rural environments. The
research includes typical intersection types such as 4-way, Y, T, oblique, and multileg
intersections, as well as freeway ramp intersections with surface streets.
The channelization guidelines presented in subsequent chapters of this report provide specific principles and criteria on the applicability of channelization techniques.
In observing the evolution of channelization practices, and reviewing current designs,
a number of important points are evident. First and foremost, intersections must be
considered as critical highway elements requiring special attention. Geometry adequate
for tangent open highway may be inadequate at or near intersections. The importance
of driver expectations is heightened on approaches to intersections.
Second, recent experience with "over-channelized" intersections has taught engineers that simplicity in design is highly important. Islands should be kept to the
minimum required for the channelization functions of the location. Simple designs
are easier to construct, more adaptable to changes in traffic needs, and are understood
better by drivers.
Third, one should always be reminded of the important design and operational
concerns typical of a given situation. Such concerns can be expressed in terms of the
following operational priorities.
1. Operational Priorities For Rural Intersections
Provide adequate sight distance on approaches to and clear sight lines at intersections.
Design all exclusive turning lanes for deceleration from high speed.
Provide left-turn lanes along primary highways wherever possible.
Avoid confounding geometry (sharp cUrves and steep grades) near intersections.
Produce an intersection that appears consistent with its traffic control.
2. Operational Priorities For Suburban Intersections
Provide a design flexible enough to operate under unexpected traffic conditions.
Retain and design for control of access around major intersections.
Provide exclusive lane designs that reflect both moderate speeds and high traffic
volumes.
3. Operational Priorities For Urban Intersections
Maximize approach capacity through judicious use of narrower lanes and various
lane arrangements.
Retain sensitivity to surrounding activities (pedestrians, transit stops, etc.).
Accommodate and/or control the effects of traffic access adjacent to intersections.
Design separate turning lanes with sufficient length to enable operation independently of adjacent lanes.
Typical examples of good current practice are documented in the final chapter of
this report, including fully dimensioned plan views, photographs, and agency insights
to the specific applications (including unique features).

CHAPTER ONE

INTRODUCTION

Design of channelized intersections requires the combined
skills of the traffic engineer and the highway engineer. Of particular interest to the traffic engineer are capacity and delay,
accident mitigation, vehicle operating characteristics, and appropriate traffic control. The overall layout of the intersection,
including horizontal and vertical alinement, cross sectional arrangements, and drainage are specific elements of concern to
the highway engineer. All of these features directly relate to
design and operation of channelized intersections.
The importance of good design practice for intersections cannot be underestimated. By their very nature, they represent
locations of potential safety and/or operational problems.
This publication is a comprehensive collection and evaluation
of current knowledge about design of channelized intersections.
Its predecessors are Highway Research Board Special Report 5
(1953) and Highway Research Board Special Report 74 (1963).
In the intervening years, design policies and procedures have
evolved in response to changes in vehicle characteristics, traffic
problems, societal demands and needs, and constraints. This
report thus represents an updated design guide that should be
of value to engineers and designers with concern or responsibility
for highway intersections.

BACKGROUND

The design guide is a culmination of research conducted by
Jack E. Leisch & Associates under NCHRP Project 3-30. The
following research tasks were undertaken:
1. Literature review of the safety and operational aspects of
intersections.

Survey of design practices of states, cities, and counties.
Collection of example intersection designs from design
agencies.
Field studies of intersections.
Interviews with design personnel.
Development of design guidelines for channelization.
Selection and depiction of example intersections.
The research process was intended to investigate nationwide
design practices, thereby discovering both consensus policies and
differences in practice. Design guidelines and the example intersections were developed following all interviews and reviews
of technical material.

PURPOSE OF GUIDE AND CONTENTS

No single publication can completely cover the design, operation, and analysis of all types of intersections. This design
guide is meant for use as a supplement to prevailing agency
standards and policies, and to AASHTO design policies. The
intent here is to present in a logical format the functional "bases"
or reasons for design of various intersection elements. Through
the example intersections and other supplementary material,
these functional bases are tied to design, illUstrating actual application of channelization principles.
The remainder of this report is organized as follows. Chapter
Two presents an overview of the major factors considered in
the design of channelized intersections. Chapter Three discusses
the principles of design. Guidelines for the design of channelized
intersections are discussed in Chapter Four. Example intersections are provided in Chapter Five.

CHAPTER TWO

INPUTS TO DESIGN OF CHANNELIZED INTERSECTIONS

Channelized intersections are similar to other highway elements in that their design involves consideration of many factors.
Physical dimensions and operational characteristics of vehicles,
roadway approach geometrics, and human factors all contribute
to the standards and guidelines that govern design of channelized
intersections.
In this chapter, a brief review of those important inputs to
channelization design is presented. The reader is referred to
referenced publications for more in-depth discussion or further
background on the topics presented here.

INTERSECTIONS AS POINTS OF CONFLICTS

Intersections are intended to operate with vehicles, pedestrians and bicyclists proceeding in many directions, often at the
same time. At such locations, traffic movements on two or more
facilities are required to occupy a common area. It is this unique
characteristic of intersections—the repeated occurrence of conflicts—that is the basis for most intersection design standards
and criteria, and proper operating procedures.
Understanding conflicts—why they occur, what their consequences are, how to safely accommodate them—is the key to
good design of intersections. Conflict is defined here as a demand
for the same highway space by two or more users of the highway.
While conflicts occur on all highways, their frequency and wide
variance in type and nature is a particularly critical aspect of
intersections.
Consider Figure 2-1, which illustrates the basic conflict types
that occur at intersections. Crossing conflicts are unique to intersections, and are generally the most important type. Diverging
conflicts are created by vehicles making turning movements or
lane changes. Merging conflicts result from the completion of
such turning movements.
As Figure 2-1 shows, the essence of design can be viewed as
achieving safe and efficient resolution of conflicts that are inherent to intersections. Conflict situations left unresolved can
lead to erratic maneuvers such as hard braking or unsafe lane
changing, long delays, and other undesirable occurrences. Ultimately, such situations produce accidents which, depending
on the circumstances, can lead to loss of life and serious injury.
Conflict resolution primarily involves (1) providing sufficient
notice to the driver of a potentially dangerous conflict, and (2)
easing the driving task by spacing out conflicts over time or by
eliminating conflicts. In both instances, the importance of time
and, hence, vehicle speed is central to conflict resolution. Good
design reflects prevailing speeds and required times for the complex decisions and reactions required of drivers at intersections.
Indeed, because such reactions include deceleration and braking,
not only speed is important, but also speed changes. Channelization and intersection design are closely tied to the require-

ments of vehicles undergoing significant speed changes, as well
as to requirements of other drivers who must react to these
speed changes.
Of course, the type of traffic control at an intersection is also
vitally important to resolution of conflicts. Traffic control devices, such as stop and yield signs and traffic signals, resolve
certain types of conflicts by separating conflicts demands for
space by time. However, this separation also creates conflicts
associated with the speed changes and braking that are produced
by the traffic control. Clearly, resolution of all conflicts requires
coordination of the geometry and channelization with the type
of traffic control.
Finally, as is true of all design problems, conflict resolution
through channelization must reflect many constraints. These
include costs and ease of implementation, maintenance needs,
and environmental conditions. Such constraints affect the design
standards and practices that generally prevail, as well as their
implementation at any given location.

USER CHARACTERISTICS

From the previous discussion, it is clear that human factors
considerations are extremely important at intersections. Also,
certain physical and operational characteristics of vehicles are
demonstrably a part of intersection design. In this section, a
brief review of these elements is presented.

Human Factors

The driving task on approach to and at an intersection is
extremely complex, including a number of factors. Navigation
involves the selection of the proper lane on roadways. Maneuvering, the actual task of placing the vehicle in its proper position, also must be considered. Perception of conflicting traffic
or of the traffic control in effect is another driving task. Reaction
to imminent events requiring acceleration, deceleration, braking
or avoidance is particularly important. Gap acceptance to perform crossing or merging maneuvers with conflicting traffic
streams is a particularly complex task, involving elements of all
of the foregoing factors. The combination of all such tasks
creates the potential for task overload, i.e., a condition in which
the driver is unable to safely process and react to all important
conditions. Avoiding task overload through good signing is important. It involves awareness of basic driver expectancies.
The concept of driver expectancy is a key to handling all of
the above driving tasks within the context of intersection design.
Drivers expect and to a degree anticipate certain geometric and
operational situations at intersections. The channelization
scheme and traffic control should as a minimum avoid violating

CROSSING CONFLiCTS

MERGING CONFLICTS
Figure 2-1. Basic conflict types at intersections.
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Crossing vehicle paths occur at all 4-leg intersections. Crossing conflicts are also created by pedestrian activity within the
traveled way.

CROSSING CONFLICTS
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Turning maneuvers usually require speed adjustments, resulting in rear-end or diverging conflicts with following vehicles.

Figure 2-1. Continued

DIVERGING CONFLICTS

driver expectations, and should desirably reinforce these expectations. Table 2-1 describes application of driver expectancy to
channelization design.
Certain specific human characteristics are related directly to
design standards. These primarily involve driver abilities to perceive and respond to stimuli. Table 2-2 summarizes relevant
human factors and their design relationships.

Table 2-1. Human factors relationships with intersections.
DRIVER EXPECTANCY AND
INTERSECTION ELEMENTS

Avoid lane traps (exclusive turn-lanes) on through roadways or lanes.
Provide decision sight distance on approaches to major intersections.
Maintain consistency in appearance of intersection and its traffic
control.
Maintain consistency in design treatment of elements such as turnlanes, islands, etc.
Maintain consistency in traffic control schemes

Vehicle Characteristics

Vehicle characteristics also play a significant role in channelization design. Table 2-3 describes the particular vehicle characteristics related to intersection design elements.
In terms of design, the physical dimensions and their operational characteristics of vehicles affects intersections. Minimum
and desirable lane widths, turning roadway widths and storage
lane lengths are a function of the vehicle population mix and
individual vehicle characteristics. Operational characteristics
(acceleration, deceleration, minimum turning radius) affect the
design of exclusive lanes, tapers, turning roadways, and corner
islands.
Traditional design practice relies on designated "design vehicles" the characteristics of which are selected to model a
particular or critical segment of the vehicle population. Figure
2-2 depicts AASHTO design vehicles that are used in intersection design. Minimum turning radii, swept path width, and
vehicle dimensions are shown for each vehicle.
Figure 2-3 shows relevant vehicle operational characteristics
used in intersection design. These include vehicle acceleration,
deceletation, and braking characteristics.

Environmental Factors

TA5K OVERLOAD AND
INTERSECTION ELEMENTS

Avoid confounding alinement (i.e., sharp horizontal curves, steep
grades) in conjunction with intersections.
Provide adequate distance and taper design for lane drops past intersections.
Provide recovery areas past departure of exclusive turn-lanes.
Provide adequate sight distance commensurate with traffic control.

Table 2-2. Human factors values appropriate for intersection design.
HUMAN FACTOR

DESIGN VALUES

Perception! reaction time

2,0_4,0b sec

Driver height of eye
Pedestrian walk times

3.0-4.5 fpsc

3.5 ft

DESIGN ELEMENTS
AFFECTED

Intersection
sight distance
Sight distance
Pedestrian facilities

Source Ref. 2-1
5ource Ref. 2-2
5ource Refs. 2-2, 2-3

Table 2-3. Vehicle characteristics applicable to design of channelized
intersections.

Design of an intersection must be sensitive to a number of
environmental factors. The type of highway and area, surrounding land use, and local climate all influence the type of design
that is reasonable.

Type of Highway

Functional classification is a major consideration in application of channelization principles and design standards. Major
arterials and other high classified facilities tend to carry higher
traffic volumes, operate at higher speeds, and are used by greater
numbers of occasional or first time (i.e., unfamiliar) drivers.
They also tend to be used by greater proportions of large trucks
and buses. In addition, driver expectations on such highways
are greater. Drivers anticipate good route continuity and a high
level of service.
Intersections along such highways should reflect their operating characteristics of drivers and their expectations. Channelization should accommodate large vehicles in a simple, direct
manner. Decision sight distance is an important element, and
route signing and pavement markings should be clear and direct.

VEHICLE CHARACTERISTIC5

INTERSECTION DESIGN
ELEMENTS AFFECTED

Physical Characteristics

Length
Width
Height

• Length of storage lanes
• Width of lanes
Width of turning roadways
• Placement of overhead signals and
signs

Operational Characteristics

Wheelbase
Acceleration capability
Deceleration and braking
capability

• Nose placement
Corner radius
Width of turning roadway
• Acceleration tapers and lane lengths
• Length of deceleration lanes and tapers
Stopping sight distance

trian volumes, on-street parking, and transit bus activity are
normal. In suburban residential areas, bicycle and school pedestrian activity may be important. Rural areas usually are
associated with motor vehicle traffic, and little bicycle and pedestrian traffic.

Area Type and Land Use

Climate

Intersection activity is largely dependent on the type of area
and adjacent land use. In highly developed urban areas, pedes-

Designers should be aware of operational and cost contraints
imposed by variable climatic conditions. Regular snowfalls can
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turns of AASHTO design vehicles.
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(Source: Ref. 2-1)
obscure some channelization. In addition, ease of snow removal
is affected by an intersection's design. The visibility of pavement
markings can also be severely limited by rain or poor light
conditions.

OPERATIONAL CHARACTERISTICS OF
INTERSECTIONS

The basic conflict nature of intersections creates a unique set
of operational characteristics. Understanding these basic intersection operational characteristics is central to an appreciation
of channelization principles and design guidelines. In particular,
both safety (frequency, types and severity of accidents), and
capacity considerations are important.

Intersection AccIdents

Figures 2-4 through 2-7 summarize the basic characteristics
of intersection accidents. In general, traffic volume is the single

most important determinant in intersection accidents. This is
logical, because the potential for accidents created by conflict
situations greatly increases as traffic on both highways increases.
Also, the type of traffic control is of great significance. Signalized
intersections tend to experience more rear-end and same direction sideswipe accidents than stop-controlled intersections. Stopcontrolled intersections experience greater frequencies of angle
or crossing accidents, because of the less positive form of control.
There are many other features that contribute to accidents at
intersections. Reviews of research and the survey of practicing
engineers produce useful findings for designers. As Table 2-4
shows, many geometric features or conditions that can create
particularly hazardous situations have been successfully treated
through various geometric and control measures. The features
given in Table 2-4 are covered in greater detail in Chapter Four
on design guidelines.
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Table 2-4. Features contributing to accidents at intersections and control measures (as noted by design and traffic engineers responding to
a survey of intersection channelization practices).
Geometric Features or Conditions Contributing to Adverse Accident
Experience at Intersections
Poor approach sight distance
Poor corner sight distance
Steep grades at intersections
Inappropriate traffic control
Multiple approaches
Presence of curves within intersection
Number of adjacent driveways or access points
Inappropriate curb radii
Narrow lanes

Traffic Engineering Actions That Reduce Accident Experience or
Severity
Addition/ installation of exclusive turn-lanes
Upgrading of traffic control scheme
Improving sight distance
Installation of lighting
Removal of fixed objects
Increasing corner radii

Intersection Capacity Considerations

A basic design control is provision for adequate capacity to
handle peak period traffic demands. Intersection capacity analyses are based on the operational characteristics of conflicting
vehicles sharing the same space, but separated by time via the
type of traffic control. A brief summary of capacity considerations related to design follows.

Signalized Intersections
Capacity of signalized intersections is based on the discharge
characteristics of vehicles queued at signal. Driver reaction,
vehicle acceleration, and car following behavior all affect the
saturation flow rate of the intersection. The capacity of an
approach is given by:

Capacity = C = Sg/c)

where S is the saturation flow rate (in vehicles per hour of green
time) and g/c is the ratio of approach green time to total cycle
time.
In terms of design, it is important to note those factors that
influence saturation flow rate:
Number of lanes.
Width of lanes.
Presence of heavy vehicles.
Presence of grades.
Presence of parking.
Amount of pedestrian activity.
Signal phasing plan.

Figure 2-8 illustrates the basic considerations important to
evaluation of signalized intersection capacity. Reference 2-7
should be consulted for detailed discussion and analysis procedures.

Unsignalized Intersections
The operation of unsignalized intersections is completely different, with resulting different capacity considerations. Unsignalized intersections operate with distinct priority movements,
as 3hown in Figure 2-9. The crucial caparity concerns are generally centered around the lower priority (i.e., stopped) approaches or movements. Capacity analysis procedures are based
on expected distribution of gaps in through (unstopped) traffic,
and driver behavior regarding acceptance of those gaps. Factors
that affect the capacity (i.e., that influence amount of delay) of
stopped approaches include:
Prevailing speed of through highway.
Available sight distance.
Corner radius design.
Arrangement of lanes.
Type of area.
Presence of heavy vehicles.
In terms of channelization, provision for adequate sight distance and unblocked sight lines is very important on stopped
approaches. Also, arrangement of lanes is a significant factor.
As Figure 2-9 shows, right-turn movements operate more freely
(with a high priority) than left and through movements. Hence,
it is generally advantageous to separate right-turn movements
wherever possible at STOP- or YIELD-controlled intersections.
Reference 2-7 presents a more complete discussion of unsignalized intersection capacity. It should also be referred to for
analysis procedures and guidelines.

OTHER GEOMETRIC FEATURES

Intersection design must be considered in relation to the other
geometric features that comprise the highway. Horizontal and
vertical alinement and cross sectional features affect driver/
vehicle behavior at and on the approach to the intersection, and
therefore are important design considerations.

Horizontal Alinement

Special care should be taken in designing intersections near
horizontal curves. The driving task of tracking the curve takes
up much of the driver's attention, leaving less for conflict resolution. Also, vehicle cornering friction demands associated with
curves redue the amount of friction available for braking. Figure 2-10 demonstrates this problem, which results in greater
actual safe stopping distance requirements for vehicles braking
on curves.

Vertical Alinement

In terms of capacity, the need for, and design of, exclusive
turning lanes is critical, as is the total number of lanes on each
approach.

Vehicle operating characteristics are greatly influenced by
vertical alinement. Approaches on upgrades operate at lower

LI]

Approach capacity is largely a
function of the nvmbcr and ari'anqemcnt
of lanes.

-

-

.-

Unusual geometry such as this multileg intersection adversely affects
intersection capacity.

Saturation flow rates are based on
discharge hcadwazjs of vehicles queued
at an approach.

..__.:

The prcsc1ice of large vehicles and
ease of their movements also affects
approach capacity.

The presence of pedestrians affects The signal phasing plan influences
intei'scetion
and
total
both right turn movements and signal approach
capacity.
phasina requirements,
Figure 2-8. Illustrations of capacity concepts at signalized intersections.
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Capacity of stopped or low priority
approaches is a function of acceptance
of gaps in f;hrough traffic.

Left turns off unstopped approaches
must await gaps in opposing traffic
to complete the turn.

Gap acceptance is influenced by speed
of through traffic and the width to be
crossed.

Right turn movements are generally
easier than through and left turns, as
traffic from the right does not interfere with the turn.

corner sight distance can Delay to stopped approaches is the
P007'
adversely affect gap acceptance and basis for level of service definit ions.
stopped approach capacity
Figure 2-9. Illustrations of capacity concepts at unsignalized intersections.
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Figure 2-10. Friction requirements for stopping on horizontal curves. (Source: Ref. 2-8)
capacities, because discharge flow rates are lower due to poorer
acceleration capabilities. On downgrades, braking requirements
increase. Vertical curves (their location and length) directly
influence the amount and location of restrictions to stopping
sight distance.

with intersections. There are three types of sight distance relevant to intersections. These are corner sight distance, stopping
sight distance, and decision sight distance.

Corner Sight Distance
Cross Section

Roadway widths and roadside design characteristics can significantly influence intersection operations. In urban areas, the
frequency and consequences of many width-related features can
affect nearby intersection conflicts. On rural highways, availability of shoulders for turning vehicles or for lessening the possible adverse effects of bicycles is important.

The ability to safely accelerate from a stopped position and
cross conflicting traffic is a necessary feature of intersections.
Clearly, sight line vehicle characteristics, prevailing speeds, and
crossing distance all determine minimum sight distance "at the
corner." Figure 2-11 illustrates this concept. Providing sufficient
sight distance at stopped or uncontrolled approaches is accomplished through profile design, clearing of sight triangles in each
quadrant of the intersection, and adjusting the location and angle
of intersection.

Sight Distance

Stopping Sight Distance
Sight distance, created by all the geometric elements- of the
highway, is among the most significant characteristics associated

Safe minimum stopping sight distance is necessary at all points
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on the highway. It is particularly critical on the approaches to
intersections. Designers should note that available sight distance
varies along a change in horizontal and vertical alinement. Stopping sight distance profiles, shown in Figure 2-12, are useful in
evaluating locations of minimum sight distance. Wherever possible, design of the alinement and location of the intersection
should consider these areas of minimum sight distance. It is
best to avoid placing an intersection within the region of minimum stopping sight distance.

Decision Sight Distance
Decision sight distance is the distance required for a driver
to (1) detect an unexpected or difficult to perceive information
source; (2) recognize the potential hazard or opportunity; (3)

select an appropriate speed and/or path; and (4) initiate and
complete the selected maneuver. Major, high-speed intersections, particularly involving route turns or junctions, represent
important navigational points for drivers. Decision sight distance, which includes that distance sufficient for perception and
navigation, should be provided on approaches to major intersections.

CONSTRUCTION COST CONSIDERATIONS

Cliannelization can involvc a wide range of improvements
and their respective costs. Complete reconstruction or new construction, including earthwork, pavement and curb, and traffic
signals can require significant expenditures. Minor channelization improvements such as lane additions, construction of
islands, or improved radius design can be relatively inexpensive.
Some effective channelization treatments, designed within xisting roadways, have nominal cost. These may include island
removal, rechannelization using pavement markings or redesigned islands and sign/traffic signal upgrading.
Table 2-5 presents illustrative or representative costs of a
range of intersection-related improvements. The list was compiled from recently completed or bid projects nationwide.
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COST EFFECTIVENESS

Cost effectiveness of a particular channelization improvement
is highly dependent on the type of improvement, local traffic
conditions, and its cost. Investment in new turning lanes, realinement, rechannelization, etc. largely depends on expected
improvement in a location's accident history, operating costs
and delay, or both. In general, the greatest cost effectiveness is
achieved by improvements that reduce frequencies of severe
accidents (angle, head-on, high-speed rear end, pedestrianinvolved). Channelization design improvements that typically
address such problems include addition of separate turning
lanes, limitations in or control of access, upgrading of traffic
control, and improvements to sight distance or driver sight
angles. Design agencies should monitor the effects of their intersection improvements to provide assistance in future decisionmaking.
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CHAPTER THREE

DESIGN PRINCIPLES

Intersection design must begin with the same objectives basic
to all highway design. These are two-fold:
The design and traffic control scheme should optimize the
operational quality of traffic flow through the intersection.
The intersection should be designed to minimize accidents
and their adverse consequences.
In terms of intersections, operational quality refers primarily
to level of service and delay, and comfort and ease of navigation.
Safety concerns relate not only to accident frequency, but also
to severity of accidents. Good design thus is seen as producing
an intersection that is easily traversed by unfamiliar drivers,
that produces minimal delays for all users, and that is as safe
as is practicable.
With both basic objectives, it is extremely important to recognize the unique characteristics of intersections. They are intended to operate as locations where vehicles traveling in
opposing or conflicting directions must share space. Also, the
route or path choices available to drivers are inherently much
greater than on other highway sections.

FUNCTIONAL OBJECTIVES OF CHANNELIZATION

Clearly, the relationship between meeting the basic objectives
and intersection design is in dealing with conflicts. In other
words, achieving safe, efficient operations must be within the
context of managing the conflicts that are inherent to intersections. With this in mind, a more useful refinement of basic
design objectives is offered for channelization of intersections.
It is the objective of good intersection design and traffic control to achieve the following:
The number of points of potential conflict should be reduced to the minimum required for efficient operation.
The complexity of conflict areas should be reduced whenever possible.
The frequency of actual conflicts should be limited.
The severity of conflicts that do occur should be limited.
These four functional objectives are illustrated on the following
pages.

The first objective translates the basic operational objective
to a meaningful one for intersections. Complex intersections are
difficult to operate efficiently, create confusion for unfamiliar
drivers, and should therefore be avoided. The second objective
contains elements of both operational quality and safety. Each
point of conflict represents a potential source of delay or, in the
extreme, a potential accident. The third and fourth objectives
primarily relate to safety. Recognizing that points of conflict
are necessary at intersections, it is desirable to mitigate their
adverse effects. This includes reducing the chances that a conflict
will occur, and given that one occurs, reducing the consequences
of it.
The four functional objectives thus form the basis for intersection and channelization design concepts. Translating these
objectives into design principles entails analysis of traffic operational problems characteristic of intersections. Years of experience and observations, through both formal research and
day-to-day, working knowledge of problems and their solutions,
reveal the following:

Many intersection operational problems are caused by a
concentration of activities within a very small area. Drivers
forced to contend with rapid, multiple decisions are prone to
error. Their actions (braking, erratic maneuvers) impact other
drivers, further aggravating the situation.
Intersections generally require adjustments in vehicle
speeds for their safe operation. Deceleration and braking for
traffic control to effect turns or to avoid conflicts are necessary
for most drivers who enter the intersection. These speed adjustments themselves create opportunities for driver error and
conflict, as they require other drivers to perceive and react to
them.
Inattentive, unfamiliar, or less capable drivers can significantly affect intersection operations. Sudden lane changes or
braking and inappropriate approach speeds create potential
safety problems. The number of route opportunities provided
by intersections increases the chances of any driver making an
improper or unsafe maneuver.

These "characteristic problems" of intersections are central to
application of the functional objectives of channelization.
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FUNCTIONAL O8J!X?TIV1.' OF CWANN'tI2ATION—
Limitation of Points of Conflict

Prohibition of through and left turn movements by physical channelization
reduces the number of crossing points.

t1

t

Separation of opposing left turn lanes eliminates the potential conflict point
involving the overlapping paths of left turning vehicles.

Prohibition of traffic entering an intersection on one approach eliminates many
potential conflict points with the through facility.
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FUNCTiONAL O&TECTIVE OF dIIANN'LIZATION—
Limitation of Conflict Area Complexity

P'lirnination of multi-leg intersections through street; closures greatly
.impiifies the operation of the intersection.

ahannelized left turn lanes and exit legs separate points of conflict and
define vehicle paths, thereby greatly simplifying the left turn movement.

Reconstruction of offset ifltersectiOn6 eliminates the complex and difficult
through movement "jog."
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FUNCTIONAL OBJECTIVE OF CIIANNELIZATION-Limitation of Corifhct Frequency

Maintenance of 900 angles of intersection minimizes the time of exposure to
cross traffic, thereby reducing the probability of actual crossing conflicts.

-

The use of exclusive left turn lanes removes left turn queues from through
lanes, thereby reducing the number of rear-end conflicts involving left turning
vehicles.
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Prohibition of left turns at stop-controlled intersections diverts movements to
safer, signal-controlled intersections.
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FUNCTIONAL OBJECTIVE OF CWANNELIZATION
Limitation of Conflict Severity

/1
Safe merging of traffic streams is accomplished by small angles of merge and
acceleration tapers, both of which reduce conflict severity.

Long transition tapers and turn lanes promote comfortable deceleration,
enabling safer speed reductions. Note the potential combined effectiveness of
appropriate striping and physical channelization.

Large right turn radii enables higher-speed turn turns, producing smaller speed
differentials with folloing vehicles and thus less severe rear-end conflicts.
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PRINCIPLES OF CHANNELIZATION

The principles of channelization, detailed on the following
pages, have evolved from an understanding of the operational
nature of intersections, and from the functional objectives of
intersection design. There are nine principles described:
Undesirable or wrong-way movements should be discouraged or prohibited through channelization.
Desirable paths for vehicles should be clearly defined by
all elements of the intersection.
Desirable and safe vehicle speeds should be encouraged by
the design of the intersection.
The design of the intersection should wherever possible
separate points of conflict.
Traffic streams should cross at near-right angles and merge
at flat angles.
The design of the intersection should facilitate the movement of high priority traffic flows.
The design of the intersecetion should facilitate its scheme
of traffic control.
The intersection should accommodate decelerating, slow,
or stopped vehicles outside higher speed through traffic lanes.
Safe refuge from motor vehicles for pedestrians, handicapped, and others should be provided where appropriate.

Each of the nine principles is further detailed on the following
pages.
The tools available to designers and traffic engineers for
achieving channelization objectives are summarized in Figure
3-I. There are seven basic design and operational elements:
Traffic lanes (designation and arrangement).
Traffic islands (all sizes and types).
Median dividers.
Corner radii.
Approach geometry (including horizontal and vertical geometry).
Pavement tapers and transitions.
Traffic control devices (signs, signals, etc.).
The first six elements describe the range of physical features
that comprises the intersection. The last element, traffic control
devices, also belongs in this summary. Traffic control devices
fulfill certain of the basic channelization functions. Furthermore,
they are an integral part of any intersection.
Figure 3-1 shows which of the basic design elements are
applicable in addressing the nine principles of channelization.
Chapter Four of the design guide presents guidelines for the
appropriate use and design of these elements.

0
0

0

0

c

0

•

0

m°-

DESIGN
EL EMENTS

-------

'.____±_

-------

Traffic
Lanes
S

•

•

S

•

Medi an
Dividers

•

•

•

•

S

Corner
Radius

•

•

Approach
Geomet ry

I

S

Pavement
Tapers/Transit ions

•

I

Traffic
Islands

Traffic Control
Devices

•

Figure 3-1. Principles of channelization.

•
•

•

S

S

•

S

S

S

S

S

22

PRINCIPLES OF CHANNELIZATION
1) Undesirable or Wrong Way Movements Should Be Discouraged or Prohibited

Channelization -- traffic islands, raised medians and corner radii--should be used to
restrict or prevent undesirable or wrong way movements. Where such movements can not
be completely blocked, the channehzation scheme should discourage their completion.

Raised medians block left turns to and from
minor streets or driveways. Such treatment
may be appropriate at locations where left
turns are dangerous or cause congestion.

RAISED MEDIAN

1+i

Efi

Placement of
median channelization and
design of corner radii can effectively
discourage dangerous wrong-way movements
onto freeway ramps without hindering other
intended movements.

-5-

Alinement of the approach and design of
corner radii can encourage right turn only
movements and discourage undesirable left
turns.

JL_Jtb
Raised traffic islands can block through
movements or undesirable turning movements
&ithout hindering other intersection movements.
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It is occasionally necessary to prevent certain traffic movements in order to promote
Carefully designed channelization can achieve this
safe or efficient traffic flow.
goal without inhibiting other necessary or desirable movements.
Prevention of wrong way movements is particularly important on certain highways:
Freeway Ramps
One-way Streets
Expressways and Other Divided Highways

In other cases, it may be necessary to prevent certain movements which tend to
inhibit traffic flow.
Left turn into driveways near intersections
Commercial driveway access movements along divided arterials
Multi-leg intersections

Also, channelization may be required to maintain the intended functional character of
Through traffic can be discouraged or prevented from using a local or
a street.
residential street through judicious use of channelization.

Physical islands or raised medians block undesirable movements.

Driveway design encourages the right
turn only movements

Small (less than 5-foot) corner radii
serve to discourge undesirable right
turns.
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PRINCIPLES OF CHANNELIZATION
2) Desirable Vehicular Paths Should be Clearly Defined

The design of an intersection, including its approach alinement, traffic islands,
pavement markings and geometry, should clearly define proper or desirable paths for
vehicles. Exclusive turning lanes should be clearly delineated to encourage their
use by turning drivers and discourage their use by drivers intending to proceed
through the intersection. Traffic islands should not cause confusion about the
proper direction of travel around them.

Approach alinement, physical channelization
and pavement markings work in concert to
clearly define proper vehicle paths at this
intersection. Left turn lanes are designed
to minimize the chances of through vehicles
wandering into them.

Locations of islands and their design help
to define appropriate paths of vehicles at
freeway ramp terminal intersections. Clear
path definition is particularly critical
here because of potential for wrong-way
movements and the need to accommodate high
traffic volumes.
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Clear definition of vehicular paths can contribute greatly both to safe operation and
greater intersection capacity. Good path definition "sorts out" various movements,
and minimizes last second lane changes or inadvertent trapping of drivers in undesirable locations.
Clear path definition is especially appropriate at intersections with unusual
geometry or unique traffic patterns. Examples include:
Multileg intersections
Skewed intersections
Intersections at which a major route makes a turn
Intersections with heavy turning volumes
It is not
Application of this principle should not be misconstrued by designers.
necessary, and in fact is often counter-productive, to channelize every movement with
Good judgment in defining vehicle paths should rely on
the use of many islands.
Left turning drivers anticipate moving into the left lane to
driver expectations.
position themselves for the turn. Through drivers (or drivers following a primary,
marked route) expect to remain on the highway. They do not anticipate having to make
abrupt turns from the through lanes. Drivers generally recognize the general order
of priority dictated by the types of movements (left turns, right turns, through
movements) and traffic control. Channelization to define paths for these movements
should reinforce these driver expectations.

Thrning movements and through lanes are clearly delineated with the use
tapers, pavement markings, and arrangement of lanes.

Left turn lanes should be clearly
delineated from through lanes.

of

Channelization should clearly separate
opposing traffic flows.
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PRINCIPLES OF CHANNELIZATION
3) Desirable or Safe Vehicle Speeds Should be Encouraged

Channelization should promote desirable vehicle speeds wherever possible.
In some
instances this means providing open alinement to facilitate high-speed, heavy volume
In other cases, channelization may be used to limit vehicle
traffic movements.
speeds in order to mitigate serious high-speed conflicts.

Alinement and channelization promote
deceleration and low speed approach to the
stop sign. This facilitates safe left turns'
onto the major, unstopped highway.
The
right turn movement from the major highway
is provided with high-speed channelization.
This movement has a high priority and can be
safely' completed at high speed.

The design of approach and turning bay
tapers should promote safe comfortable
deceleration and be consistent with driver
expectancy. Long, smooth tapers on
approaches are appropriate.
Bay tapers
should be short enough to clearly delineate
the turning lane, and to avoid inadvertent
trapping of through drivers.

Small turning radii, which promote low speed
right turns, are appropriate where such
turns regularly conflict with pedestrians.
At other locations, capacity considerations
may dictate the use of larger radii, which
enable higher speed, higher volume turns.
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Promotion of safe speeds is critical to optimizing intersection safety. This means
maintenance of speeds appropriate for the type and location of the intersection, as
well as for the type of traffic control.
In certain cases, promotion of high speeds is desirable. These may include:
Turning roadways from through legs of intersections on relatively
high speed highways
Through legs of relatively high-speed highways

In other cases, channelization should encourage or promote low speeds. For example:
Intersections near schools, parks or other land uses that generate
pedestrian traffic
Approach

to stop-controlled intersections of relatively high-speed

highways

Long, smooth tapers are appropriate for deceleration lanes on high-speed
highways. Tapers should both delineate intended lane use and promote safe
deceleration.

In urban areas, with pedestrians,
parking and transit buses, low speeds
should be encouraged for turning
vehicles at intersections.

T-type
crossings
for
stopped
approaches promote safe deceleration
and braking. They also optimize the
driver's view of approaching traffic
from both directions of the major
roadway.

28

PRINCIPLES OF CHANNELIZATION
4) Points of Conflict Should be Separated Where Possible

Separation of points of conflict eases the driving task. Channelization techniques
such as development of turning lanes, design of islands and control of access points
all serve to separate points of conflict. This enables the driver to perceive and
react to conflicts in an orderly manner.

-----------------------------

Exclusive turning lanes separate rear-end
conflicts associated with decelerating,
diverging vehicles from the turning and
crossing conflict points within the intersection.

Highly channelized right turns separate
merge-related, right turn conflicts from
other turning and crossing conflicts within
the intersection. Median dividers separate
head-on conflicts.

Maintenance of adequate intersection and
driveway spacing combined with access
control separates points of conflict along a
corridor.

29

Conflict separation can improve both capacity and safety.
Development of turning
lanes, and access control through median channelization, promote corridor capacity by
separating local turning conflicts from through traffic.
Separation of opposing
traffic lanes at intersections eases left turn and through movements by providing an
additional margin of error for vehicles that wander outside their optimal path.
Separation of conflict points should focus on the element of time and its relationship to the driving task, which includes perception, reaction, navigation and
execution of the necessary maneuver. Thus, appropriate design for conflict separation must be sensitive to prevailing speeds. Many safety problems at older, highly
channelized rural intersections can be traced to insufficient distance (and time)
between points of conflict.

Tail
Left turn lanes reduce rear-end conflicts.

Right turn lanes renvve rear-end
conflicts in advance of crossing conflicts at unsignalized intersections.

Separation between frontage vads and
through arterials eases the driver's
task of handling multiple conflicts.

Closing up a wide, open driveway
restricts movements to designated
locations. Exit and entry conflicts
are thus more readily separated.
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PRINCIPLES OF CHANNELIZATION
5) Traffic Streams Should Cross at Right Angles
and Merge at Flat Angles

Crossing and merging of traffic streams should be accomplished to minimize both the
probability of actual conflict or collision, and the severity of conflict. Channelization and alinement design should produce crossing vehicle streams at as close to
0)
Where vehicle streams merge, the alinement of
riqht angles (90 as is practical.
the merging roadways should be accomplished dL haL angles.

_dR $

,
vds
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Right angle crossings minimize the distance
and time of exposure to crossing conflicts
within the intersection. In the schematic
example at left, dR, the crossing distance
for a right angle intersection, is considerably smaller than ds) the crossing distance
associated with a skew angle of about 450.

Skewed crossings also produce awkward and
often obstructed sight angles for drivers
approaching on the angled highway. Angled
crossings such as the lower example are
particularly undesirable, as the driver's
sight line is obstructed by the vehicle
interior.

Roadways that merge at flat angles facilitate the actual merging maneuver.
In
addition, flat angle merges lessen impact
energy, thereby resulting in less severe
accidents and conflicts.
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Design for crossing and merging traffic streams should reflect approach geometry,
traffic control in effect, and prevailing speeds.
Right turn movements intended to operate as free movements or under yield control
should be designed with flat angle merging areas. Where it is intended that vehicles
stop before completing the turn, the channelization should promote a stop at right
angles to the crossing facility.
The importance of avoiding severe skew angles varies with the type of intersection.
Low-speed, signalized intersections can be operated adequately without altering the
angle, through long amber and/or all-red signal indications. At high-speed, rural
intersections under stop control, however, sight angle and exposure problems caused
by skew angles may be serious.

Turning lanes that operate freely or from yield control should be designed to
promote safe merging.

--

-

Ske&ed intersections create large,
open intersection areas, and increase
vehicles' exposure to crossing
conflicts.

Right angle crossings minimize the
time and distance of exposure to
conflicts.
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PRINCIPLES OF CHANNELIZATION
6) High Priority Traffic Movements Should be Facilitated

The operating characteristics and appearance. of intersections should reflect and
facilitate the intended high priority traffic movements. Selection of high priority
movements can be based on relative traffic volumes, functional classification of the
intersecting highways, or route designations.

LIGHT TRAFFIC

Realinement of an intersection can facilitate a predominant movement. Former turning
movements are converted to through movements, with other, lighter volume movements
subordinated.

Facilitation of through traffic on the major
route is accomplished by fully channelizing
both major route approaches. Separate left
turn lanes and highly channelized right
turns minimize and separate conflicts
involving through vehicles. The appearance
of the intersection from all approaches is
consistent with its prioritized operation.

Arrangement of lanes at approaches to intersections often is based on proportions of
turning and through traffic. Double left
turn lanes facilitate very high left turn
volume demands.
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Accommodation of high priority movements involves consideration of highway capacity
and operations, and driver expectations.
The form and appearance of basic approach
geometry should clearly reinforce the intended priority movements.
This is
especially important at intersections with unusual characteristics, such as:
Intersections with route turns
Multi-leg intersections
Heavy volume turns
Geometry and channelization can also be effective in reinforcing the traffic control.
At unsignalized rural intersections, design of stop-controlled approaches
should produce an appearance distinctly different from that of through or unstopped
approaches.

The major, through movement is the
most direct through the intersection.

Despite the curved alinement through
the
intersection,
the
through
movements proceed directly.
OW

Major turning movements should be
with
delineated
channelization,
pavement markings and sig-ning.

In central business districts, pedestrians receive high priority. Pedestrian
nvvements are facilitiated by wide,
well-marked crossxzlks, ramps for handicapped, and adequate crossing time.
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PRINCIPLES OF CHANNELIZATION
7) Desired Traffic Control Scheme Should be Facilitated

The channelization employed should facilitate and enhance the traffic control scheme
selected for intersection operation. Location and design of exclusive lanes should
be consistent with signalization or stop control requirements. Location of traffic
islands, medians and curb returns should reflect consideration of the need to place
signals and signs in locations visible to drivers.

The use of exclusive left turn lanes at
signalized intersections greatly improves
operations by providing flexibility in
phasing schemes. This enables easy adjustments in operation to reflect variability in
traffic patterns throughout the day; or
changes in area travel over time. Designs
that safely accommodate simultaneous op posing left turns are particularly flexible.

IF-

Traffic islands, in addition to serving
other functions, are appropriate locations
for stop and yield signs. Use of islands in
this manner results in the sign being placed
at the stop line and within the driver's
cone of vision.
Also note the use of
separate turning lanes at this stopcontrolled intersection.
Provision for a
right turn lane eliminates unnecessary
delays to right turning vehicles from
drivers waiting to make the more difficult
left turn.
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Traffic control and intersection geometry are by necessity closely related. A good
channelizat.ion plan reinforces driver perception of the traffic control plan, as well
as optimizes intersection operation under that plan.
Facilitation of traffic control involves appropriate arrangement of approach lanes
and corner radii and location and design of median dividers and traffic islands.
These considerations are important in maximizing intersection capacity under the
intended traffic control scheme. They also directly affect the actual location of
important signs, traffic signals, stop bars and other traffic control markings.
For example, at stop-control led approaches to intersections the intersection design
should encourage the necessary stop, and should provide clear sight lines to both
directions of cross traffic. At signalized intersections, island placement and lane
arrangements should be coordinated to provide clear signal indications from all
approach lanes.

Left turn lanes facilitate sig-nal
phasing.

Raised islands are useful for
placement of traffic control devices
in locations within the driver's
normal sight lines.

Lane arrangements and proper
intersection design can enable
simultaneous
left turn opposing
movements.

Stop controlled intersections on
high-speed highways must be designed
with adequate sight distance.
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PRINCIPLES OF CHANNELIZATION
8) Decelerating, Stopped or Slow Vehicles Should be
Removed From High-Speed, Through Traffic Streams

Intersection design should wherever possible produce separation between traffic
streams with large speed differentials. Vehicles that must decelerate or stop
because of traffic control or to complete a turn should be separated from through
traffic proceeding at higher speeds. This practice facilitates safe completion of
all movements by reducing rear-end conflicts.

Separate left- and right-turn lanes on
high-speed rural highways remove decelerating vehicles from through traffic.
The
potential severity of high-speed rear-end
conflicts makes the use of separate turn
turning
lanes desirable regardless of
traffic volume.

OFFSET RADIUS
RETURN

MULTI-CENTERED
RADIUS RETURN

Large corner radii, or offset or multicentered radii, facilitate right turns off
high-speed highways.

On low-speed arterials or urban streets,
left turn lanes remove queued vehicles from
through traffic. This enables left turning
traffic to either await their signal indication or select a gap in opposing traffic
without impzcting through traffic flow.
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Differentials in speeds of vehicles within the same traffic stream are among the
primary causes of traffic accidents. Speed differentials are particularly significant at intersections because of the frequency of their occurrence.
All turning
vehicles must decelerate to a safe and comfortable turning speed, which is typically
10 - 15 miles per hour. Left-turning vehicles often must decelerate to a stop for
either response to a traffic control device, or to await a gap across opposing
traffic.
Separation of these slow and/or stopped vehicles from through lanes promotes intersection safety by reducing or eliminating rear-end conflicts. Intersection capacity
is also improved.
Through vehicles can proceed without being impeded by turning
vehicles in front of them.

J.

- ,-

MOO

Left turn vehicles awaiting gaps can
safely queue within left turn storage
lanes.

Right turn deceleration lanes off
high-speed highways promote safe turning speeds.

Long approach tapers and lane lengths
are necessary to provide for safe
deceleration for turning vehicles.

Continuous two-way left turn lanes
promote safe access to multiple driveways outside higher speed through
lanes.
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PRINCIPLES OF CHANNELIZATION
9) Provide Safe Refuge For Pedestrians and
Other Non-motor Vehicle Users

Channelization can shield or protect pedestrians, bicycles and handicapped within the
Proper use of channelization will minimize exposure of these
intersection area.
vulnerable users to vehicle conflicts, without hindering vehicular movements.

Raised median channelization of sufficient
width provides midway refuge for pedestrians
crossing wide arterial streets.
This reduces total time of exposure to conflict,
and also greatly eases the crossing task.
With median refuge, pedestrians can concentrate on one direction of traffic at a time.
This is particularly important to the
elderly and handicapped, whose travel times
crossing the intersection are much greater
than the general population.

Unchannelized right turns with large turning
radii greatly increase open pavement area,
and pedestrian exposure to conflicts.
Raised traffic islands serve as locations of
pedestrian refuge, reducing maximum time of
exposure to conflicting vehicular flows for
easier crossing.

Midblock sidewalk "peninsulas" facilitate
pedestrian crossings by reducing crossing
This use of channelization also
times.
partially shields parallel parked vehicles.
(Such special midb lock treatments are
appropriate only on low-speed streets.
Signing to alert drivers of midblock pedestrians is important.)
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Provision for pedestrians, bicycles and the handicapped is highly important because
of the vulnerability of these users to serious conflicts with motor vehicles.
In many cases, traffic islands intended to serve as channelization devices for motor
traffic are adaptable to pedestrian refuge. Maximum utility of these islands is
gained if their design is sensitive to pedestrian needs.
In other instances, charmnelization may be introduced specifically for refuge of
pedestrians.
In these cases, it is essential that such treatments not adversely
affect vehicular traffic flow.

-64 loot

Large, raised traffic islands provide pedestrian refuge.

Raised medians of sufficient width are
also used by pedestrians crossing wide
arterials.

Median design and crosswalk placement
can be coordinated to provide refuge
to pedestrians and the handicapped.
Note the break in the median islands
at the crosswalk. This design specifically accommodates wheelchairs.
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CHAPTER FOUR

GUIDELINES FOR DESIGN OF CHANNELIZED INTERSECTIONS

One or more of the principles of channelization are applicable
at every intersection. Good, cost-effective design focuses on the
important principles and objectives of a particular location.
Clearly, optimizing level of service and safety means different
things for different intersections. The functional classification,
location, traffic characteristics and environmental conditions
tend to dictate what is acceptable or possible in terms of safety
and delay. This, in turn, influences which of the principles apply,
their relative priority, and how the design elements should be
combined to produce the desired operation.
Consider, for example, Figure 4-1, which describes operational and safety considerations for intersections in different
locations. The design focus is obviously different for an intersection on a primary, two-lane rural highway from that for an
intersection in a central business district.
In this chapter of the design guide, guidelines for the design
of intersection elements are presented. These guidelines are
based on an assessment of current standards and practices na-

RURAL
INTERSECTIONS

OPERATIONAL
CONCERNS

SAFETY
CONCERNS

tionwide, and a review of Llic technical litcraturc on intcreotion
safety and operations. Their development and presentation reflects the wide variation in operating conditions and priorities
indicated in the previous discussions.
Designers should apply the guidelines presented here within
the context of their own experience, local practices, and costs.
Intersection design is sufficiently complex to defy warrants or
guidelines that address all possible conditions. Instead, these
guidelines are intended to assist designers and traffic engineers
in their decision-making, and to provide technical background
for assessing the effects of their designs.
A review of the guidelines will show that they are sensitive
to the full range of operating conditions as described by the
functional classification of intersecting highways, the location
and environmental conditions, traffic volumes and mix, and
typical or prevailing vehicle speeds. In general, .design values
are described in functional terms, i.e., the dimensions are directly
related to a desired or intended operating characteristic.

SUBURBAN
INTERSECTIONS

Maintenance of High
Speeds for Through
Movements

Maintenance of Flexibility to Accommodate
Traffic Growth

Navigation for
Unfamiliar Drivers

Control of Access
Along Major Routes

Provision for Comfortable Turning Movements

Capacity of Major
Signalized Intersections

Mitigating Rear-end
Conflicts Caused By
Turning Vehicles

Angle and Rear-end
Conflicts at Congested
Intersections

Providing Adequate
Geometry and Sight
Distance For Safe
Gap Acceptance

Localized PedestrianRelated Problems
(Schools, Shopping)

Avoiding Surprise
Situations (e.g.,
hidden intersections,
unusual channelization)

Driveway Access
Conflicts

Figure 4-1. Operational and safety concerns at intersections.

URBAN
INTERSECTIONS

Intersection Capacity
Accommodation of
Parking, Deliveries
Maintenance of Signal
Progression Schemes
and Network Considerations

Pedestrian Conflicts
Angle and Rear-end
Conflicts at Congested Intersections
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NUMBER OF LEGS/TYPES OF INTERSECTIONS

Intersections can be characterized as one of four basic types:
3-leg (including both T- and Y-types), 4-leg, multi-leg and special or unusual types (e.g., rotary intersections). While the
geometry and other conditions may vary, in general an intersection's complexity increases with the number of approach legs
it includes,

Figure 4-2 demonstrates the complexity of intersections in
terms of number and types of conflicts that occur at 3- and 4leg intersections. Safety research confirms the effect of traffic
volumes and potential for conflicts (as defined by number of
approach legs). One major study, summarized in Figure 4-3,
revealed comparable accident rates for 3-leg and cross or 4-leg
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Figure 4-2. Intersection conflicts. (Source: Ref. 4-1)
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Evaluation of channelization/traffic engineering measures
should focus on accident patterns and capacity constraints. Figure 4-4 details the range of possible measures:

4 LEG INTERSECTION
3 LEG INTERSECTION

Closure of one or more legs.
Institution of one-way operation on one or more leg.
Restrictions in permitted turning movements.
Minor realinement.
Where existing multi-leg intersections must remain, consideration of their operation is important. The great number of
conflict points merits signal control unless volumes are very
low. A key in operating signal-controlled multi-leg intersections
is provision for left turns. Removal of adjacent on-street parking
and use of narrower lanes may enable provision for left-turn
lanes on all approaches.
Where existing rotary intersections are operating, their accident history and traffic growth should be continually monitored. Weaving-related accidents such as rear-end and sideswipe
types can be expected to increase significantly as traffic volumes
grow. Design alternatives to rotaries include conversion to a
conventional 4-leg intersection with traffic signal control, or
construction of a grade-separated interchange.
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5000

5000 10,000

10,000 20,000

> 20,000

Figure 4-3. Accident rates at 3- and 4-leg intersections. (Source:
Ref. 4-6)

intersections for low to moderate traffic volumes. As entering
traffic increased to over 20,000 ADT, however, observed accident rate for 4-leg intersections dramatically increased. Although no studies specifically address 5-leg intersections, it is
clear that their general characteristics would be expected to
produce relatively high accident rates.

Design Guidelines For New Construction

Multi-leg (i.e., 5 or more legs) intersections should be avoided
in design of new highways. This should be accomplished in the
route or corridor planning stages. Realinement of one or more
of the approaches to create two simple intersections is a typical
solution. Other solutions may include grade separations or route
closures.
Rotary intersections are generally not considered viable designs for new highways. Their use is applicable only for lowvolume residential streets or recreational areas. Rotaries create
frequent weaving conflicts under all but very low volume conditions. The rotary is difficult to sign, is confusing to unfamiliar
drivers, and produces high accident rates.
Reconstruction I Rehabilitation and Operation of
Existing Intersections

At existing intersections, improvements to multi-leg configurations require evaluation on a case-by-case basis. Most such
problems exist in urban areas, where right-of-way is severely
restricted and major reconstruction alternatives limited usually,
a combination of channelization improvements and traffic management/control measures is applicable.

ANGLE OF INTERSECTION

The angle of intersection of two highways can greatly influence the intersection's safety and operational characteristics.
Both individual vehicle operations and the nature of vehicle/
vehicle conflicts are affected by angle of intersection. Heavy
"skew" intersection angles produce large open pavement areas
within the intersection. Such intersections are not only more
costly to build and maintain, but are undesirable operationally
for the following reasons:
Vehicles crossing the intersection are exposed for a longer
time to conflicts from crossing traffic. This may be a particularly
critical problem at STOP-controlled approaches on high-speed
highways.
The driver's sight angle to one of the crossing legs becomes
more restricted. This increases the difficulty of perceiving safe
crossing gaps.
Pedestrians, as well as vehicles, are subjected to longer
times of exposure to conflicting vehicles.
Vehicular movements are more difficult because of the
skew. Accommodation of large truck turns may necessitate additional pavement and channelization not otherwise called for.
The greater open pavement heightens the opportunity for
vehicles to wander out of their proper paths.
Although no previous research specifically addresses skewed
intersections, the extent of the effect of intersection angle can
be estimated in general terms. One study (4-2) of intersections
in rural municipalities demonstrated the predominance of rightangle-type accidents at STOP-controlled intersections. Similarly,
the same study revealed that intersections with poor sight distance experienced high percentages of right-angle accidents.
Other studies (4-3) indicate improved accident experience results from measures designed to increase intersection sight distance. The angle of skew clearly is related to right-angle and
other accidents associated with poor sight distance.
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Figure 4-4. Alternatives to multileg intersections.

Current design standards explicitly reflect the importance of
controlling the angle of intersection wherever possible. As is
shown in Table 4-1, angles of 75 deg to 90 deg are generally
considered desirable, with 60-deg angles considered acceptable.

Design Guidelines For New Construction

Angles of intersection should wherever possible be maintained
at 75 deg to 90 deg. Where costly or severe constraints occur,
angles as low as 60 deg are acceptable. New intersections should
not include skewed angles less than 60 deg without special design
and control features to mitigate the effects of the skew. These
may include more positive traffic control (all stop, traffic signals)
and/or geometric improvements such as greater corner sight
distance.

Reconstruction / Rehabilitation

Where severe skew angles exist, the need to consider improvements should be assessed with primary emphasis given to
examination of accident rates and
' patterns. A high incidence of
right-angle accidents, particularly involving vehicles approach-

ing from the acute angles, may be evidence of a problem
attributable to the skew.
Table 4-1. Statements from selected state design policies on angle of
intersection.
Alaska, Illinois, Wisconsin
Angle of intersection should be desirably no more than 75 deg, and a
minimum of 60 deg.
Colorado
Skews not more than 30 deg (60 deg) do not materially increase crossing
distances or decrease visibility unreasonably, and are therefore considered satisfactory.
Minnesota
Realinement should be considered for intersections with angles in exces's
of 20 deg (70 deg).
Ohio
Skew angles of 70 deg to 90 deg are recommended, with 60 deg considered satisfactory and 50 deg appropriate only for "salvage" type
projects.
Nebraska
Up to 30 deg (60 deg) skew is allowable at minor intersection.
Idaho
Minimum angles of 70 deg, with 75 deg desirable, are considered appropriate for ramp terminal intersections.
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Geometric Countermeasures
Geometric countermeasures, although expensive, are generally the only way to directly treat skewed angle intersections.
Reconstruction should reflect traffic patterns at the intersection
as well as constraints such as available right-of-way. Figure
4-5, adapted from design standards used by Michigan Department of State Highways, summarizes potential treatments for
reconstruction of skewed intersections. While Types 1 and 2 are
desirable because they maintain the simple crossing, Type 3 may
be applicable if the road to be rebuilt is minor and carries little
Ilnougli traffic. Notc that Typc 3A is generally not desirable,
because it forces through-traffic on the minor road to turn left
while on the major highway.
All the design possibilities shown in Figure 4-5 provide for
adequate tangent approach distance on the rebuilt legs. Avoidance of curves at or near intersections is a design principle
discussed later in this chapter. In particular, special attention
is required to provide adequate sight distance to a STOP sign or
traffic signal on a realigned approach.

Traffic Control Countermeasures
Crossing conflict problems created by skew angles may be
best treated by upgrading the traffic control at the intersection.
Installation of traffic signals may be less expensive than reconstruction. When operated in full or partial actuation, delay to
the major highway can be minimal.
ci
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Design Detailing
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In completing the design of an approach with a skew angle,
care should be taken to minimize its effect. Stop bars and median
island noses should be placed as close to the intersection as
possible to reduce the large open area. Designs for left turning
trucks can assume use of the full throat width (see Figure 4-6).
Special attention should be placed on providing clear corner
sight distance, particularly at unsignalized intersections and/or
intersections on high-speed highways.

HORIZONTAL AND VERTICAL ALINEMENT

'T
.

.

.
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Design of the horizontal and vertical alinement on the approaches to and through an intersection is critical. The alinement
should promote driver awareness of the intersection, and should
enable the driver to focus on the perception, navigation, and
reaction tasks associated with intersections. The following specific operational needs should be incorporated into alinement
design near intersections:
Alinement should provide decision or desirable stopping
sight distance (rather than just minimum stopping sight distance) to the intersection, as well as adequate corner sight distance at the intersection.
Alinement should safely operate under frequent braking
(such as for traffic control, navigation, and collision avoidance)
typically associated with intersections.
Alinement should not be overly difficult to drive, so that
driver attention can be placed on the intersection ahead.
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The effect of approach alinement on accident rates was dramatically demonstrated by Kihlberg and Tharp (4-4). Comparisons of 0.3-mile highway sections of "pure" (tangent) alinement
with those containing intersections, and with others containing
intersections and curves and/or grades, are shown in Figure
4-7. Data for Ohio showed that the presence of curves greater
than 4 deg, in conjunction with an intersection, created significantly higher accident rates on 2-lane rural highways.
A number of state design agencies explicitly recognize the
importance of the alinement at and near the intersection. As
Table 4-2 indicates, problems with sight distance, braking, and
navigation are expected at intersections with concurrent steep
grades and/or sharp curves.

\
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Design Guidelines for New Construction

Designers should avoid locating intersections at or near alinement that is difficult to drive, or that significantly increases
vehicle braking requirements. The following guidelines are suggested:
(i percent on low
Avoid approach grades greater than
speed (30 to 35 mph) highways, and dppluaell grades greater
than - percent on high speed (50 mph and greatrr) highways.

Figure 4-6. Effect of skew and intersection design on operations.
Table 4-2. Statements in state design standards regarding alignment
design near intersections.
Minnesota
Intersections on horizontal curves should be avoided. The curvature
adds an additional clement of complexity to the highway information
that must be processed by the driver, thereby increasing the hazard. It
also complicates the geometric design elements of sight distance, channelization and superelevation.
Mississippi
Intersection of highways on sharp curves should be avoided wherever
possible since the superelevation complicates the intersection design and
the curvature may contribute to sight distance problems.

[i

PURE SEGMENTS

-

SEGMENTS CONTAINING
INTERSECTIONS ONLY
SEGMENIS CONTAINING A CURVE
AND INTERSECTION
SEGMENTS CONTAINING CURVE
GRADE AND INTERSECTION

Nebraska
Intersections occurring on horizontal or crest vertical curves are undesirable with respect to operation as well as sight distance. When
selecting an intersection location, avoid horizontal and vertical curvatures wherever possible.
Nevada
All elements of the geometric design for alignment and grade should
be in balance to permit drivers to detect approaching vehicles and readily
make the maneuvers necessary to pass through the intersection with
safety and with a minimum of interference between vehicles.
Ohio
The grade of the through road desirably should be 3 percent or less,
with a maximum grade of 6 percent. When feasible, avoid steeper grades
within the intersection area for ease in turning and because drivers tend
to misjudge the stopping and starting abilities of their vehicles on grades
steeper than 3 percent.
It is best to avoid intersection locations on a through road curve.
Wisconsin
Steep grades within the intersection area and on the portion of approaches where vehicles are required to stop should be avoided.
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Figure 4-7. Effect of geometry on intersection accident rates.
(Source: Ref. 4-4)
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Avoid locating intersections within or near sharp curves.
A sharp curve is considered one close to AASHTO controlling
curvature for a given design speed.
In general, strive to maintain alinement that is as flat and
tangent as is possible, particularly within a distance equivalent
to 3 sec of driving time on each approach.

In unavoidable situations, special design treatments may be warranted. Consider, for example, Figure 4-8. Design of an intersection hidden beyond the crest of a minimum vertical curve
should be treated carefully. The designer should strive to provide
drivers with advance visual notice of the intersection. In this
case, widening out for the left-turn bay sooner than would

PLAN

Start of channelization taper should be prior to crest of vertical curve to
provide sufficient notice of the intersection.

><
Start
Transition
Here

V

rann here (past crest)
begi

'.-

Extension of the channelization taper (above) provides the only visual
cue of the intersection over the crest of the hill.

Figure 4-8. Adjustments to channelization to reflect vertical alignment.
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normally be done, is a logical and effective design. Similarly,
widening for channelization in advance of a curve is good practice. The "wrap-around" design shown in Figure 4-9 gives notice
to the driver of the impending intersection, and spaces out the
driving tasks (lane placement, speed adjustment, and steering).
Where intersections must occur within sharp curves, the designer should provide greater than minimum stopping sight
distance. This is because cornering friction demands reduce
friction available for braking.
Reconstruction / Rehabilitation

Serious approach alinement problems are usually very costly
to correct. Alteration of profile, horizontal alinement, or both
requires new pavement, earthwork, drainage, and other costly
construction items. Where cost is prohibitive or not justified by
a location's accident experience, low-cost alternatives should be
investigated. These may include:
Installation or upgrading of advance warning signs.
Spot widening to provide shoulders for collision avoidance;
and/or left-turn lanes if none exist.
Upgrading existing traffic control.

WARRANTS/GUIDELINES FOR USE OF
LEFT-TURN LANES

Perhaps the single most influential feature affecting an intersection's operations is the treatment of left-turn vehicles. Accommodation of left turns in many cases is the critical factor

in design. In terms of both level of service and intersection
safety, provision for, or exclusion of, left-turn lanes has great
influence.
Analysis of left turn-involvd conflicts shows why their treatment is so critical. Left-turning vehicles conflict with (1) opposing through traffic, (2) crossing traffic, and (3) through traffic
in the same direction. Not surprisingly, left turn-involved accidents (angle, rear-end, and same direction sideswipe) account
for a significant percentage of intersection accidents at all types
of intersections. And, even a cursory review of intersection
capacity analysis reveals that the capacity of a signalized intersection is highly sensitive to how left turns are treated.
It appears from the above discussion that left-turn lanes are
desirable at any intersection, under most conditions. Unfortunately, cost and space requirements mitigate against their inclusion in all situations. As with all other geometric elements,
their need should be elevated against other design requirements
and constraints. The following guidelines address the need for
left-turn lanes in terms of the basic functional objectives of
design.
A number of basic geometric and operational factors play a
role in decisions to implement or include left-turn lanes at
intersections. These are:
Types of highways (2-lane rural, divided, suburban arterial,
local street, etc.), including functional class.
Prevailing speeds.
Traffic control.
Left turn volumes
Other intersection volumes.
Horizontal and vertical alinement.

Figure 4-9. "Wrap-around" design for approaches to intersection on curves.
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These considerations must be tempered by traffic engineering
analyses for a given location. Capacity analyses of both signalized and unsignalized intersections and analysis of accidents
involving left turning vehicles are essential to the decision.
Much accident research has been performed on the effectiveness of left-turn lanes in reducing intersection accident frequency. The results of one study (see Figure 4-10) show
significant differences in accidents at both signalized and Unsignalized intersections with and without exclusive left-turn
lanes.
Current State of California analysis procedures, based on
recent experience with 3R and traffic engineering improvements
at intersections, are summarized in Table 4-3. Up to a one-third
reduction in intersection accidents on a system-wide basis has
been achieved by implementation of left-turn lanes.
A review of current design practice shows a range of considerations in decisions to provide for left-turn lanes. Table 4-4
summarizes the types of geometric and operational inputs in
various state design standards and policies.

ACCIDENTS PER Ic1ILLION ENTERING VEHICLES

Without
Left Turn
Lanes

Without
Left Turn
Lanes

2.0
With
Left Turn
Lanes

With
Left Turn
Lanes

New Construction —Signalized Intersections

Left-turn lanes should be considered at the planning and
preliminary design stages of any new signalized intersection.
Special efforts should be made to include separate left-turn lanes
because of their many advantages, which include their:

LINSIGNALIZED

SIGNALIZED

Figure 4-10. Effect of left-turn fines on accident rates at intersections. (Source: Ref. 4-5)

Proven safety effectiveness.
Effectiveness in improving intersection capacity.
Flexibility in possible signal phasing schemes.
Understanding of operation by the driving public.
Table 4-3. Safety effectiveness of left-turn channelization.
TYPE OF IMPROVEMENT

AVERAGE
ACCIDENT REDUCTION

LIFE
(YEARS)

MINIMUM ACCIDENT
EXPERIENCE

New Left-Turn Channelization
A. At signalized intersections
With no left-turn phase
With left-turn phase
B. At nonsignalized intersections
C. Two-way left-turn lane

15% of all accidents
35% of all accidents
35% of all accidents
25% of all accidents

New Safety Lighting

15% of night accidents

15

4 or more night accidents last 3
years.

Curve Corrections

50% of all accidents

20

4 or more last 3 years

15% of all accidents
35% of all accidents
30% of all accidents

20
20
20

4 or more last 3 years

10% of all accidents
25% of all accidents
30% of all accidents

20
20
20

4 or more last 3 years

20/10k
20/10'
20/10'
. 20/10'

5 or more last year
4 or more last 3 years
4 or more last 3 years

Shoulder Widening on Narrow
2-Lane Roads (24-ft wide or less)
Width, Ft
28
32
40

AADT
< 3,000
< 5,000
>5,000

Passing Lanes for 2-Lane Roads
Width, Ft
36
40
42 to 44

20 years with standard geometrics where widening and/or other major improvements are accomplished.
10 years with substandard geometrics.
SOURCE: California Department of Transportation.
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Signalized capacity analysis procedures should be used to
determine lane arrangements. Because of the many variables
involved, it is not feasible to develop guidelines for all conditions.
However, the following general "rules of thumb" are useful in
evaluating left-turn lane needs at specific locations.
Separate treatment of left turns will be required if (1) leftturn design volume exceeds 20 percent of total approach volumes; or (2) left-turn design volume exceeds 100 vehicles per
hour in peak periods. This usually means either separate turning
lanes, separate phases for left turns, or both. Figure 4-11 can
also be used to evaluate the relative capacities of different lane
arrangement and phasing schemes. (This figure is intended for
reference as a general planning tool.) The three cases shown in
Figure 4-11 reflect a range of left-turn demand conditions, which
in turn determine signal phasing requirements.
Left-turn lanes may also be considered based on approach
geometrics. If more than minimum stopping sight distance is
not available to the intersection, it may be appropriate to include
left-turn lanes regardless of demand volume. This may help
reduce the rear-end accident potential.
At high speed, rural signalized intersections, separate leftturn lanes are considered necessary for safe operations. While
capacity is not generally a problem, protection of queued left
turning vehicles from through traffic is critical. Because the
availability and cost of right-of-way is usually not a problem,
separate left-turn lanes can in most cases be easily implemented.

Table 4-4. Warrants for left-turn lanes—summary of state practice and
policies.
Provide at high speed or high volume intersections—Hawaii, New
Hampshire, New Jersey
Provide at all median openings of divided highways—Alaska, California, Colorado, Minnesota, Mississippi, Vermont, Ohio, Virginia, West
Virginia
Provide when minimum volumes are exceeded—Iowa, Mississippi,
North Carolina, Missouri, Utah, Wisconsin
Provide at signalized intersections when warranted by capacity analysis—many states

Left-turn lanes should be considered at intersection approaches that experience a significant number of left turninvolved (rear-end, left turn angle, same direction sideswipe)
accidents. A total of 4 or more such accidents in 12 months,
or 6 or more in 24 months, is considered appropriate.
Where room for separate left-turn lanes is not available,
traffic control alternatives should be investigated. Such alternatives to left-turn lane implementation include split phasing at
signalized intersections (i.e., operating each approach individually) or prohibition of left turns.

DESIGN OF LEFT-TURN LANES
New Construction—Unslgnalized Intersections

Streets and highways with unsignalized intersections also may
require left-turn lanes to facilitate traffic flow. The following
guidelines are suggested:
Left-turn lanes should be considered at all median crossavers on divided, high-speed highways.
Left-turn lanes should be provided at all unstopped (i.e.,
through) approaches of primary, high-speed rural highway intersections with other arterials or collectors.
Left-turn lanes are recommended at approaches to intersections for which the combination of through, left, and opposing volumes exceeds the warrants shown in Figure 4-12.
Left-turn lanes on stopped or secondary approaches should
be provided based on analysis of the capacity and operations of
the unsignalized intersection. Considerations include minimizing delays to right turning or through vehicles, and total
approach capacity.
Reconstruction I Rehabilitation

Addition of left-turn lanes at existing intersections should be
considered if safety or capacity problems occur, or if land-use
changes are expected to produce significant shifts in local traffic
patterns (such as increases in left-turn demand). Left-turn lanes
can often be added within existing street widths by removing
parking, narrowing of lanes or a combination of the two. Figure
4-13 shows an example of such treatment in an urban area.
The traffic volume guidelines described for new intersections
are also appropriate for evaluating the need for left-turn lanes
at existing intersections. In terms of safety, the following guidelines are suggested:

Design of left-turn lanes is directly tied to their intended
functions, the characteristics of the highway, and local constraints. Left-turn lanes provide one or more of the following
functions:
A means of safe deceleration outside the high-speed
through lanes.
A separate storage area for left turns so that signal phasing
can be optimized and intersection delay minimized.
A means of separating movements at unsignalized intersections to reduce left turn impacts on other traffic flows.
The design elements of left-turn lanes, summarized in Figure
4-14 include the approach taper, bay taper, length of lane, width
of lane, and departure taper.

Approach Tapers

Approach tapers direct traffic to the right, and provide space
for development of the turn lane. Their design should smoothly
direct all vehicles in the through lanes without the need for
abrupt steering. Well-marked approach tapers have the added
benefit of providing to all drivers visual notice of the intersection.

Bay Tapers

Bay tapers direct left-turning traffic from the through lanes
to the left-turn lane. Their design should not be so short as to
promote abrupt entry to the lane; nor should it be so long that
through drivers unintentionally wander into the lane.
On low speed streets, or in areas with limited space, the bay
and approach tapers can be combined. The total taper produces
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Figure 4-11. General capacity guidelines for consideration of left-turn lanes at signalized intersections. (Source:
Ref. 4-6)
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Figure 4-12. Volume warrants for left-turn lanes at unsignalized intersections. (Source: Ref. 4-7)

a partially shadowed left-turn lane, as illustrated in Figure
4-14. With partially shadowed left-turn lanes, the offset created
by the approach taper does not entirely protect or "shadow"
the turn lane.

Length of Lane

The left-turn lane length is among the most important design
element of left-turn lanes. Its design is directly tied to the particular function of the lane, which is based on prevailing speeds,

traffic volumes, and traffic control. The design basis for length
can be deceleration, storage, or a combination of both.
Left-turn lanes on high-speed highways should be designed
to accommodate vehicle deceleration and braking. The channelization principle of removing slow or decelerating vehicles
from through traffic applies at such locations. Figure 4-15 illustrates the functional basis for design of deceleration-based
left-turn lanes according to AASHTO. The assumed "reasonable" driver behavior includes deceleration in gear for 3 sec.,
followed by comfortable braking completely within the turning
lane. Where constraints exist and speeds are moderate, an al-
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Arrival rate of left turns.
Arrival rate of through vehicles.
Vehicle mix.
Traffic signal cycle length.

MI DB LOCK
APPROACH CROSS SECTION
4 Lanes plus left turn)

pq

23-28

1p

1012

b

23-28
r

I

The lane should be long enough to operate independently of
through traffic lanes. As Figure 4-16 shows, queue lengths of
both the lcft turn demand as well as through traffic should be
elieckcd. The forticr is important to avoid left tuitit baekiiig
up into through traffic: the latter is necessary to avoid blocking
of access to the left-turn lane by queued through traffic.
Certain turning lanes should be designed for a combination
of deceleration and storage. Signalized intersections on highspeed rural highways and moderate speed suburban arterials are
included.
In all cases, the minimum length of lane should be based on
storage of one vehicle, typically the largest vehicle expected to
use the approach. As this is usually a WB-50 or similar large
truck, appropriate absolute minimum left turn lengths are 50
to 75 ft.

ONLY
Width of Lane

-

W 56-68 feet )Edge to Edge)
MID-BLOCK CROSS SECTION
14 Lanes plus parking)

Left-turn lane widths should reflect the speed, volume, and
vehicle mix. Although 12-ft widths are desirable, lesser widths
may function effectively and safely. Absolute minimum widths
of 9 ft should be used only in unusual circumstances, and only
on low speed streets with minor truck volumes.

Departure Tapers

APPROACH

Figure 4-13. Addition of left-turn lanes wjthjn existing cross section.

The departure transition from the intersection should be designed in concert with the left-turn lane on the opposite approach. Abrupt tapers should be avoided so that smooth
acceleration away from the intersection is promoted. The departure taper should begin opposite the beginning of the leftturn lane, and continue to a point at least opposite the approach
taper. Extension of the departure taper beyond the approach
nose of raised median channelization is recommended whenever
possible.
Figures 4-17, 4-18, and 4-19 summarize recommended design
values for the elements that comprise left-turn lanes. Table
4-5 describes suggested lane widths for a range of typical conditions.

SPECIAL LEFT-TURN DESIGNS

ternative deceleration -based functional design length, also
shown in Figure 4-15, can be used. Here, braking is assumed
to begin where two-thirds of the lane width is developed.
At intersections with high approach volumes the design length
should be based on the rate of arrivals (demand volume) during
an appropriate time period. Here, the functional requirements
of the lane primarily involve storage of queued vehicles outside
the through traffic lanes. Where storage is the key functional
concern, the following elements affect appropriate lane lengths:

Many intersection and corridor operational problems can be
traced to difficulties of accommodating left-turn demand. Such
difficulties involve both demand volume and the frequency of
demand along a corridor. A number of channelization techniques have been developed and refined in recent years to address
these unusual or severe left-turn volumes. These techniques
include (I) use of double left-turn lanes; (2) use of continuous
two-way left-turn lanes in medians of arterial highways, and (3)
special left-turn alternatives such as at-grade loops, jughandles,
and median crossovers. In this section, guidelines for the application and design of these special techniques are presented.
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Departure Taper

Approach Taper

Length of Lane

Bay Taper

LEFT TURN LANE WITH FULL SHADOW
WL= Ws(

Departure Taper

Approach Taper

Bay Taper

Length of Lane_,

LEFT TURN LANE WITH PARTIAL SHADOW
(WL>Ws)

Figure 414. Elements of left-turn lane design.

DECELERATION N GEAR
Initial Speed of Turning

O

BRAKES APPLIED
(At Full Lane Wjdth(

Traffic Assumed 10 mph
less than Design Speed

-

/

Desirable Basis for
Design of Left Turn
Lanes for

Speed Profiles of
Turning Traffic

BRAKES APPLIED (At 2/3 Full Lane Width(

Speed Profile of
Through Traffic

Minimum Basis for
Design of Left Turn
Lanes for Deceleration

DISTANCE

Figure 4-15. Functional bases for design of left-turn lanes for deceleration.

on
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Left turn lanes should be long enough to enable approaching vehicles to bypass queues in through lanes, and to acconvivdate left turn arrivals within
the lane.

Sufficient length for double left
turn lanes is particularly importSignal phasing and capacity
ant.
considerations generally require
independent operation of these lanes
from through lanes.
Figure 4-16. Operational effects of left-turn lane length.
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Figure 4-17. Recommended functional basis for design length of
left-turn lanes.

This left turn lane is too short to
acco nvno date queues of any magnitude
in either lane.

Ld/b -- Length of Taper and Lane For Deceleration and
Braking
Functional Basis: To provide sufficient length for a
vehicle to decelerate and brake entirely outside the
through traffic lanes
Desirable Design: Deceleration in gear for 3 seconds
(occurs over bay taper) followed by comfortable
braking to a Stopped position

L 5 -- Length of Lane For Storage (Full Width Lane)
Functional Basis: To provide sufficient length for a
reasonable number of vehicles to queue within the
lane without affecting other lanes
Desirable Design:
Based on twice the mean arrival
rate (per cycle for signals, per 2-minute period for
stop control) during the peak hour of traffic
Minimum Design:
Based on mean arrival rate, with
fminimum storage for one vehicle

Design Values For Ld/b
S--Speed
(mph)

Total

30
40
50
60

235
315
435
530

Length (ft)
Lane
Bay Taper
90
125
195
240

(145)
(190)
(240)
(290)

L5 for Stop

DHV
(vph)
<60

L5 for Traffic
Signal Control
600

Ls
(ft)

a

50-75

61-120 100
Minimum Design:
Braking begins at 2/3 full lane
width, with minimum 50-foot storage.
For low speeds
only, the following values apply:

300

121-180 150
>180

Design Values For Ld/b
S--Speed
(mph)
30
35
40
45

Total
230
250
280
320

Length (ft)
Lane
Bay Taper
50
70
100
140

Figure 4-1& Guidelines for design lengths of left-turn lanes.
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Ta -- Approach Taper Design

Tb -- Bay Taper Design

Functional Basis: To provide a smooth lateral
approaching
the
vehicles
all
transition
for
i nteresect ion

Functional Basis: To direct left-turning vehicles
into the turn lane
Tangent; or reverse curves with
Form of Alinement:
1/3 of the total length comprised of a central tangent

Form of Alinement: Tangent
Desirable Design: Provide a fully shadowed lane (Wa >
W1). Recoiruiended for high speed intersections and
intersections in rural and open urban areas with no
space constraints.

Desirable Design: For fully shadowed left turn lane
Tb = WIS
2.5

W1 = Width of Lane
S = Speed (mph)

W1 = Width of Lane (ft)

Ta = W1S2
60

Typical Values for Tb*
S = Speed (mph)
S--Speed
(mph)

W1 -- Width of Lane (ft)
11.5
12
11

Typical Values for Ta*
S--Speed
(mph)
30
40
50
60

W1 -- Width of Lane (ft)
12
11.5
11
165
295
460
660

170
305
480
690

180
320
500
720

30
40
50
60

130
175
220
265

140
185
230
275

145
190
240
290

* Rounded to nearest 5 ft

* Rounded to nearest 5 ft

Provide a partially shadowed lane
Minimum Design:
(see Figure 4.14) with W < W1. Design as follows:
Ta = WsS

W 5 = Offset (ft)
S = Speed (mph)

As a minimum, a 10:1 taper ratio should be used.
Figure 4-19. Guidelines for design tapers of left-turn lanes. (Source: Refs. 4-9, 4-10)

Minimum Design: Taper ratios of 8:1 can be used for
tangent bay tapers. For constrained locations, ratios
as low as 4:1 can be used with painted channelization.
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Table 4-5. Appropriate design widths of left-turn lanes.
LOCATION AND
SPEED

FUNCTIONAL
CLASSIFICATION

LEFr-TURN LANE
WIDTH (PT)

Rural (high
speed)

Primary and
12—new design
minor arterials 11—minimum for 3R design

Suburban (high
and moderate
speed)

Primary and
minor arterials

11 - 12

Figures 4-20 and 4:21 illustrate the foregoing design principles.

Suburban (moderate Collectors
speed)

10 - 12

Urban (moderate
and low
speed)

11 - 12—new design
10—minimum for 3R design
9 - 12 (9 ft is appropriate
only in unusual cases)

Arterials
Collectors

full lane width of recovery area should be provided in the median
opposite the double turning lane for recovery of trapped vehicles.
Designers should check for possible conflicts involving left
turns opposing double left turns. Where such simultaneous
movements occur, special pavement markings to separate opposing turns may be necessary.

Continuous Two-Way Left-Turn Lanes (COTWLTL)

Double Left-Turn Lanes —Guidelines For Use

Double left-turn lanes have been applied successfully nationwide at locations with severe capacity or operational problems.
Their applicability is generally greatest at high-volume intersections with significant left turning volume in one or more
directions. Often, double left-turn lanes are necessary for overall
intersection capacity reasons.
Double left-turn lanes should be considered at any signalized
intersection with high design hour demand volumes for left
turns. As a general "rule-of-thumb," left turn demands of 300
vph or more are appropriate for consideration of double leftturn lanes.
The need or desirability of double lefts should be determined
from typical capacity analyses. Alternative lane arrangement
and signal phasing schemes should be tested. In terms of capacity, double left-turn lanes operate at about 1.8 times the
capacity of single left-turn lanes.
Because of the high volumes associated with double left-turn
lanes, and their relatively unusual nature, fully protected signal
phasing is generally warranted.

Design of Double Left-Turn Lanes

Years of experience and research have provided a number of
design guidelines for double left-turn lanes:
The throat width for turning traffic is the most important
design element. Drivers are most comfortable with extra space
between the turning queues of traffic. Because of the offtracking
characteristics of vehicles and the relative difficulty of twoabreast turns, a 36-ft throat width is desirable for acceptance
of two lanes of turning traffic. In constrained situations, 30-ft
throat widths are acceptable minimums.
Guiding pavement markings to separate the turning lanes
are recommended. The MUTCD recommends 2-ft long dashed
lines with 4-ft gaps to channelize turning traffic. These channelization lines should be carefully laid out to reflect offtracking
and driving characteristics.
Designers should carefully sign and mark double turning
lanes to prevent inadvertent "trapping"of through traffic. Fully
shadowed lanes should be designed wherever possible. Up to a

A major problem on many suburban and urban arterials is
that of midblock left turns. Demands for access to businesses
and private residences often create serious congestion and/or
safety problems. Left turn conflicts with both opposing and same
direction (rear end) vehicles can seriously degrade corridor
operations.
The problem is often not solvable by construction of regularly
spaced left turn lanes. Driveway spacing and turning volumes
into any one driveway often preclude this solution. Complete
access restrictions are often not possible either, because they
create an undue burden on residents of the corridor.
Many agencies have turned to continuous two-way left-turn
lanes (COTWLTL) to solve the left turn conflict problem while
maintaining access to roadside actiyities. Recent experience with
COTWLTL suggests they are safe and cost-effective.

Guidelines For Implementation of COTWLTL

COTWLTL should be considered whenever actual or potential midblock conflicts occur. The following information could
indicate the need for COTWLTL:
Midblock accident history involving left turning vehicles.
Closely spaced driveways.
Strip commercial or multiple-unit residential land use along
the corridor.
A number of studies have evaluated the cost-effectiveness of
COTWLTL. The following warrants/guidelines are suggested
for their application:
Average Daily Traffic Through Volumes
10,000 to 20,000 vehicles per day for existing 4-lane highways
5,000 to 12,000 vehicles per day for existing 2-lane highways
Turning Volumes
70 midblock left turns per 1,000 ft during peak hour
left-turn peak-hour volume of 20 percent or more of total
volume
Minimum Length
1,000 ft or 2 to 3 blocks is considered a minimum reasonable
length

Design of COTWLTL

COTWLTL applies to a range of highways, from urban streets
to suburban arterials. In general, COTWLTL can be considered
when operating speeds are 50 mph or less.
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Wide throat widths enable comfortable placement
of vehicles turning two abreast.
Figure 4-20 Design of double left-!urn lanes.
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0

Special pavement markings and application of
channeli2ation principles ass-i-st traffic in
safely completing the double left turn movement. Here, the approach roadway is transition
to a right-turn crossing, and the double turn is
guided into a full, 3-lane width.
Figure 4-20. Continued
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Good design pr'onvtes simuta:cous d:izaiye forn
both lanes.

Note the offset between turning vehicles.

PNK

Large vehicles generally will turn in the
outside lane.
Figure 4-2 1. Operational characteristics of double left-turn lanes.
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Good design of COTWLTL should involve evaluation of
speed, vehicle mix, roadside characteristics, and local conditions.
Lane widths of 10 to 16 ft have been successfully used. Table
4-6 gives suggested lane widths for various types of highways.
New designs incorporating COTWLTL should strive for 12ft to 14-ft lane widths. Conversion of existing cross sections is
generally more constrained; however, narrow widths should be
avoided except for low-speed streets. Widths of 15 to 16 ft may
be appropriate for corridors with large volumes of left-turning
trucks. However, such widths can generate shared use of the
lane (i.e., side-by-side) by opposing drivers, which is potentially
hazardous.
COTWLTL should be marked according to the MUTCD.
Overhead signing at regular intervals is recommended to remind
drivers of the proper lane use.

Other Left Turn Treatments

In some cases, the highway geometry and traffic characteristics prevent efficient operation of intersections with direct left
turns. A number of design agencies have implemented special
solutions to such problems. These include directional crossovers
to handle left turn demand, jug handles, and at-grade loops.
Figure 4-22 depicts special left turn alternatives. Application
of these treatments may be appropriate under the following
circumstances:
Heavy left-turn demand exists.
Heavy through-traffic demand exists on both highways,
requiring much of the traffic signal's green time.
Right-of-way in one or more quadrants is available; or
median width is available.
Sufficient spacing exists to adjacent signalized intersections.
The intent of special design treatments is to eliminate the left
turn movement and its required signal phase, without prohibiting the actual movement. Traffic is diverted through the intersection as a right turn or through movement, whereupon it
completes the "left turn" on the cross street, again as either a
right or through movement.
The operational advantages of these designs are that they
enable simple phasing, thereby facilitating signal progression
schemes and corridor capacity. Potential problems with these
designs relate to the weaving movement required in some cases,
and the result that "left turn" traffic must go through the
intersection twice.
In rural areas with low left turn volumes, a different type of
design is often used in lieu of left turn channelization. Bypass
lanes, applicable to the through approach at a T-type intersection, can separate the infrequent left turns queued inside the
through lanes.

Other Corridor Alternatives

Other alternatives for handling left-turn demand along a corridor are presented in the section on "Access Control."
EXCLUSIVE RIGHT-TURN LANES

The use of right-turn lanes at intersections can significantly
affect operations; Improved level of service at signalized inter-

Table 4-6. Lane widths for COTWLTL.
PREVAILING
SPEED

LANE USE/VEHICLE
TYPE

APPROPRIATE
WIDTH OF LANE

25-30 mph

Residential, business
(passenger cars)

10 ft absolute
minimum; 12 ft
desirable

30-40 mph

Business (passenger
cars, some trucks)

12 ft minimum
14 ft desirable

Industrial (many
large trucks)

14 ft to 16 ft

Business

14 ft desirable

40-50 mph

sections can result from addition of a separate right-turn lane
to the design, or from conversion of a through lane to a rightturn lane. At uncontrolled or through approaches, right-turn
lanes can safely remove deceleration, turning vehicles from the
through lanes.
In terms of safety, special treatment for right-turning vehicles
is less critical than for left turns. Right turns involve fewer and
less severe conflicts, and tend to have lesser influence on through
traffic flows at intersections. Nevertheless, there are conditions
for which the added cost of providing exclusive right-turn lanes
is fully justified by improvements to traffic flow. Factors to
consider include:
In urban areas, peak or design hour volume of right turns;
right-turning rear-end accidents; pedestrian crossing volumes.
In rural areas and on high-speed suburban-type facilities,
volume of right turns; speed of the highway; adjacent land use.
Previous research offers little indication of the expected safety
effectiveness of exclusive right-turn lanes. Clearly, provision for
right-turn lanes would be expected to address conflicts involving
right turning vehicles. These would include rear-end conflicts
with following vehicles, side-swipe conflicts with through vehicles, and conflicts with pedestrians crossing the street being
entered by right turning vehicles.
Current nationwide practice in providing for exclusive rightturn lanes is summarized in Table 4-7. No specific warrants or
guidelines are apparent for low speed, urban intersections. Engineers generally rely on capacity analyses and accident experience when considering right-turn lanes. In rural areas, focus
is primarily on a combination of through and right-turning
volume.

Design Guidelines for New Construction

Provision for right-turn lanes exclusive of through lanes
should depend on traffic volumes, available room for the additional lane, and capacity considerations. At urban intersections, the following factors may contribute to the need for a
right-turn lane:
Significant percentage of approach volume as right-turning
volume.
Presence of pedestrians who would conflict with rightturning vehicles.
Severe skew or grade that increases the difficulty of right
turns.

CROSSROAD

PROHIBITED TURN

DIAN

~,J

TRUNKLINE
NEDIAN

-

PROHIBITED TURN
)

PROHIBITED TURN
MEDIAS

nnr
Figure 4-22. Alternative treatments to conventional exclusive left-turn lanes. (Source: Michigan Department of Transportation)
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Right-turn lanes can be incorporated within standard cross sections that include parking lanes. Removal of parking upstream
of the intersection creates the opportunity to develop an exclusive right-turn lane.
At suburban and high-speed rural intersections, design concerns should focus on right-turn lanes as a solution to potential
rear-end conflicts. High volumes of right turns generated by
shopping centers, developments, and office buildings may warrant construction of right-turn lanes of multilane highways. For
2-lane highways, volume warrants for right turns are generally
much lower. This is because right and through vehicles are
restricted to a single lane. Figure 4-23 and Table 4-7 can be
consulted to provide guidance for including right-turn lanes.
Additional factors not expliitly covered in the volume warrants, but clearly appropriate in considering right-turn lanes,
include:
Geometrics (both horizontal and vertical) that significantly
affect the ease or speed of the right-turn maneuver.
Marked routes that make a turn (Note: these may require
right-turn lanes regardless of volume considerations; driver expectations are important in this case).
Minimum stopping sight distance to the intersection (versus desirable stopping sight or decision sight distance).

Table 4-7. Summary of state design practice in providing right-turn
lanes on rural highways.
CONDITIONS WARRANTING RIGHT TURN
LANE OFF MAJOR (THROUGH) HIGHWAY

Alaska

N/A

Idaho

DHV = 200 vph DHV = 5 vph

Michigan

N/A

Minnesota

ADT = 1,500 vpd All

Utah

DHV = 300 vph

crossroad
ADT = 100 vpd

Virginia

DHV = 500
All

DHV = 40 vph
DHV = 120 vph

Analysis of site-specific accident data may lead to the decision
to add a right-turn lane to a location. In urban areas, a predominance of rear-end sideswipe accidents involving right-turning vehicles could be treated with the addition of an exclusive
lane. In rural areas, frequent high-speed rear-end accidents may
warrant addition of a right-turn lane. In both cases, availability
of right-of-way and costs of construction would determine the
feasibility or desirability of right-turn lane additions.

DESIGN OF RIGHT-TURN LANES

Design of right-turn lanes is similar to that of left-turn lanes.
A right-turn lane can fulfill one or more of the following functions:

HIGHWAY
CONDITIONS

DHV = 25 vph

ADT = 600 vpd

2-lane
2-lane
Des. speed
> 45 mph
2-lane
2-lane,
Des. speed
> 45 mph

DHV = 1200 vph DHV = 40 vph 4-lane
All
DHV = 90 vph
West Virginia DHV = 500 vph DHV = 250 vph Divided
highways
Wisconsin

Reconstruction / Rehabilitation

RIGHT-TURN
VOLUME

THROUGH
VOLUME

STATE

crossroad
ADT = 2500 vpd ADT = 1000 vpd 2-lane

DHV—design hourly volume
ADT—average daily traffic

available green time, cycle length). In designing for storage, the
adjacent through lane volume will often control the desirable
length. This is because right-turn lanes have greater capacity
due to greater signal timing flexibility and potential for rightturn-on-red.
Right-turn lanes at stopped approaches should be of sufficient
length to enable right-turning vehicles to bypass queued through
and/or left-turning vehicles. This allows the higher capacity
right-turn movement to operate independently of other stopped
movements.

Lane Widths

A means of safe deceleration outside the high-speed
through lanes for right-turning traffic.
A storage area for right-turning vehicles to assist in optimization of traffic signal phasing.
A means of separating right-turning vehicles from other
traffic at STOP-controlled intersection approaches.
Design elements of interest include the departure taper, length
of lane, width of lane, and recovery area.
The functional requirements for right-turn lane design are
similar to those for left-turn lanes. When the principle function
is to provide for deceleration, the design should be based on
deceleration in gear for 3 sec, followed by comfortable braking.
With right turns it may be appropriate to assume that braking
continues not to a stop as with left-turn lanes, but rather to the
design speed of the turning roadway or corner radius.
Design for storage at signalized intersections is based on arrival rates for right-turn volumes and departure conditions (i.e.,

Lane width requirements for right-turn lanes are similar to
those for other lanes. In general, 12-ft lanes are desirable, although widths as low as 9 ft may be used in severely constrained
situations. Narrower lane widths often result from conversion
of a parking lane (typically 8 to 10 ft wide) to a right-turn lane
at an intersection.
Designers should be aware of the operational effects of barriertype curbs on drivers. Right-turn lanes adjacent to such curbs
should be designed to full widths (11 to 13 ft) to negate the
constricting effects of the curb. This is particularly important
if the gutter width dimension is nominal.

Design Values

Figure 4-24 summarizes the functional requirements and resulting design values for design of right-turn lanes.
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NOTE: For posted speeds at or under 45 mph,
peak hour right turns greater than 40 vph,
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Figure 4-23. Traffic volume guidelines for design of right-turn lanes. (Source: Ref. 4-11)
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Ld/b -- Length of Taper and Lane For Deceleration and
Braking
Functional Basis: To provide sufficient length for a
vehicle to decelerate and brake entirely outside the
through traffic lanes.
Desirable Design: Deceleration in gear for 3 seconds
(occurs over bay taper) followed by comfortable
braking to a stopped position or to the design speed
of the corner radius.

Ls -- Length of Lane For Storage (Full Width Lane)
Functional Basis: To provide sufficient length for a
reasonable number of vehicles to queue within the
lane without affecting other lanes.
Based on twice the mean arriva'
Desirable Design:
rate (per cycle for signals, per 2-minute period fat
stop control) during the peak hour of traffic.
Based on mean arrival rate, wit
Minimum Design:
minimum storage for one vehicle.

Design Values For Ld/b
L 5 for Traffic
Signal Control

L5 for Stop
For Design Speed of Corner Radius (mph)
600

Highway
Design
speed, V
(mph)

Stop
Condition*

15

25

20

30

DHV
(vph)

L5
(ft)

500
2

<60

50-75

400
(3

30
40
50
60
65
70

235
315
435
530
570
615

185
295
405
500
540
590

160
265
385
490
530
570

140
235
355
460
490
550

-

185
315
430
480
510

z

61-120 100

300

121-180 150

200
0

>180

200 or
more

tOO

C,
2

z
400

*Appropy- iate for right turn lanes on approaches
to stop signs and traffic signals.

Figure 4-24. Guidelines for design lengths of right-turn lanes.
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CORNER RADIUS DESIGN

Table 4-8. Guidelines for selection of design vehicle.
DESIGN VEHICLE

HIGHWAY TYPE

The corner radii are important design elements in that they
influence the operational characteristics, constructiori cost, and
maintenance of the intersection. Design for right corner radii
entails more than consideration of turning and tracking requirements for right turning vehicles. Additional factors include: (1)
presence of pedestrians and bicyclists, (2) other intersection
geometry such as grades and curvature, or traffic islands, (3)
desired traffic control, and (4) available right-of-way.
In all cases, the corner radius should be consistent with the
other intersection features. Intersections on high speed highways
with smooth alinement should be designed with sufficient radii
to accommodate moderate to high speed turns. At other intersections, such as in residential neighborhoods, low speed turns
are desirable. Smaller corner radii would be appropriate in these
cases.
The safety effectiveness of various radii designs is difficult to
establish directly. However, previous research (4-12) has noted
a relationship between vehicle speed differentials and frequency
of rear-end and angle collisions. Also, other research indicates
that accident frequency along a corridor is partially a function
of the number of access points per mile. Access points represent
potential destinations requiring deceleration of turning drivers.
Clearly, the speed at which right turning vehicles complete a
turn, relativeto the highway speed, is important in achieving a
safe intersection.
An additional safety concern involves conflicts between vehicles and pedestrians. Both vehicle speed and open pavement
area (representing pedestrian crossing exposure to vehicles)
increase as corner radius increases.

Design Guidelines—New Construction

Selection of appropriate corner radii should be based on the
following factors:
The appropriate design vehicle.
The desired turning characteristic (i.e., speed and ease of
turn, lane placement).
Other geometric elements such as angle of intersection,
curvature, grades, and cross section.
Other intersection activities (primarily pedestrians).
Constraints, such as availability of right-of-way.

Design Vehicle

Rural Highways

Interstate/freeway ramp terminals
Primary arterials
Minor arterials
Collectors
Local streets

WB-50
WB-50
WB-50 or W13-40
SU-30
SU-30

Urban Streets

WB-50'
Freeway ramp terminals
WB-50 or WB-40
Primary arterials
WB-40 or B-40
Minor arterials
B-40 or SU-30
Collectors
SU-30 or P
Residential/local streets
'Consideration of larger design vehichles, such as WB-65, and other
"over-size" vehicles is important. See Figure 4-25.

At certain locations, more than one design vehicle may be
appropriate. Particular turning movements (say, for transit
buses) may apply only to selected quadrants. Thus, some portions of an intersection may be designed with one design vehicle
and other portions with a different design vehicle. In addition,
it may be desirable to design the physical characteristics (curbs,
islands) of intersection for one vehicle, but provide painted
channelization for a smaller vehicle. This practice can reduce
the visual effects created by spatial requirements for the infrequent large trucks.
Other considerations affecting selection of the design vehicle
include adjacent land use (such as industrial parks) and presence
of, or plans for, transit routes.

Turning Characteristics
The designer should also consider the type or ease of turn to
be accomplished by the design vehicle. Minimum or crawl speed
turns are associated with the minimum turning characteristics
of the design vehicles shown in Figure 2-2. Where it is desirable
for vehicles to turn at a higher speed (i.e., for high volume turns
or turns off high-speed streets), larger radii may be appropriate.
Table 4-9 summarizes the operational characteristics of various
corner radii for the range of design vehicles.

Table 4-9. Operational characteristics of corner radii.
CORNER RADIUS

Selection of an appropriate design vehicle is generally based
on the largest standard or typical vehicle type that would regularly use the intersection. Where reliable vehicle classification
counts are available, they can be used to select a design vehicle.
More often, selection is based on the area type and functional
classification of the intersecting highways. Table 4-8 summarizes
recommended design vehicles for the range of intersection types.
Many agencies are designing intersections along their primary
systems to accommodate a 70-ft, single trailer design vehicle.
Figure 4-25 shows the turning characteristics of this C-70 design
vehicle. Design for such vehicles entails provision for their minimum turns without encroachment on curbs, edges of pavement,
or conflicting traffic lanes.

(vr)

OPERATIONAL CHARACTERISTICS

<5

Not appropriate for even P design vehicles

10

Crawl speed turn for P vehicles

20-30

Low speed turn for P vehicles, crawl speed turn
for SU vehicle with minor lane encroachment

40

Moderate speed turn for P vehicle, low speed turn
for SU vehicle, crawl speed turn for WB-40 or
WB-50 vehicle with minor encroachment

Moderate speed turns for all vehicles up to WB50
* Assuming approach and departure occurs in curb lane.
50
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C - 105

C - 70
Figure 4-25. Special design vehicles for intersection.

Wherever possible, the design of the corner radius and rightturn lanes or tapers should be consistent with respect to "design"
or assumed turning speeds. (See guidelines on design of rightturn lanes.)

Other Geometric Elements
Where the turning movement itself is influenced by other
features, the radius design should be coordinated with the controlling gometry. Adverse horizontal curvature, making a turning movement more difficult, can be partially mitigated by
slightly greater radius design. Heavy skew angles generally require greater corner radii than 90-deg turns.
On narrow streets, or 2-lane streets with bus or large truck
design vehicles, radii should be increased to avoid encroachment
of the design vehicle on opposing lanes. On wider streets, it may
be appropriate to assume encroachment on adjacent, same direction lanes for turning design vehicles. This can greatly decrease the required corner radius, while not measurably
downgrading operations for most vehicles.

Pedestrian Considerations
On many urban streets, pedestrians may be as important a
consideration as right turning vehicles. Smaller corner radii,
typically no greater than 30 ft, can decrease right turn speeds
and reduce open pavement area for pedestrians crossing the
street. Both features contribute to the safe handling of vehicle/
pedestrian conflicts. See Figure 4-26.

Curb Cuts and Ramps For Handicapped
Most public works agencies require provision for handicapped
ramps in new or reconstructed intersections. Their presence,
usually at the corner radius, is necessary to provide access across
the intersection to all potential users. The following guidelines
have been suggested (4-13) for the location and design of ramps
for handicapped:
1. Matching curb ramps should be provided at all intersection
quadrants to provide maximum accessibility.
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Curb

Sideyrl

Increased wathing distance between curbs

Ad

resulting from curved curb return at inter.
Sections.
w • Width of border or the normal setback on
the approach to an intersection.
H • Radius of curb return.

Added Crosswatk Distance Ad
Curb Radius, R

W
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27
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Figure 4-26. Effect of curb radius on pedestrian crossing distances. (Source: Ref.
4-10)
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Utilities, drainage inlets, signs and other fixed objects
should not be located within the path defined by the curb ramp.
Curb ramps should only be constructed where sidewalks
are provided.
Location of curb ramps relative to cross walks and corner
radii should follow the guidelines illustrated in Figure 4-27.
Maintenance of curb ramps is important. Accumulation
of debris tends to occur at the base of the ramp. Also, care
should be taken to ensure that the bottom of the ramp is not
affected should the street be repaved.

Development of Superelevation

Turning roadways require superelevation to assist drivers in
completing the turn with relative comfort at the design speed
of turn. With urban intersections designed with curb and gutter,
superelevation may also be important in providing for drainage
to the outside edge of pavement. Design for superelevation
should consider grades of approach and departure roadways,
desired maximum superelevation, and reasonable rates of change
of superelevation. These controls are summarized in Figure
4-29.

Figure 4-28 illustrates ramp design treatments.
Width of Roadways
Design Alternatives to Simple Radii

Where right-of-way is extremely limited, corner radii may
have to be reduced. An alternative to small radii is multicentered
curvature or simple curvature with offsets from one or both
edges of pavement.
Multicentered curves (including two-centered, three-centered
symmetrical or three-centered asymmetrical) and simple radii
curves with tangent offsets are useful design alternatives. The
AASHTO policy (4-10) discusses multicentered curve radii designs with their operationally equivalent simple radius designs.
Because of their space efficiency, there are significant benefits
to multicentered curvature regardless of right-of-way or space
constraint. These benefits include reduced open pavement area
(thereby resulting in lower pavement and drainage costs) and
reduced need for right-of-way. In addition, properly designed
multicentered curves are consistent with the basic channelization
principle of clearly defining vehicular paths.
Despite these benefits, some agencies do not regularly use
multicentered curvature. The reasons cited generally include
"difficulty in calculation" or "difficulty in field stake-out or
construction." The use of standard designs is recommended
where such problems are anticipated.

DESIGN OF TURNING ROADWAYS

Turning roadways are created by high-type right-turn radius
designs and corner traffic islands. They, are typically used at
high-speed and/or high-volume intersections, and are associated
with a high level of service for right-turning vehicles.
It is important to provide a turning roadway design that is
consistent with the speed and volume characteristics of the turn.
The primary design elements comprising turning roadways are
(1) radius of turn, (2) development of superelevation, and (3)
width of roadway.

The width of turning roadway is critical in determining its
operation. Widths should be based on the turning path of the
design vehicle and any additional space to handle unusual occurrences, such as vehicle stalls within the roadway. This is an
important consideration because the presence of the corner island limits the ability of vehicles to bypass stalled or parked
vehicles on the roadway. Figure 4-29 summarizes the range of
controls typically used to determine turning roadway widths.

TRAFFIC ISLANDS

Traffic islands are among the basic tools for achieving channelization objectives. As Figure 4-30 illustrates, islands are applicable to a number of situations.
Design of traffic islands must consider their intended sitespecific functions. These may include definition of vehicle paths,
separation of traffic movements, prohibition of movements, protection of pedestrians, placement of traffic control devices, or a
combination of these. Application of design guidelines and standards to reflect these functions involves the following considerations:
Selection of an appropriate island type (raised or barrier
type, mountable, painted or flush).
Determination of the proper size and shape of islands.
Location of the island relative to adjacent traffic lanes or
crosswalks.
Design of the individual elements of the island itself.

Radius of Turn

As with other channelization elements, the above considerations
are affected by traffic characteristics, such as volume and speeds,
and environmental factors.
It is difficult to attribute safety effects to the installation of
traffic islands per se. Most accident research has focused on
specific elements such as left-turn or right-turn lanes.
One set of studies investigated differences in accident experience associated with raised vs. painted channelization. The
findings, summarized in Figure 4-31, demonstrate the following:

The design for a multicentered radius dictates the need for,
or desirability of a separate turning roadway. (See "Design Alternatives to Simple Radii" regarding selection of appropriate
radii.) Application of appropriate design criteria for islands results in minimum radii of 60 to 100 ft, or their equivalent
multicentered curves, associated with minimum sized corner
islands.

The use of traffic islands can, in general, contribute to
lower accident severities.
Raised traffic islands are more effective than painted islands in reducing frequencies of night accidents, particularly in
urban areas.
Little difference is noted in the effectiveness of raised vs.
painted channelizing islands at rural intersections.
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If the obstruction is located 0'-6'
from the middle of the curb return,
offset the ramp in the direction of
the major pedestrian movement.

If a drop inlet is located 0'-6' from
the middle of the curb return with a
radius greater than or equal 20',
parallel curb ramps should be
installed. Parking should be restricted
at least 10 ft. (20 ft. preferred) from
the curb ramps.
If the curb radius is less than 20', the
ramp should be offset in the direction
of the major pedestrian movement as in
part of this figure.

win.

a. Middle of curb return
(or diagonal) curb ramps.

b. Parallel curb
ramps.

4' mm.

C.

Parallel curb ramps located
within crosswalks greater
than or equal to 12 ft. in
width,

Parallel curb ramps in a median. Medi3ns
may be made accessible by providing a
break in the median or a crosswalk in
front of the median.

For crosswalks or medians less than 12 ft. wide, center the ramp in the walk
or median.
Parking should be restricted within 10 ft. (20 ft. preferred) of the curb ramp.

Figure 4-27. Guidelines for location and design of curb ramps for the handicapped. (Source: Ref.
4-13)
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CURB RAMP PLACEMENT

- Curb ramp dimensions may :eqtire that
the corner be rounded jff (4-ft. .ide
ramp required).

Oblique angle intersections.

Note 1. If the spacing between ramps
is less than 4', then curb
height should be reduced or
ramp slope increased to maximum
of 10:1. This is similar to a
median (Figure 7c).

14-

4' mm.
See note 1.

Multi-leg intersections.

T intersecticn
At least one parallel curb ramp should be
installed. If one parallel curb ramp is
used, then it should be located in the path
of the lightest turning movernents from the
cross street.

I'

20' sun.

C.

Jogged intersecticn
(The above note is applicable.)

T and jogged intersections.

CURB RAMPS FOR VARIOUS RADII

Figure 4-27 Continued
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-00

Offset ramp on wide crosswalk.

-A

A

T~
Ia~__
-

j

.

Ceniered ramp on small radius curb return. Note
the placement of the traffic signal and controller, which provide a clear area for
pedestrians and wheelchairs.
Figure 4-28. Examples of curb ramp design.
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A

W -- WIDTHS OF TURNING ROADWAYS
Casel
One-Lane, One-Way Operation,
No Provision for Passing
a Stalled Vehicle

Ccciii
One-Lan., One-Way Operation,
With Provision for Passing
a Stalled Vehicle by Another
of the Same Type

Caselil
Two-Lane Operation,
Either One- orTwo-Way
(Same Type Vehicle In
BothLanes)

I

I
I
I

Radluson
lnnsrEdge
of Pavement,
R (tt)

P

SU

WB-40

WB-50

P

SU

WB-40

WB-50

P

SU

WB-40

WB-50

50
75
100

13
13
13

18
17
16

23
19
18

26
22
21

20
19
19

26
27
25

36
31
29

44
36
34

26
25
25

35
33
31.

42
37
35

50
42
40

150
200
300

12
12
12

16
16
15

17
16
16

19
17
17

18
18
18

24
23
22

27
25
24

29
27
25

24
24
24

30
29
28

33
31
30

35
33
31

400
500
Tangent

12
12
12

15
15
15

16
15
15

16
16
15

17
17
17

22
22
21

23
23
21

24
24
21

23
23
23

28
28
27

29
29
27

30
30
27

NOTE:

Pavement Width (ft)for Design Vehicle:

P = passenger vehicles; SU = single-unit trucks; WB-40

R
Radius
(tt)

Degree
of
Curve

semitrailer combinations; WB-50

-

e
Rang. In Supereievation Rate
for intersection Curves with Design Speed (mph) of
15

20

26

30

36

40

--

---

50
90
150

63.6
38.2

.02-.10
.02-.07
.02-06

.02-.10
.02-08

-

.04-10

--

230
310
430

24.8
18.5
13.3

.02-04
.02-03
.02-.03

.02-.06
.02-04
.02-.03

.03-.08
.03-.06
.03-05

.06-.10
.05-.09
.04-07

.08-.10
.06-.09

.09-.10

600
1,000
1.500

9.6
5.7
3.8

.02
.02
.02

.02-03
.02-03
.02

.02-04
.02-03
.02

.03-.05
.03-.04
.02-03

.05-.07
.04-.05
.03-04

.07-09
.05-06
.04-05

2,000
3,000

2.9
1.9

.02
.02

.02
.02

.02
.02

.02
.02

.02-03
.02

.03-04
.02-03

NOTE:

-

=

Preferably use superelevation rate in upper half or third of indicated range. In
areas where snow or ice is frequent, use maximum rate of 0.06 or 0.08.

Figure 4-29. Design controls for turning roadways. (Source: Ref. 4-10)
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semitrailer combinations.
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Traffic islands separate movements
and define vehicle paths.

Islands also protect turning or
queued traffic.

wrr

Note the offset of the center island
Islands can be used to prohibit
unsafe or undesirable nvements.

Traffic islands physically separate
opposing traffic flows.

Figure 4-30. Illustrative functions of traffic islands.
RURAL AREAS
Unsignahzed Intcrsectons
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Iii
Raised Channeliaation
for Left Turns

After

A_
Painted Channelization
for Left Turns

Rased Channelizatior,
for Left Turns

Figure 4-31. Safety effectiveness of painted and raised channelization. (Source: Ref. 4-14)

Painted Chanrielization
for Left Turns

75 - Current practice among traffic and design engineers is generally consistent with the safety effectiveness research. Table
4-10 summarizes the opinions of engineers on their preferences
regarding the use of different types of traffic islands.
There is clearly a preference for raised channelization where
positive delineation or protection is desirable, and where the
risk of high speed impacts with curbs is minimal. Conversely,
at high speed, lower volume intersections, typical of rural locations, painted or flush traffic islands are generally
preferred.
Guidelines for Selection of Island Type

Selection of an appropriate type of traffic island should be
based on traffic characteristics, cost considerations, and maintenance needs. Painted (thermoplastic) or flush channelization
is appropriate:
On high-speed rural highways to delineate separate turning
lanes.
2. In constrained locations where vehicle path definition is
desired, but space for larger, raised islands is not available.
Flush channelization is not effective in prohibiting or preventing
traffic movements, nor is it appropriate for islands intended to
serve as locations of pedestrian refuge.
Flush traffic islands may also be used:
To separate opposing traffic streams on low speed streets.
In lieu of raised channelization in regions of frequent snowfall requiring removal.
As temporary channelization either during construction
or to test traffic operations prior to installation of raised islands.

Table 4-10. Summary of comments regarding the use of traffic islands
(from survey of engineers and designers).
CHANNELIZATION FUNCTION
SPECIFIED AS REQUIRING
PAINTED CHANNELIZATION'

-

TYPICAL OPERATING
CONDITIONS'

For right turns (4)

• High speeds (7)

To provide temporary or trail
channelization (3)

• Rural highway (5)

To shadlow left turns (1)

• Minor urban intersections
(2)

CHANNELIZATION FUNCTION
SPECIFIED AS REQUIRING
RAISED CHANNELIZATION

Post signs or signals (13)

TYPICAL OPERATING
CONDITIONS

Urban streets (4)

Provide pedestrian refuge (7)

• Low speeds (4)

Prevent or enforce wrongway
movements (7)

• High volumes (3)

Provide local access control (5)

• Major arterials (2)

Provide positive separation of
movements (5)
Provide positive delineation (3)
'Number in parentheses represents number of survey responses.

Raised traffic islands (i.e., those designed with mountable or
semimountable curbs) are necessary:

Design speeds of intersecting highways and turning roadways.
Cross section of intersecting highways.
Type of island to be used.
Approximate size of island to be used.

Where the primary function of the island is to shield
pedestrians from vehicular traffic.
Where a primary or secondary island function is the
locating of traffic signals, signs, or other fixed objects.
Where the island is intended to prohibit or prevent traffic
movements.

Above all, the island's design should ensure fulfillment of its
design objectives. Islands intended to define or delineate turning
roadways should not be placed in a manner that inhibits vehicular movement. Islands to be used as pedestrian refuge should
not be too small. Adherence to the following principles of design
will maximize the quality and efficiency of the intersection:

Raised islands may also be appropriate under other circumstances:

The proper traffic lanes or turning roadways should appear
natural and convenient to their intended users.
The number of islands should be held to a practical minimum to avoid confusion.
Islands should be large enough to be effective. Small islands
do not function as channelizing devices and tend to present
maintenance problems.
Islands should not be introduced at locations with restricted sight distance or in the middle of sharp horizontal
curves.

On low to moderate speed highways where the primary
function is to separate high volume opposing traffic flows.
At locations requiring more positive delineation of vehicle
paths, such as at major route turns or intersections with unusual
geometry.
Actual design of islands is described in the following sections.

Guidelines for Design of Traffic Islands

Good design of traffic islands takes into account a number
of factors:

Consideration of appropriate traffic control is important in
design of corner traffic islands. In such instances, creation of a
separate turning roadway requires a separate traffic control device (sToP or YIELD sign, or traffic signal head) or operation
as a free right turn.
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Recommended design values for traffic islands are summarized in Figure 4-32. Values for traffic island size, nose and
merging end dimensions, and island offsets are consistent with
current design practice nationwide. Figure 4-33 illustrates the
application of design principles for corner islands.

Guidelines For Design of Median Islands

Design of median islands generally reflects site-specific geometries such as angle of intersection and cross section. The
following guidelines address good design of median approach
islands.
Approach noses should be offset 2 to 6 ft from the through
(approach) lanes to minimize accidental impacts. Pavement
markings in advance of the nose can be used to transition from
the centerline to the edge of island.
The shape of the island should be based on design turning
paths and the island function. Curviliner tapers comprised of
parabolic or circular curves generally suffice.
The length of the island should be related to the approach
speed. Some agencies recommend a length based on 3-sec driving
time to the intersection. Of course, the island length will he
affected by available widths, taper designs, and local constraints.
The width of the island should adequately serve its intended functions. These may vary from access control or separation of conflict to pedestrian refuge, to shielding of left-turn
lanes.
Median islands should begin on tangent alinement, and on
upgrades or well past crest vertical curves. In some cases it is
appropriate to extend a median island to avoid its introduction
on a horizontal curve or within an area of limiting sight distance.
Figures 4-34 and 4-35 illustrate median island design guidelines
and criteria.
Design of medians must reflect their intended functions. Table
4-11 discusses median functions and appropriate widths.

This island is large enough to effectively
function as a channelizing island for right
turns, a location for pedestrians (note the
handicapped ramps) and a location for the
traffic signal.
Reconiaended Island Sizes

Location of
Intersection

Minimum

Urban

50*

Rural and
High Speed
Urban/Suburban

75

Size (Sq. Ft.)
Desirable Mm.
75

100

Figure 4-32. Guidelines for location and design of traffic islands.
Table 4-11. Basic median functiona and their required width.
WIDTH IN FEET
FUNCTION

Separation of opposing traffic
Provision for pedestrian refuge
Provision for storage of left-turning vehicles
Provision for protection of vehicles crossing through lanes
Provision for U-turns, inside to
outside lanes
Provision for U-turns, inside to
inside lanes
SOURCE: Ref. 4-15

MINIMUM

DESIRABLE

4
6

10
14

16

20

25

30

16

20

26

30
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o

Approach Ends
R1

o
------ Direction of Traffic

Recommended Offset Dimensions For
Location of Traffic Islands
Offset in Feet (See Figure Above
Oa
21 -6'

q
1-3

2 1 3'

2 1 -6'

2'-3'

0-1'

Note: Offset values at the high end of the range are
appropriate for high speed roadways and large islands.
For roadways with shoulders the island should be
offset from the outside edge of shoulder.

Recommended End Radius Dimensions
For Design of Traffic Islands
Radii in Feet (See Figure Above

2-3'

2-5'

1 1 -2'

Note: Offset values at the high end of the range are
appropriate for high speed roadways and large islands.

Figure 4-32. Continued
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ACCESS CONTROL AND DESIGN OF DRIVEWAYS

A full offset and blunt approach end radius are
appropriate for traffic islands at high-speed
riqht turn lanes.
S

Good offsets on this approach end promote cafe
operation of the high speed turning road.p.

Traffic movements associated with land uses adjacent to intersections can significantly affect their operations. Congestion,
delay, and accidents caused by vehicles accessing commercial
properties are major problems in most urban areas. Consideration of access requirements and their effects is therefore necessary in design of most urban and suburban intersections.
The problem is basically in assessing and handling trade-offs
between the need to provide access to businesses and tesideiices
and the need to maintain at least a minimally acceptable level
of service during peak periods. This problem is greatest along
fringe urban and suburban arterials with rapidly developing land
uses. Corridor demands for relatively high speeds and capacity
directly conflict with demands for frequent access.
Access design and control is addressed here in two specific
areas: (1) channelization techniques to restrict or control access,
thereby mitigating its adverse effects; and (2) appropriate design
of driveway access. in both areas, the following considerations
affect the application and design standards and guidelines: land
use, traffic volumes, turning traffic, cross section, and prevailing
speeds.
Many authors have studied the safety impacts of both isolated
and frequent driveways on corridors and intersections. Accident
problems include rear-end and merging conflicts associated with
right turns, and left-turn angle accidents. Figure 4-36 illustrates
the potential magnitude of the driveway accident problem, as
well as the types of accidents that occur.

Guidelines For Control of Access

There are a number of techniques available for accommodating frequent and/or high-volume access needs along corridors. The material in Table 4-12 summarizes various access
control techniques and their warranting operational conditions.
ibis material is taken from Ref. 4-19.

Guidelines For Design of Driveways

careful placement of both corner islande

Figure 4-33. Example corner island designs.

Driveways should be varied as intersections in terms of the
proper approach to design. The designer should be concerned
with vehicle characteristics, such as turning radii and offtracking, and acceleration and deceleration.
Driveway operations can be characterized in the following
manner:
In the absence of a separate left-turn lane, the left-turn
entry movement generally produces the greatest hazard and
congestion.
The left-turn exit movement is the most sensitive to spacing
of the driveway relative to the nearest point of street traffic
control (especially a signal). Such movements are also relatively
hazardous.
The right-turn entry into a driveway is the second most
sensitive movement in respect to spacing from the location of
street traffic control. Such movements also impede through
traffic.
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The geometric elements of median
islands should reflect natural paths
of vehicles.

Design
of all
median elements
(tapers, noses, edges) should conaider the natural paths of design
vehicles.
The combined effect
channelization and edges of pavement
should be to smoothly guide the
driver.

Tapers that are too short appear
"stiff" and unnatural, and are not
consistent with vehicle paths.

--

N

Approach noses to median islands should he offset; from the t;rafjic lanes.
Figure 4-34. Guidelines for design of median islands.
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NOTE:
I. WIDTH OF ISLAND CONTROLLED BY NOSE PLACEMENT
AS DETERMINED BY CONTROL RADII AND ANGLE OF
INTERSECTION OR ADDED LEFT TURN LANE.

VERTICAL AND HORIZONTAL ALIGNMENT ON APPROACH
TO PROVIDE MINIMUM STOPPING SIGHT DISTANCE.

CONTROL DIMENSION, W, SHOULD BE FROM EDGE
TO EDGE OF PAVEMENT AND SHOULD NOT
INCLUDE GUTTER
1 /3 SEC,
L-TRAVEL
TIME

LOREYOND DE Sffl ABLE

MOUNTABLE TY FE
MEDIAN
1'R

SEC TRAVEL TIME (MIN)

2'R

- 2' STUB
OFFSET
FROM

-

BARRIER TYPE
MEDIAN

(2' MIN.)
W1 = UNDIVIDED APPROACH WIDTH
DIVIDED APPROACH WIDTH

W2
W3 =

OR 14' WHICHEVER IS LARGER

- --------- DESIRABLE
2
W5

W2 + 1'

Figure 4-35. Design criteria for raised median approaches to intersections. (Source: Illinois Department of Transportation)
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Figure 4-36. Driveway accident characteristics. (Source: Refs. 4-17 and 4-18, top figures; Ref. 4-16, bottom figure)
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Table 4-12. Guidelines for application of access control techniques.
ACCESS CONTROL TECHNIQUE

HIGHWAY
TYPE

SPEED
(MPH)

AVERAGE DAILY
TRAFFIC

NUMBER OF
DRIVEWAYS PER MILE

Raised median to prohibit left
turns

Multilane
arterials

40+

10,000 vpd; peakhour left turns
150+/mile

30 to 60

Raised channelization to limit
access to right-in and right-out

Multilane
divided
highways

30 to 45

5,000 vpd; prohibited turns less than
100 vpd per mile

30+

Raised median with left-turn
lanes

Multilane
highways

30 to 45

10,000 vpd; peakhour left turns
150+/mile

30+

Improved median opening geometry (tapers)
--

Multilane
divided
highways
(4-ft medians
as minimum)

30+

5,000 vpd

15 +

Alternating left-turn lanes

All types
with available
width

35 +

10,000 vpd; peakhour left-turn demand at least 15%
of through traffic -

45+;
1000 ft +
between
major intersections

Conversion of two-way driveway
to two one-way driveways

All types

35 +

10,000 vpd; peakhour left turn of 40
vph

1 to 60

Conversion of two-way driveway
to two two-way driveways with
restricted access movements

Divided
highways

35 +

10,000 vpd; peakhour left turns of 40
vph

1 to 60

Construction of local service
road with limited, controlled access points

Primary
divided
arterials

40 to 55

20,000 vph

60+

Physical barrier to prevent uncontrolled access to driveway

All types

All

10,000 vph;
driveway volume
500 vpd

45+
Isolated
locations

Widen narrow right lanes to assist right turns

Urban
arterials

30+

5,000 vpd; right
turn driveway volume of 100+ vph
per mile in peak
hour

20+

Installation of right turn deceleration lane

All

35+

10,000 vpd; driveway volume 1,000
vpd; right turn volume of 40 vph in
peak hour

Isolated
locations

Continuous right-turn lanes

All

30+

15,000 vpd; right
turn volume per
mile at least 20% of
total

60+

Installation of right turn acceleration lane

All

35 +

10,000 vpd; right
turn egress of 75
vph in peak hour

Isolated
locations

SOURCE: Adapted from Ref. 4-19

-
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Driveways Along Major Arterials or Collectors
Driveways along major arterials and collector routes should
be designed for curb lane access and with minimal encroachment
on travel lanes disregarding present parking practices. In order
to preclude encroachment on travel lanes, radii for right turn
entry and exit should be consistent with the design vehicle's
swept path requirements. If the radius is inadequate, encroachment will occur unless the entering or leaving vehicle temporarily occupies a substantial width of the driveway throat. Figure
4-37 illustrates design for a high volume driveway off, a major
arterial.

Consideration of Pedestrians
In most areas, pedestrian/vehicle conflicts in driveways are
infrequent. However, where pedestrian safety is a concern (such
as near schools or high pedestrian-generating land uses) it may
be appropriate to design driveways with small radii and restricted widths. This not only reduces pedestrian time of exposure to accidents, but also decreases vehicle speeds.

Verify the adequacy of all turning movements with the
design vehicle(s). Particular attention should be paid to sharp
angle turns, double turning lanes, and opposing left-turn movements. Where the design vehicle is a single-unit truck or bus,
the designer should also evaluate the operation of a larger vehicle
(such as a WB-50). Encroachments on opposing lanes or shoulders may be acceptable for infrequent, large vehicles. Possible
conflicts with traffic signals, utility poles or other fixed objects,
however, should not be tolerated.
Check and adjust the location and design of island tapers
and offsets. All channelization elements should work in unison
to provide guidance to the driver. This is accomplished by
"funneling" traffic with the use of variable island offsets and
coordinated taper geometry.
Check the designed location of all signs, signals and traffic
control devices. Their appearance to approaching traffic should
be clear and unconfusing. Adherence to MUTCD guidelines is
critical. This step is particularly important for intersections with
unusual geometry.
Check the locations of all crosswalks and islands used as
pedestrian refuge. Walking distances across traffic lanes should
be minimized, and paths should be clear of obstacles such as
signs, light poles, etc.

Driveways in Rural Areas
Driveways off higher speed rural highways should be designed
to a higher level than urban driveways. The primary objective
is to quickly remove slower, entering vehicles from through
traffic streams.
Figures 4-38, 4-39, and 4-40 summarize design guidelines for
driveways in rural and urban areas.

FINALIZING THE DESIGN

An often overlooked, but nonetheless important aspect of
design, is the overall appearance of the intersection. Alinement
that is smooth and flowing not only is aestheticlly pleasing,
but also is consistent with the basic principles of channelization.
It is always desirable to produce a design that closely fits natural
vehicle paths. Thus, smooth tapers and transitions, corner radius
designs, and island designs are essential to good design.
The production of smooth alinement requires the designer to
go beyond merely assembling designs in their proper order and
form. It is this aspect of channelization that is an art. Designers
and traffic engineers can produce intersections that are pleasing
in appearance, if they always attempt to meet these objectives:
Maintain alinement that is smooth and continuous. Avoid
abrupt transitions.
Design each element to closely fit the natural paths and
operating characteristics of drivers and vehicles.
Maintain as level grades as practicable. This will assist in
development of smooth pavement edge profiles.
Consider the overall appearance of the intersection, both
in plan view and from the perspective of the driver.
In the process of reviewing and finalizing the intersection geometry, the designer should complete a final engineering check.
The following steps are suggested:
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Both curb radius design and width
promote easy turns off the arterial.

The double driveway is particularly
applicable to high traffic generators
such as restaurants.

-

Note the offset of the center island The driveway also accommodates pedesfrom through traffic lanes.
trian movements along the sidewalk.
Figure 4-3 Z Example design of driveway off high-speed arterial.
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CHAPTER FIVE

APPLICATION OF PRINCIPLES AND GUIDELINES TO DESIGN OF
CHANNELIZED INTERSECTIONS

This chapter of the Guide provides examples of intersections
recently designed and/or constructed. The examples were selected from over 130 plans submitted by more than 40 design
agencies throughout the country.
An effort was made to visit as many of the intersections as
possible. About two-thirds of the total were visited, with field
inspection and evaluation bf each intersection's operations performed.
The actual selection of which intersections to depict was based
on a number of considerations, including the need for:
Geographical diversity.
Full range of environmental and operating conditions.
Quality of the design.
Consistency of application of design standards.
Above all, the following design examples were chosen because
they illustrate reasonable, cost effective solutions to typical design problems. As will be seen in reviewing them, the application
of the basic channelization principles is clear.
The example intersections (discussion, data, and photographs)
are presented on the following pages, and fold-out plans are
included in the back of the Guide. The reader is encouraged to
review the plans while reading the discussion and data.
Each intersection is shown with traffic data and accident
summaries for a period prior to the improvement or reconstruc-

tion. A discussion of the channelization principles applied and
a brief description of the solution are also presented. For many
of the intersections, photographs of either before or after the
intersection was built are shown. These are labeled (a) to (f),
and the location of the photograph is indicated on the plan.
All supporting data, including traffic volumes, accident histories, construction costs, and the plans themselves, were provided by the agency noted.
The examples are grouped according to the following classifications:

Typical Intersections (Nos. 1 through 5)
Special Geometric Problems (Nos. 6 through 12)
Special Operational Problems (Nos. 13 through 23)
Left Turn Design Treatments (Nos. 24 through 33)
Special Case Studies in Rehabilitation and Reconstruction
(Nos. 34 through 37)

As can be seen from Table 5-1, Intersections 1 through 33
represent a wide range of intersection types. Intersections 34
through 37 represent special case studies in rehabilitation or
reconstruction of intersections. Each case study illustrates application of channelization principles to solve an existing operational or safety problem.
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Table 5-1
INTERSECTION
NUMBER

2
3
4
5

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

INTERSECTION TYPE
AND LOCATION

SUBMITTING
AGENCY

Typical Rural T-type
Typical Rural 4-leg
Typical Rural (Divided Highway)
Typical Urban 4-leg
Typical Interstate Ramp Intersection
Intersection on Horizontal Curve
Rural Skewed Intersection
Rural Skewed Intersection
Urban Multileg/Skewed Intersection
Urban Multileg Intersection
Urban Offset Intersection
Urban Intersection With Route Turn
Urban Capacity Problem
Suburban Capacity Problem
Urban Access Control Problem
Suburban Access Control Problem
Rural Design For Large Vehicles
Rural Design For Large Vehicles
Urban Design For Large Vehicles
Urban Design For Large Vehicles
Suburban Bicycle Lanes
Suburban High Volume Turns
Urban Right Turn Problem
Rural Left Turn (Low Volume)
Suburban Left Turn
Rural Left Turn (Two-lane Highway)
Rural Left Turn (Divided Highway)
Rural Left Turn (Divided Highway)
Suburban Special Left Turn (Jug Handle)
Suburban Special Left Turn (Crossover)
Continuous Two-way Left Turn Lane
Continuous Two-way Left Turn Lane
Continuous Two-way Left Turn Lane
Urban Case Study in Rehabilitation
Rural Case Study in Rehabilitation
Urban Case Study in Rehabilitation
Urban Case Study in Rehabilitation

Iowa DOT
Kansas DOT
North Carolina DOT
New York DOT
Louisiana DOT
California DOT
New Hampshire DOT
North Carolina DOT
Washington D.C. DPW
New Hampshire DOT
Tennessee DOT
Minnesota DOT
Montana DSH
Georgia DOT
New Hampshire DOT
Kansas DOT
Arkansas DOT
Illinois DOT
Illinois DOT
Montana DOT
Ohio DOT
Lake County, Ill. H.D.
California DOT
Lake County, Ill. H.D.
Illinois DOT
Montana DSH
Kent County, Mich, H.D.
Illinois DOT
New York DOT
Michigan DOT
North Carolina DOT
New York DOT
New York DOT
Georgia DOT
North Carolina DOT
California DOT
New Hampshire DOT
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INTERSECTION NO. 1
U.S. Route 65 and State Route 175
Hard in County, Iowa
(Submitted by Iowa Department of Transportation)
Typical Rural 1-type Intersection
Prevailing Speeds on Approach Roadways -- 50mph

TRAFFIC DATA

A
I

AC IDENT DATA
(5 Years -- 1974-1978)

1977 AVERAGE
DAILY TRAFFIC

II

1740

Total Accidents
Fatal Accidents
Injury Accidents
Property Damage Only

4
0
I
3

Accidents By Type
<==.
1500

Rear-end
2
Single Vehicle 2

PRE- IOVENENT OPERAT IONAL CHARACTER 1ST I CS
The intersection was originally constructed as a high-speed Y-connection for the U.S. Route 65
north to west movement. Realinement of Route 65 necessitated construction of a new intersection.
DESIGN PRINCIPLES APPLIED TO ACHIEVE OPERATIONAL AND SAFETY OBJECTIVES
The primary objective In developing a new design was to produce an intersection consistent with
the character and volume of each highway. Simplicity in design and adherence to principles of
driver expectancy were important considerations. This included easing the task of drivers queued
on the stopped approach by replacing the unusual Y-type design with a more conventional 1-type
crossing. The design reflects the following principles:
Removal of decelerating, stopped or slow vehicles from through lanes
(Left turns from west to north)
Crossing conflicts at right angles
(Use of right angle 1-type intersection)
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StXT Of- DESIGN SOLIff ION
ExIsting Y-type Intersection was obliterated.
New 1-type intersection with southbound stop
control and right turn channelizatlon was constructed.
(5)

A safety ramp south of State Route 175 was

constructed because of the downgrade on the southbound
approach of U.S. Route 165

p

-.,.
-

-.

Drivers approaching from t he

b. The channelization enables large

c. Painted channel Ization provides

north have a clear view of t he

truck turns, separate storage of

intersection and traffic control.

one queued left turning vehicle,

separation of opposina flows,
protection for the west to north

a.

and placement of stop signs within

left turn lane, and visual notice

the driver's cone of vision.

of the intersection.

d) and e) The long taper develops a left turn lane for west to
north movements.

f) Rumble Strips and advance siqnadd
to cues
to drivers

mg

approaching from the north.

Photographs courtesy of Iowa Department of Transportation
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INTERSECTION NO. 2
U.S. Route 24 and U.S. 81
Cloud County, Kansas
(Submitted by Kansas Department of Transportation)
Typical Rural 4-leg Intersection
Prevailing Speeds on Approach Roadways -- 55 mph

ACCIDENT DATA
(1/1/72 - 10/25/81)

TRAFFIC DATA
1980 AVERAGE
DAILY TRAFFIC

04

6
1

Total Accidents

Fatal Accidents
0
Injury Accidents
Property Damage Only 5

4861
>

Accidents By Type
Rear-end
Angle
Head-on
Sideswipe

2
2
1
1

PRE- IMPROVEMENT OPERAT I ONAL CHARACTER 1ST I CS
Both U.S. Route 81 and U.S. Route 24 are primary arterials in a rural area. Their right angle
intersection previously operated under 4-way stop control, with both highways widened to two
approach lanes with a 4-foot raised median.
Operational studies of the intersection were performed as part of a planned upgrading of U.S.
81. It was found that U.S. 81 carries about 3.5 tImes the traffic that U.S. 24 does. Observations of vehicles on U.S. 81 showed a propensity to Itrollu the stop sign when no conflicting
Indications were that both the intersection's appearance and type of
traffic was present.
traffic control were inappropriate, given the great imbalance in traffic volumes on the two
highways.
DESIGN PRINCIPLES APPLIED TO ACHIEVE OPERATIONAL AND SAFETY OBJECTIVES
The objective In re-designing the intersection was to provide an overall, "balanced" design,
i.e., one that reflects traffic patterns. Priority was given to U.S. Route 81 by converting the
intersection to 2-way stop control, with U.S. Route 24 traffic stopped In favor of Route 81.
Achieving this objective required careful considerion of principles of driver expectancy.

It

also required understanding of the relationship between traffic control and intersection
geometrics. The following principles of channelization are evident:
Facilitation of high priority movements

(U.S. Route 81 traffic)

Removal of decelerating and stopped vehicles from higher speed traffic
(Left turns from U.S. Route 81)
0

Facilitation of traffic control schemes

(Approach geometrics on both highways)
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SLARY OF DESIGN SOLUTION
(I) The traffic control was converted from a 4-way stop
to a 2-way stop, with US Route 81 traffic uncontrolled
(i.e., designated as through).
U.S. Route 24 approaches were reduced to single
lane in each direction.
U.S. Route 81 approaches were channelized, with
left turn lanes provided to shield decelerating left
turns from through traffic.
Large rôiJius (75-foot) returns were provided in all
quadrants.
RaIsed median channel ization was removed from both
highways.

ift

g

-

---.-

__
(a) The approach taper for the left
turn lane and excel lent sight I ines
provide clear notice of the
Intersection to through drivers on
U.S. 81.

(b) and (c) The desicin of the left turn lane reQuires turning vehicles
to make a positive maneuver into the lane. Pavement arrows confirm the
lane deslonation.

1.
J •
L 1

0

0••'

(d)
Excel lent sight distance is (e) The approaches on U.S. 24 were (f)
Note the 75-foot radius return
available in all quadrants of te reduced to one lane, with the former and sight distance from the stopped
intersection.
All signs were reloc- right lane striped out.
This 1) approach on U.S. 24.
ated inside a 1500-foot sight line on provides visual notice of the interthe approaches to U.S. Route 24.
section; and 2) gives a distinctly
different appearance to the stopped
approach (as in the above photos).
This intersection illust-ates the importance of reviewing accident and operational data after implementing an
improvement. The change in traffic control was not suffIciently noted by all drivers, resulting in potentially
hazardous operations.
In the spring of 1983. additional traffic control devices (additional stop signs,
12-inch flashing red beacons, and yellow warning beacons on approaches to U.S. 81) were placed to heighten
driver awareness.
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INTERSECTION NO. 3
U.S. Route 74 and Secondary Road 1001
Columbus County, North Carolina
(Submitted by North Carolina Department
of Transportation)
Typical Rural 4-leg Intersection on Divided Highway
Prevailing Speeds on Approach Roads -- 55 mph

ACCIDENT DATA

TRAFFIC DATA

A

j1
(p'

<-

<==
6000

1980 ESTIMATED
AVERAGE
DAILY TRAFFIC

' '•.—>
°O

5300

Not Applicable -U.S. Route 74 is
being constructed
on new alinement

==

<__\

'600s),

A
V
PRE- I#OVEMENT OPERAT IONAL CHARACTER I STI Cs
The Intersection is included in a major project to construct a 4-lane divided U.S. 74 highway on
new location. The intersection will operate under stop control for Secondary Road 1001.

DESIGN PRINCIPLES APPLIED TO ACHIEVE OPERATIONAL AND SAFETY OBJECTIVES
Intersections such as this one should provide for safe execution of all turning maneuvers, with
minimal impact on the high-speed, major facility. The wide median and its effect on intersection
operations is an Important consideration, The following design principles apply:
RovaI of decelerating, stopped or slow veMcles from higher-speed traffic
(Left turns from U.S. Route 74, and right turns from U.S. Route 74)
SeparatIon of points of conflict
(opposing movements on Secondary Road 1001)

95

SIJ44ARY OF DESIGN SOLUTION
Left turn lanes and long tapers are provided for
turns from U.S. Route 74 regardless of traffic volume.
This design provides about 350 feet for deceleration and
braking.
DeceleratIon tapers are also provided for rIght
turning vehicles to enable deceleration outside the
through lanes.
Raised median channelization is used on the minor
approaches to separate opposing flows. This also provides a strong vIsual cue of the intersection to drivers
aoproachino on the minor lees.
Three-centered curves are deslned in all four
auadrants to closely match the turning radius of a WB-50
vph ci e
Right turn channelization is provided for the minor
approach with significant expected future traffic. This
will allow the right turn to operate independently of
Queued through and left-turning vehicles.

This intersection is in the final
design stages. The following photos
are of an existing, similar intersection in North Carolina.
The design
concept is typical of state policy for
intersections on high-speed, divided
highways with moderate crossino
volumes.

(a) Raised median channelization on
the minor approach separates opposing
movements and provides a visual cue of
the intersection.

(b) The median island is used to post
stop signs.

Turning lanes not only provide for
safe deceleration, but also provide
aoproaching drivers with advance
rotjce of the intersection. This is
illustrated in the photo at the top of
he page.

(c) and (d) Raised median channelization is effective in guiding vehicles
across the intersection.

96
INTERSECTION NO. 4
U.S. Route 1 and State Route 125/Homrnocks Road
Mamaroneck, New York
(Submitted by New York Department of Transportation)
Typical Urban 4-leg Intersection
Prevailing Speeds on Approach Roads -- 45 mph on U.S. Route 1
25-30 mph on State Route 125

ACCIDENT EXPERIENCE
(4.5 Years--1975 - 1979)

TRAFFIC DATA
1982 PEAK
HOUR TRAFFIC

ou

(115) 40
(615) 465

\._40(85)
----- 415)645)
45 (15)

J

—4.-

t(

(30)30

Fatal Accidents

0
10

Injury Accidents
Property Damage
Only Accidents

38

Total Accidents

48

Accidents By Type
Rear-end

Ogg

co AM
()PM

Turning (Left)
Sideswipe
Right Angle
Other

18
13
10
3
4

PRE— IP4ROVEMENT OPERATI ONAL CHARACTER I ST I CS
U.S. Route 1 Is a high speed (45 mph) principal arterial carrying through traffic, including many
large trucks. The west leg of the intersection is State Route 125, which is also a principal
arterial. The east leg, Homrnocks Road, serves a residential community. A school is about one
block to the west of the intersection.
This signalized intersection was a local concern for years because of its accident history and
close proximity to the school. Route 1 lacked left turn lanes, resulting in rear-end and left
,- turn Involved accidents. Route 125 had a restricted width which produced poor level of service
during peak periods. There was no provision for pedestrian crossings of Route 1.
DESIGN PRINCIPLES APPLIED TO ACHIEVE OPERATIONAL AND SAFETY OBJECTIVES
The primary safety objectives were to reduce the potential for serious pedestrian involved
Operational
accidents, and to reduce the frequency of left turn and rear end accidents.
objectives were primari ly to increase the level of service of the intersection during peak
hours. The following principles were applied:
FacilItation of traffic control
(Pedestrian crossings and left turn phasing)
Reuovai of decelerating and stopped vehicles from through lanes
(Left turns from Route 1)
Controlling speeds
(Increasing speeds of right turning vehicles from Route 1)
DESIGN CONSTRAINTS
Adjacent land use necessitated a channelization solution within the existing width on U.S.
Route 1.
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SCJI4ARY OF DESIGN SOlUTION
PedestrIan signal s were I nsta I led for all crosswalks. Amber times were also increased for all
approaches.

*
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Left turn lanes were provided on both approaches of
U.S. Route 1.

Ell

—

State Route 125 was widoneci to provide a left turn
lane and 14-foot through lanes in each direction.
Corner radii were increased to facilitate right
turninq vhirlps.
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•;•_
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a

-

•--

--

-t
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(a) and (b) Painted left turn lanes (10 feet in width) are provided withThese lanes not only
in the existing cross section of U.S. Route 1.
remove turning vehicles from the higher speed through lanes, they also
enable the introduction of a range of signal phasing schemes.

(c) Pedestrian actuated crossing
sionals were provided for all
crosswalks. Of particular importance is the crossing of wide,
high-speed U.S. Route IF.
Also note the handicapped ramps
provided along the new curb return.

(d) State Route 125 is widened to
provide a left turn lane and 14foot departure lane width.
The
increased corner radius also
results in additional throat width
available for vehicles turning left
from northbound U.S. Route 1.

(e)
Right turn operations from
southbound U.S. Route 1 to State
Route
125
were
significantly
improved by increasing the corner
radius to 40 feet.

(f) Channelization design improvements to State Route 125 provide
the flexibility to handle momentary
peak traffic loads as well as other
operational requirements. Queuing
in both lanes occurs during an
extended all red phase Initiated by
a pedestrian crossing U.S. Route
1.
This queue dissipated In the
next green phase.
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INTERSECTION NO. 5
U.S. Routes 71, 165 and 167 and
Freeway Ramp from Eastbound Interstate 49
Alexandria, Louisiana
Urban Area
Prevailing Speeds on Approach Roadways -- 40-50 mph

ACCIDENT EXPERIENCE

TRAFFIC DATA

Not Applicable -- The intersection is planned and
designed as part of a new freeway.

PRE- IP1ROVEMENT OPERAT I ONAL CHARACTER 1ST I CS

Not Applicable

DESIGN PRINCIPLES APPLIED TO ACHIEVE OPERATIONAL AND SAFETY OBJECTIVES
The Intersection of a freeway ramp and divided arterial intersection is part of a new freeway
The interchange configuration, a PARCLO-A, is typical of hIgh-type urban service
system.
interchanges. Its basic operation, which produces single exit operation, no weaving, and 2-phase
signalization, is designed to safely accommodate high turning volumes both on and off the
freeway.
In designing the new at-grade intersection, a number, of basic channelization principles are
applied:
Prohibition of Wrong-way Movnents
turns into the ramp)

(Potential wrong-way left

Definition of Vehicle Paths
(Ramp turning movements)
Facilitation of Traffic Control Schemes
(Operation of 2-phase signalization)
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INTERSECTION NO. 6
State Route 191 and West Watmaugh Road
Sonoma County, California
(Submitted by California Department of
Transportation)
Rural Intersection on Horizontal Curve
Prevailing Speeds on Approach Roadways -- 40-45 mph

JJ

TRAFFIC DATA

A

1982 AVERAGE
DAILY TRAFFIC

ACCIDENT EXPERIENCE
(1980-1982)

ill

V

<-,
6100 >

Total Accidents --

14

Property Damage
Injury Accidents
Fatal Accidents

8
6
0

Accidents By Type
Single Vehicle
Multiple Vehicle

3
11

PRE- IM1OVENENT OPERAT I ONPtL CHARACTER 1ST I Cs
West Watmaugh Road is a minor county highway that intersects with State Route 116, a major rural
arterial connecting Sonoma to the east and Petaluma to the west. Each facility Is 2 lanes (one
each direction). No separate turning lanes exist.
The actual intersection is a Wye-type connection, with West Watmaugh Road on a 125-foot radius
curve. Traffic on West Watmaugh Road is stop controlled.
The combination of approach geometry, intersection configuration and restricted cross section
create a hazardous intersection, despite the relatively low traffic volumes. The horizontal
curve creates poor sight angles for vehicles stopped on West Watmaugh Road, looking to the east.
It also impedes left turns for these vehicles onto eastbound Route 116. Left turns off Route 116
are hazardous also. Available gaps are limited due to the rolling terrain, low relative speeds,
and traffic volumes. No protection for queued vehicles is provided.
The geometric and traffic conditions account for the large number of rear-end accidents at the
intersection. From 1980 to 1982, 8 of 14 accidents were of the rear-end type. A total of 16
injuries was recorded in these 3 years.
DESIGN PRINCIPLES APPLIED TO ACHIEVE OPERATIONAL AND SAFETY OBJECTIVES
The objective in re-designing this intersection is to improve the safety of turning maneuvers.
Both horizontal alinement and cross sectional changes, in addition to appropriate channel ization,
were considered. The following design principles apply:
Vehicle streams should cross at right angles (Alinement of the
intersection of West Watmaugh Road into State Route 116)
Removal of slow or stopped vehicles from through lanes
(Left turns from State Route 116)
FacilItation of high priority movements
(Through traffic on State Route 116 presently delayed
by left turning traffic onto West Watmaugh Road)

INTERSECTION NO. 7
State Route 101 and Portsmouth Avenue!
State Route 151
Greenland, New Hampshire
(Submitted by New Hampshire Department of
Public Works and Highways)
Rural Intersection on Skew
Prevailing Speeds on Approach Roadways-- 50mph on State Route 101
35 mph on Portsmouth Ave.
TRAFFIC DATA

A
oH

I

oil

I

II

I

VA

<

1979 AVERAGE
DAILY TRAFFIC

A

\..-.->

)A

I

CI
C,.
c'I

8190

III

<8600 >b0\!,I

10,100

>

>
-

ACCIDENT EXPERIENCE
(2 Years)
Total Accidents
Fatalities

12
1

/_
oIl

FRE-IMPROVEMENT OPERATIONAL CHARACTER I STICS
State Routes 101 and 151 form a 450 Intersection in a rural area just west of Portsmouth, New
Hampshire. Route 101, the major facility, is a high-speed two lane highway with through (priority) control. Route 151 is stop-controlled on both approaches. The rolling terrain and profiles
of both highways result in poor sight distance for drivers approaching on Route 151. The difficult sight lines created by the skew further aggravate operations on the minor approach.
Increased traffic volumes, combined with the poor geometrics, resulted in 12 accidents and 1
fatality in a recent 2-year period. The Intersection was thus a candidate for improvement.
DESIGN PR INC I PLES APPL I ED TO ACH I EVE OPERAT I ONAL AND SAFETY OBJECT I YES
Reduction in the frequency and severity of crossing conflicts and accidents was the primary
objective. This was achieved through revisions to intersection geometry and traffic control.
The selected design solution was also sensitive to future potential capacity and safety
problems. Treatment of the safety problem involved application of the following principle:
Separation of Conflicts
(Signalization enabled time separation of the troublesome
crossing conflicts)
The following principles are reflected in the design solution, which recognizes the potential
effects of traffic increases and the geometric requirements of signalized intersections.
Removal of decelerating or stopped vehicles from high-speed through traffic
(Left turns from State Route 101 and right turns from State Route 101)
Facilitation of traffic control schemes
(Left turn lanes and separate signals)
Facilitation of high priority movements
(Angie of Intersection and predominant turning movements)

S4J4ARY OF DESIGN SOLUTION
The intersection is signalized to eliminate skew
and sight distance-related crossing conflicts, and to
enable safe movements to and from the minor highway
(State Route 151).
Widen ing of all intersection approaches is provided
for capacity and safety. The widening enables development of separate left turn lanes on State Route 101,
separate riaht turn lanes on all legs, and median
channel ization to separate opposina traffic.
Riqht turn channelization is improved in all
quadrants to facilitate turning movements.
All channelization is developed to provide for
possible conversion to future raised channel izat ion.
Note that the original skew anle has not been altered.
Construction of a conventional 90 intersection was not
considered viable due to rioht-of-way and construction
costs.

Instead, sinalization is used to treat the

skew-related conflicts.

•1 W

I

I!,.
AW
The approach taper for the
(a)
left turn lane beoios in advance zf
the horizontal curve.

(b)
View of approach from the
west.
Note the fui ly shadowed
left turn lane and visibi I
0f
overhead traffic sionals.

-

(d) The cornor islands are offrt
a full lane width from the edge of
the throuah lro

(e) Lane arranpeiints on the minor
approaches reflert traffic volume
patterns
Opposino volies and
left turn volumes are low enough to
combine left and throuqh traffic in
a single lane,

(c) Right turn lanes are developed
for the acute angle turn despite
the low demand volumes. The anole
reciui'es a very low speed turn,
hence the need to separate right
turns from hiph speed through
traffic.

--

(f) Note the great crossing distance and
open
pavement
area
created by the skew anole•
The
installation of traffic signals
provides
a
means
of
reducinq
exposure
to
crossinci
conflicts
within this intersection.
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INTERSECTION NO. 8
U.S. Route 70 and State Route 12
Carteret County, North Carol ma
(Submitted by North Carol ma Department
of Transportation)
Rural Intersection on Skew
Prevailing Speeds on Approach Roadways -- 55 mph

TRAFFIC DATA
1920 AVERAGE
DAILY TRAFFIC

T
A

01%

ACCIDENT EXPERIENCE
(2 Years and 11 Months)
Total Accidents -- 3

j:

PRE- IPFROVEMENT OPERAT I ONAL CHARACTER 1ST I CS
The original intersection was of a Y-type (large angle skew) form.
traffic volumes, with most of the traffic oriented along U.S. Route 70.

Both highways carry low

The high-speed character, small angle of intersection, and orientation of traffic created a
potential ly hazardous Intersection. Drivers approaching on stop-control led State Route 12 had a
Violations of the stop control were thus
very mild "turn" onto westbound U.S. Route 70.
encouraged by the allnement. These same drivers experienced difficulty in seeing vehicles arriving from the left, due to the angle of intersection. Drivers traveling through on Route 70 were
encouraged to maintain high speeds by the appearance of the intersection. This combination of
factors created potentially severe (high-speed) conflicts Involving turning vehicles.

DESIGN PRINCIPLES APPLIED TO ACHIEVE OPERATIONAL AND SAFETY OBJECTIVES
In re-designing the intersection, the basic objective was to Improve the safety of the interAlso, reducing the
section by limiting the severity of crossing and turning conflicts.
complexity of the conflict area, thereby facilitating turning maneuvers, was a priority. The
following design principles were applied:

Controlling of speeds
(High speed U.S. Route 70 traffic)

Facilitation of traffic control schemes
(Establishment of clear right of way and stop condition for all approaches)

Definition of vehicular paths
(Turning movements between Route 70 and 12)

DESIGN CONSTRAINTS
The intersection was redesigned as part of a larger reconstruction project on U.S. Route 70.
Location of the intersection was influenced by the new alinement of the western approach.
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St4ARY OF DESIGN SOLUTION
The new alinement is a 1-type intersection of about
Continuity is given to the western leg of U.S.
Route 70 and State Route 12. The eastern leg of Route
70 is stop controlled. This design controls speeds of
traffic along Route 70, clearly defines traffic control,
and optimizes sight lines In both directions for stopped
traffic.
90°.

A median island (typical North Carol ma design) of
mountable nature is provided on the eastern leg of U.S.
70. It separates opposing flows, and is used to locate
the stop sign.
A right turn lane for "through" traffic on U.S.
Route 70 is provided.

icr

The overall character of the Intersection results in a
more conventional, understandable intersection for
drivers approaching from all legs. Through continuity
along U.S. Route 70 is not retained by this design.
However, with speeds of vehicles controlled, and ease of
turns Increased, the overall safety of the intersection
should be improved.

(a) The eastern approach of Route
70 is brought in at right angle and
stop-controlled. The median island
stores a stop sign and provides
separation from opposing turning
vehicles. Note the offset of the
median nose from the painted
center I me.

(b) and (c) The new alinement provides good sight angles to both legs for
drivers at the stop line.
Note the cleared roadsides which provide
sufficient corner sight distance.

(d) and (e) A right turn lane is provided for eastbound U.S. Route 70
vehicles. Note the smooth taper. Also note the full lane offset of the
median island nose,
The location of the old alinement can be visualized from the left photograph.

U) The mountable, reised median
island also serves as a visual cue
of the intersection, yet does not
represent an impact hazard to
errant vehicles.
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INTERSECTION NO. 9
Constitution Avenue, N.W., 4th Street, and
Pennsylvania Avenue, N.W.
Washington, D.C.
(Submitted by Washington D.C. Department
of Public Works)
Urban Multi-leg Intersection on Skew
Prevailing Speeds -- 30mph

TRAFFIC DATA

ACCIDENT EXPERIENCE
(Recent Years)

None available prior
to construction

Total Accidents -Approximately 50 per year

PRE- IMPROVEMENT OPERAT I ONAL CHARACTER I ST I CS
Constitution Avenue, Pennsylvania Avenue and 4th Street form a six-leg Intersection. The major
traffic movements occur on Constitution and Pennsylvania, which intersect at a severe skew
Both streets are very wide, with Pennsylvania Avenue carrying 8 lanes of traffic and
angle.
Constitution Avenue 6 lanes. 4th Street carries 4 lanes of traffic.
The multi-leg configuration, severe skew, cross sections and high traffic volumes created a
hazardous and inefficient intersection. Traffic signal schemes were constrained by the many
required movements and long signal clearance times. Pedestrian crossings were also difficult.
(The intersection is near many Federal buildings, including the U.S. Capitol, and experiences
high pedestrian volumes.)
DESIGN PRINCIPLES APPLIED TO ACHIEVE OPERATIONAL AND SAFETY OBJECTIVES
The existing intersection resulted in many conflicts occurring within a large, single intersection. Both safety and operational efficiency suffered as a result. The following channelization
principles are evident in the re-designed intersection:
Separation of points of conflict
(Multiple turning movements within the one intersection)
Provide crossing of traffic streams at right angles
(Elimination of severe skew angle)
Reduction In conflict area
(Large single intersection)
Facilitation of traffic control schemes
(Improved geometry enables more efficient clearance and phasing)
DESIGN CONSTRA I PITS
Grade separation of Pennsylvania and Constitution was considered a viable traffic engineering
solution. However, such a solution wouid be unacceptable aesthetical Iy for what is considered
the fronttI of the nation's capital.
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SIJI4ARY OF DESIGN SOLUTI ON

Both approaches of Constitution Avenue were reaImed to create new intersections. This resulted in
three 3-leg intersections replacing the single 6-leg
intersection. The alinement of Constitution resulted in
intersection spacinas of 350 feet, 340 feet, 380 feet
and 320 feet, measured from 6th Street to 3rd Street
along Pennsylvania Avenue.
Double loft turn lanes for each ijit ed I ion nf
traffic alone Pennsylvania Avenue were provided. These
serve the effective route overlap created by th new
aeometr i cs.
Pedestrian crossings of Pennsylvania were restricted to the 4th Street intersection.
This aided
signalization and traffic movements of the new
Constitution Avenue intersections.
4th Street was restriped to provide additional
lanes, thereby reducing signal times for this approach.

L

-

The overlap section of
Well-marked double left turn lanes and turn Constitution (c)
(a) and (b)
Pennsylvania Avenue (between the
Avenue traffic into a 35-foot throat.
legs of Constitution Avenue) is 9
lanes wide.

(d) The new angle of intersection (e) and (f) Pedestrian movnents across Pennsylvania Avenue are restricof Constitution Avenue is about ted to the 4th Street intersection, where pedestrian actuated signals are
45, which is an improvement over Drovided. -land icapped ramps are installed at all pedestrian crssinas.
the previously very shallow angle.
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INTERSECTION NO. 10
Intersection of Mammoth, Candia, Hayward
and Massabesic Streets
Manchester, New Hampshfte
(Submitted by New Hampshire Department of
Public Works and Highways)
Urban Multi-leg Intersection

CANDIARD.

Prevailing Speeds on Approach Streets -- 25 - 30mph

TRAFF IC DATA
1978
AVSRAGE
C'JLV
TRAFFIC

JL
'i
1940

SIM

ACCIDENT EXPERIENCE
(3 Years)
8100

49 Accidents
I Fatality
26 Injuries

PRE- MROVEP4ENT OPERAT I ONAL CHARACTER 1ST I CS
This was a complex, unsignalized intersection of two minor arterials (Massabesic Street and
Mammoth Road) with other local streets. The combination of multiple, converging legs and unusual
geometry created a poor operational condition. Multiple conflicts occurred between through movements on Mammoth Road and major east to west movements using Massabesic Street and Candia Road.
Significant delays and a poor safety history led to the re-design of this intersection.
DESIGN PRINCIPLES APPLIED TO ACHIEVE OPERATIONAL AND SAFETY OBJECTIVES
The primary objective was to promote safe, orderly flow of significant through movements. It was
necessary to retain the basic approach geometry because of adjacent land use. To accomplish
this objective, a plan was developed that emphasized control of access and facilitated significant movements. The following design principles are reflected in this plan:
Facilitation of high priority movements
(Mammoth Road and Candia Road/Massabesic Street)
Separation of points of conflict
(Approach leg of Massabesic Street)
Prohibition of undesirable movements
(Access within the intersection and minor left turn movements)
Facilitation of traffic control schemes
(Lane arrangements and control of access enable signal phasing)
DESIGN CONSTRAINTS
A historic building located in the northeast corner of Mammoth Road/Candia Road intersection
limited acquisition of right-of-way for widening or relocation of Candia Road.
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SLRY OF DESIGN SOLUTION
Mammoth Road was widened to provide two lanes in
each direction.
Massabesic Street was real med directly opposite
Wayland Avenue to provido Goporotion from Coitdid Road.
Raised median channel Ization along Mammoth Road,
and restricted access within the intersection complex,
were used to faci I itate movements through the intersection.
Traffic signals and separate turning lanes coordinated al I movements.
Because of the short storaqe
available on Mammoth Road, the signal phasing was
designed to acconnodate the heavy Massabesic Street to
Candia Road movements.

(a) and (b)
Massabesic Street is realined at its approach to Mammoth
Road. This creates two separate intersections with about 180 feet of
storage between them. Improved sight angles and left turns also result
from this real Inement which produces an angle of intersection of almo't
90%
Note the combined visual effect of the raised charinelized median islands,
pavement markinis and traffic signal locations.

Median channel ization and
(d)
signina prevent left 'urns from
Hayward Street, which intersects
Mammoth Road between Massabesic
Street and Candia Road. Maintenance of traffic flow, continoent on
coordination of signal phasino +or
all movements, reoulres str'ct
control of access.
(Note the ricjht turn ing
trailer from Candia Road.)

semi-

(c) A wide exit throat is provided
to Massabesic Street to receive the
high volume left turn movement. A
sionificant number of semi-trailers
was observed makino this turn,
which, in all cases, was achieved
without difficulty.

(e) and (f) Good geometrics and coordination of signal phases produce
Here, a semi-trailer
smooth operation for even the largest vehicles.
proceeds eastbound from Massabesic Street to Candia Road. Completion of
the left turn was accompl ished despite the presence of queued vehicles in
opposino lanes.
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INTERSECTION NO. 11
E. Church Street and Bernard Avenue
Greenevi lie, Tennessee
(Submitted by Tennessee Department of
Transportation)
Benard Ave.

Offset intersections
Prevailing Speeds on Approach Streets -- 25 — 30 mph

TRAFFIC DATA
_- CM
CM
0

1982 PEAK HOUR

AcCIDENT EXPERI ENCE
(1973 — 1976)

—69(85)
- 99 (199)
72 (109)

Total Accidents 49
9
Total InjurIes
Total Fatal ities 0

P1 01
(MN (0
ill

3 '*_

29 (23)
102 (110)
51 (58)

Accidents By Type
Angle/Turning
23

—...
CC fl CO
NOd.-

OO - A.M.
(00) - P.M.

Rear end
Single Vehicle
Sideswipe

CC CON

13
5
1

PRE- IMPROVEMENT OPERATIONAL CHARACTER I STI CS
Bernard Avenue forms an offset, unsignalized intersection with Church Street. The offset, which
is about 150 feet, forces "through" traffic on Bernard Avenue to make a left and then right turn
across Church Street, which is the priority street. The east leg of Bernard Avenue is striped as
a Y intersection, with two-way movements on each leg. This is confusing and creates multiple
conflicts. The west leg has poor corner sight distance to the north, caused by an embankment.
Church Street is only one lane wide in each direction. There are no left turn lanes for Church
Street traffic, resulting in delays to through vehicles from left-turning vehicles awaiting gaps.
The poor geometrics create multiple conflicts within a small area. Drivers on all approaches are
confronted with vehicles turning in front of them; with queues; and with a rapid succession of
navigational and control tasks. These factors create a poor level of service throughout the day,
and are directly responsible for the very high accident rate.
DESIGN PRINCIPLES APPLIED TO ACHIEVE OPERATIONAL AND SAFETY OBJECTIVES
The primary safety objective, reduction in accidents, can be achieved by limiting the number of
conflict points and simplifying the conflict area. Combining the two overlapping 1-Intersections
It will also facilitate
Into one conventional intersection will accomplish this objective.
The
traffic control and Improve level of service, thereby achieving a second objective.
following design principles are addressed in the re-designed intersections:
Reduction in conflict area and crossing conflicts at right angles
(Through traffic on both streets exposed to crossing conflicts)
Facilitation of high priority movGnents
Facilitation of Traffic Control

(Through traffic on both streets)

(Multi-way stop control or signal control is possible

Separation of Points of Conflict (Left turns from both streets)
DESIGN CONSTRAINTS
The church and embankment on the northwest corner of the intersection limit the abi I ity to make
geometric changes in this quadrant.
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StJS(P,RY OF DESIGN SOLUTION
The east leg of Bernard Avenue is realined to
create a single-leg intersection.
Separate left turn lanes are provided on approaches
to mInimize conflicts and delays caused by left turns.
Right turns are channel ized, with separate right
turn lanes off Church Street in both directions.

r;iu

islands are used to clocA up rmMninq open

pavement area.
The old east leg of Bernard Avenue is retained as a
free right turn lane.
TraffIc siqnalsare installed.

(Note: the Initial

plans called for operation of this intersection with
4-way stop control.)
-4—

(a), (b) and (c) The through movement on Bernard Avenue is difficult to safely perform. Drivers must turn left
from a stopped position (after contending with poor corner sight distance); turn right; and yield to other
vehicles turning left from southbound Church Street. Crossing, rear-end and merging conflicts regularly occur
for these "through" vehicles.

____ -

L

•_!

11111111

-- a c
The V-type geometry at the
(d)
eastleg of Bernard Avenue creates
driver confusion and produces queues
under even light traffic volumes.
Note the worn out painted channelization and large, open pavement
area.

(e)
Through vehicles on Church (f) The embankment in the northwest
Street must contend with multiple quadrant creates poor sight distance
conf I ict points.
Lack of channel- for Southbound Church Street as well
ization and the offset produce a as eastbound Bernard Avenue.
large conflict area,
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INTERSECTION NO. 12
U.S. Route 10 and Frazee Street
Detroit Lakes, Minnesota
(Submitted by Minnesota Department of
Transportation)

U.S. Route 10

Urban Intersection with Route Turn

Frazee St.

>

Preval ing Speeds on Approach Streets

C)

--30-35mph

eo

TRAFFIC DATA
ACCIDENT EXPERIENCE
(1976 - 1977)
Total Accidents

4-

6903

4-

2545

3324

18

Fatal Accidents
0
Injury Accidents
5
Property Damage Only 13
Accidents By Type
Rear end
Sideswipe (Same Dir.)
Right Angle
Turning
Other/Unknown

7
2
4
3
2

PRE- I P4ROVEMENT OPERATIONAL CHARACTER I STI CS
U.S. Route 10 is a major, marked through arterial that passes through Detroit Lakes. Frazee
Street is a minor city street with limited continuity. 1975 traffic counts showed AOl of 4300
for Frazee Street, and 7750 for U.S. Route 10. Frazee Street ends at U.S. Route 10, with all
traffic proceeding to the east. The present configuration requires eastbound U.S. 10 traffic to
stop, with preference given to Frazee Street traffic. Corner sight distance is poor, making this
Also, westbound U.S. 10 trafflc preceeding onto Frazee Street (a "left"
movement hazardous.
turn) conflicts with through U.S. 10 traffic in both directions. Half of the 18 accidents in
1975-1976 were directly related to difficulties In turning traffic.
Adjacent land use is commercial, and traffic/side friction from parked vehicles and a service
station contribute to the operational and safety problems.
DESIGN PRINCIPLES APPLIED TO ACHIEVE OPERATIONAL AND SAFETY OBJECTIVES
Improvements to the safety and operational efficiency were focused on the inappropriate traffic
control and travel patterns at the intersection. The primary problems, solved through channelization, concerned local street conflicts with through traffic. The following channelizatlon
principles are in evidence:
Prioritize and facilitate high priority movements
(Through traffic using U.S. Route 10)
Remove decelerating and queued vehicles from through traffic
(Left turns from westbound U.S. 10 to Frazee Street)
Prohibit undesirable movements
(East to north movement from Frazee Street to U.S. Route 10
not allowed)

SLM4PIRY OF DESIGN SOLUTION

U.S. Route 10 is realined on a curve for both
directions to achieve through continuity.
The approach leg of Frazee Street is realined to
tee Into U.S. Route 10. This approach is stop control led, and eastbound U.S. Route 10 is no longer
stopped.
A left turn lane is added for westbound turning
traffic on U.S. Route 10. This is accomplished within a
median created by two large islands introduced on U.S.
10.
A median Island on Frazee Street separates opposing
traffic, and channelizes all eastbound traffic into a
right turn.

(a) Before construction, eastbound
traffic on U.S. Route 10 encountered
large open pavenient, with no protec-

(b) Before, construction, westbound
U.S. Route 10 was forced to stop at
Frazee Street.

tion for vehIcles bound for Frazee
Street.
The continuity of U.S.
Route 10 is not clearly defined.

(d) After reconstruction, the
through continuity Is well defined.
Storage for left turning vehicles
improves both safety and efficiency
of the through movenent.

(e) After reconstruction, continuity
for westbound traffic is estabI Ished. Note the stopped vehicle on

(c) Design of the channelization
provides protection for stopped
the
vehicles,
clearly
defines
through route, and produces conflict
angles of about 90°.

(f) Sufficient storage exists to
handle occasional periods of heavy
left turn demand.

the Frazee Street approach.

Photographs courtesy of Minnesota Department of Transportation
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INTERSECTION NO. 13
1st Avenue North and Exposition Drive
Billings, Montana
(Submitted by Montana Department of Highways)
Urban Intersection with Capacity Problem
Prevailing Speeds on Approach Roads -- 40 mph

TRAFFIC DATA
NCIDENT EWERIEME
(2 1/2 years)
Total Accidents
47
(predominantly rear-end
and angle accidents)

PRE- IMPROVEMENT OPERATIONAL CHARACTER I STI CS
1st Avenue North Is a four-lane primary arterial serving the downtown. Exposition Drive Is also
a major arterial that forms a T-type intersection with 1st Avenue North. The intersection
operated under stop control, with certain major movements free-flowing. The westbound "through"
and right-turn movements on 1st Avenue North were stopped, as was the left turn (eastbound) movement frm Exposition Drive.
Severe capacity problems,
The intersection was within a major corridor being reconstructed.
demands for local access, and a corridor accident rate over twice the state average resulted in
re-design. Expected future increases In traffic demand contributed to the final solution.
The unusual operation of the intersection and high traffic volumes resulted in a large number of
angle and crossing accidents.
DESIGN PRINCIPLES APPLIED TO ACHIEVE OPERATIONAL AND SAFETY OBJECTIVES
Promotion of corridor capacity and treatment of the high accident rate were the principal objecSignalization of the intersection was an Important requirement, Widening and
tives.
channel ization to facilitate high volume movements with minimal delay were necessary to optimize
signal operations. The design principles listed below are embodied In the design solution.
* Facilitation of high priority movements
(Provision for free-flow movements and double turn lanes)
Crossing conflicts at right angles
(Basic intersection geometry)
° Separation of conflicts
(Signalization provides time separation of crossing and
turning conflicts)
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SLM4ARY OF DESIGN SOLUTION
Exposition Drive is widened to provide a four-lane
approach from the north, with a double left turn to the
east. The west to north throuah movement is widened to
three lanes.

From the east, a single right turn lane

and double left turn lanes are provided.
The right angle geometry is maintained, with raised
mcd ion chnnl izath.nt.
The intersection is signalized, with separate
phases for al I majnr turning mcvements.

Auxiliary pavement markings
(a)
and a wide throat assist the movement of the double left turn from
he east leq.

Through
(d)
traffic
onto
Expositon Drive proceeds on a
smroth, flat horizontal curve.
k)te the blunt approach end of the
"right" turn lane island nose.

(b)
All turning movements are
designed to acconiiiodate large
semi-trailers.

(e) Turning lanes are long enough
to assure independent aueuinq and
oopration.

(c) Advance signing is important
at high-volume intersections with
double turning lanes.

(f) The 90° angle of intersection
produces a compact intersection
with small conflict areas. Note
he small eight corner radius,
undesirable
which
discourages
right turns.
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INTERSECTION NO. 14
State Route 138 and State Route 85
Clayton County, Georgia
(Submitted by Georgia Department of
Transportation)
Suburban Intersection with Capacity Problem
Prevailing Speeds on Approach Roads -- 35 - 45 mph

TRAFFIC DATA
1986 PEAK HOUR
PROJECTED

AX I DENT EXPER I ENCE
(1979)

00

j

145 (121)
186 (364)
40 (121)

L

-0-

-4-----

356 (291)
251 (323)
81 (170)

53 Accidents
22 Injuries
1 Fatal ity

1'-

MOP
N U)

00-AM.
(00) - P.M.

PRE- It4ROVEHENT OPERATIONAL CHARACTER I STI CS
This signalized intersection is surrounded by high trip-generating land use, including shopping
centers, fast food restaurants and service stations. The intersection operates at a poor level
of service throughout the day because of the restricted approach widths and lane arrangements on
State Route 138. There are no separate left turn lanes, and only one through lane in each direcAs a result, left turns impede the through movements and create queues.
tion on Route 138.
Vehicles accessing the surrounding land uses further aggravate the operation of the intersection.
The existing Intersection is channel ized to facilitate right turns from all quadrants. Triangular corner Islands and separate right turn lanes are provided. -The combination of these islands
and the single through lane on Route 138 creates a narrow throat for vehicles turning left from
Route 85.
All of the above geometric and operational problems have contributed to a poor accident record.
DESIGN PRINCIPLES APPLIED TO ACHIEVE OPERATIONAL AND SAFETY OBJECTIVES
The primary objectives were to Increase the level of service of the intersection and improve the
safety. The following channel izatlon principles were considered as priorities:
Removal of decelerating and queued vehicles from through lanes
(Left turns from Route 138)
Facilitation of high priority movements
(Through traffic on both highways, and the heavy north to
east turning movements)
Facilitation of traffic control schemes
(Ability to control the Intersection with a range of signal
phasing schemes)
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SARY OF DESIGN SOLUTION

State Route 138 Is widened to provide two through
lanes and a separate left turn lane in each direction.
The southbound left turn lane on State Route 85 is
widened to two lanes to facilitate this heavy turning
movement. The opposing east to north right turn lane is
retained.
Two-way left turn lanes are provided on the
approaches of State Route 138 to facilitate access to
adjacent land use and minimize conflicts with through
traffic.
Traffic signal equipment is upgraded.

-

i1I

___________

(a) and (b) Single lane approaches force the combination of throuah and
left turning vehicles.
Safety problems ensue in the form of frequent
rear-end conflicts. This lane arrangement also seriously impacts intersection capacity. Sional operation alternatives are I imited to separate
phases for each approach (possibly very inefficient), or single phase
operation, which results in substantial delays to through vehicles from
queued left turners.
Ilote the neqative operational effeect of the corner island, which prevpntg
throuch vehicles from passinc queued left turn vehicles.

(d) and (e) The existing left turn lane handles peak period traffic of
over 500 vehicles per hour. this movement presently turns Into a narrow
throat defined by the opposing lanes and far-side corner Island. Future
operations require a second left turn lane and relocation of the corner
island to provide minimum throat width.

Queuino along Route 138
(c)
affects access to nearby businesses.
Larce delays occur for
vehicles leavina this shoppino
center.
Other
left-turning
vehicles enterinc nearby businesses
must queue in the through lanes,
causino further delays to throuqh
vehicles.

(f) A free (yield-control led) right
turn lane presently serves the
heavy east to north movement. The
redesigned intersection retains a
separate riqht turn lane.
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INTERSECTION NO. 15
U.S. Route 3 and U.S. Route 202
(Interstate 393 Connector)
Concord, New Hampshire
(Submitted by New Hampshire Department
of Public Works and Highways)
Urban Intersection with Access Control Problem
Prevaiiing Speeds on Approach Streets -- 30 - 35 mph

TRAFFIC DATA
ACCIDENT EXPERI ENCE
(4 years)
\\\

O,

,

1980PEAKHOUR
020

L

0 (10)
320(370)
ç- 490 (470)

0

00-AM.
(00) P.M.

-

26 Accidents
0 Fatalities

--

O

PRE- IMPROVEMENT OPERAT I ONAL CHARACTER 1ST I Cs
U.S. Route 3 (Bouton Street) is a major access route to downtown Concord from the north. U.S.
Route 202 serves as a major access route from the east. Major turning movements occur at their
Y-type intersection, which includes North Main Street, a local facility serving the historic
district of Concord.
Major traffic demands were anticipated for the intersection due to the reconstruction of its
eastern leg as a direct connection to a new Interstate highway.
DES IGN PR IPIC I PIES APPI I ED TO ACH I EVE OPERATIONAL AND SAFETY OBJECT I VES
The objective in redesigning the intersection was to maximize the level of service within the
existing right of way of Bouton Street and Main Street (U.S. Route 202 south leg). Priority was
given to major through movements.
This involved removal of southbound movements from the north leg of North Main Street, and
The following channel ization

control of driveway access and other local street movements.
principles were applied:
Facilitation of high priority movements
(Major through and turning movements)

Prohibition of undesirable movements
(Local left turn access to properties at intersection and
southbound movements from North Main Street.)
Facilitation of traffic control schemes
(Lane arrangements and movement prohibitions enable simple
3-phase stgnalization scheme.)

-
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SLJY OF O€S*GN SOLUTION
(1) New 1-393 connector (east leg of U.S. Route 202) is
widened, with a double left turn lane provided for the
east to south movement.
(7) Soutribniini movements from North Main Stroot Into
tho intersection were prohibited by clubliiy off the lane
and constructing a large cul-de-sac. Access was provided to the north, away from this intersection.
RaIsed mellan channelization was provided on all
legs for a minimum of 120 feet from the intercer.tion
This prevented left turns to and from driveways at the
intersection, and restricted movements to and from
Church Street, a minor road intersecting with Bouton
Street.
New

traffic signals and control equipment were

installed.
t

- i '--4

(a) Movements into the intersection from the north leg of North
Main Street are eliminated by
construction of a cul-de-sac.
Movements out of the intersection
are still allowed.
(Access to
this area is maintained one block
to the north by another connection
to Bouton Street.

(b) and (c) Raised median channelization acts as a barrier to left turn
access to adjacent businesses and Church Street, a minor road just north
of the intersection.
The raised channelization also provides a positive separation between
opposing flows on all legs.

ii;i i!LILI

r-

El
----

(d) and (e) The heavy east to south movement is handled by development of (f) The combination of lane markchannelization,
median
a double left turn lane on the 1-393 connector.
The advance overhead ings,
signing is particularly Important, as the outside left turn lane is overhead signing and signalhead
developed directly from a through lane. A throat width of 30 feet taper- placement produces a clear message
lane
to drivers about proper
ing to 28 feet is provided for turning vehicles In two lanes,
p I acement.

118
INTERSECTION NO. 16
63rd Street (State Route 10) and Mastin
Mastin Street
Merriam, Kansas
(Submitted by Kansas Department of Transportation)
Urban Intersection with Access Control Problem Area
(Commercial Strip Development)
Prevailing Speeds on Approach Roads -- 40 - 45mph (63rd Street)

TRAFFIC DATA

.,,
cn-10
lb -

J IL
5 (33)
1 (19)

--

1977 PEAK HOUR

NXIDENT EWERIENE
(22 Mos. -- 1976-1977)
49
Total Accidents
Fatai Accidents
0
12
injury Accidents
Property Damage Only
12
Accidents

'-2(37)
— 2 (45)
1 (5)

'ui1

Accidents By Type

00-AM.
(00). P.M.

Angle/Turning
Rear end
Head on
Sideswipe

-lb

JL

k.4-

11 (80)
384 (2021)

11
1768 (1168)

Other

27
14
1
5
2

PRE- IMPROVEMENT OPERAT IONAL CHARACTER 1ST I CS
63rd Street is a 4-lane divided arterial paralleled by a 2-lane frontage road, with a 127foot
separation between the roadways. The frontage road provides access to strip development, including many restaurants, stores and service stations, Mastin Street is a north-south collector
terminating at 63rd Street. Southbound traffic is stop control led at 63rd Street, with frontage
traffic stopped at Mastin Street. 63rd Street operates without traffic control, with protected
left turn storage provided at Mastin Street.
The high volumes and speeds on 63rd Street contributed to an unsafe Intersection, as evidenced by
the iarge number of angle accidents involving vehicles from Mastin Street.
DESIGN PR INC IPLES APPL I ED TO ACH I EVE OPERAT I ONAL AND SAFETY OBJECT I VES
Improvement of the safety of the Intersection was a major objective.

Because of the close

proximity of the frontage road, a combination of channelization and traffic control measures was
required. The following design principles apply:
Separation of points of conflict (Separating frontage road from 63rd Street)
Facilitation of high priority movements

(Signalization scheme)

Prohibition of undesirable movements
(Closure of adjacent access to 63rd Street, with diversion
of traffic to signalized Intersection)
Merging of traffic streams at fiat angles
(Design of left turn acceieration lane from Mastin
Street to eastbound 63rd Street)
Elimination of conflicts
removed by signal)

(Crossing/turning conflicts
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S(WftRY OF DESIGN SOLUTION
Fully actuated traffic signals were installed at
63rd Street.
Left turn channelization to 63rd Street was
designed to function as a merge, thereby enabling eastbound 63rd Street to maintain continuous flow.
The frontage road intersection with Mastin Street
was relocated about 55 feet to the north. This separated the stop-control led frontage road Intersection from
the signal, and provided storage on Mastin Street for
vehicles queued to access 63rd Street.
A median opening about 350 feet west of Mastin
Street for access to the frontage road was closed. This
diverted traffic to the safer, signalized access at
Mastin Street.

(a) The frontage road is relocated away from 63rd Street to
provide separation between frontage Road/Mastln Street conflicts
and the 63rd Street signalized
intersection. Storage for about 3
passenger cars is created.

The "rormaI" frontage
(b)
road/Mastin Street cross section
is shown here. Note the land use
along the frontage road.

(c) Adjacent access to 63rd
Street is closed, with vehicles
re-routed to the Mastin Street
signalized intersection.

-h

(d) The left turn iane to Mastin
Street is contained within the
raised median. The channelization
allows for unstopped eastbound
movanents along 63rd Street.

(e) Left turns from Mastin Street
must merge with the through (unstopped) eastbound traffic.

(f) Westbound 63rd Street traffic
is controlled with the new traffic
signal.
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INTERSECTION NO. 17
State Highway Route 135 and Main Street
Lafe, Arkansas
(Submitted by Arkansas State Highway and Transportation Department)
Rural Intersection Reconstruction for Large Vehicles
Prevailing Speed on Approach Roads -- 40mph

TRAFF IC OPERATIONAL REQ(J I REMENTS
Main Street intersects under stop control with State Highway 135. The original skewed intersecNarrow approach widths, severe skew, and tight corner

tion was Inadequate for large trucks.
radii created extreme difficulties.

The redesigned intersection was to continue under stop control, with no significant changes to
Facilitation of large truck turning movements was the
approach widths or lane arrangements.
primary design consideration.

DES1GW CONSTRAINTS
Redesign was confined to the area immediate to the intersection. Removal of the skew angle and
widening of approach widths was not possible.

SL101114ARY OF DESIGN SOLUTION
Additional surfacing was provided along-State Highway 135 opposite Main Street. The
extra pavement is utilized by large trucks turning left from Main Street.
Additional surfacing was provided along Main Street to provide a wide right turn lane
for west to south movements.
The "throat" of westbound Main Street was significantly widened to accept both left
and right-turning trucks from State Highways 135.
Because of width requirements for trucks, the intersection area was greatly increased. To prevent wandering of vehicles, provide positive guidance, and place stop
and other regulatory signs, raised median and corner island's were installed,
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CONSTRUCTION COST DATA
Estimated Cost of Construction $12,000

Intersection No. 17

STATE ROUTE 135 AND MAIN STREET
Lafe County, Arkansas

Submitted By:
Arkansas State Highway and
Transportation Department
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INTERSECTION NO. 1
State Route 17 and Ramps to Interstate Highway 74
Henry County, Illinois
(Submitted by Illinois Department of Transportation
Rural Intersection Reconstruction for Large Vehicles
Prevailing Speeds on Approach Roads -- 50mph

TRAFF IC OPERATIONAL REQIJ I REMENTS
Increases in allowable truck sizes necessitate design revisions to certain intersections,
Illinois DOT policy is to adopt the WB-60 design vehicle for design of Interstate and other
designated highways. To allow for access to the Interstate system, ramp terminal intersections must accommodate this design vehicle.

DESIGN CONSTRA I NTS
Spot improvement of existing ramp terminal ihtersections should be performed at a minimal
cost, due to the large number of intersections requiring treatment. Provision for WB-60
turning movements must therefore be made without basic changes to the Intersection form.

SIARY OF DESIGN SOLUTION
The right turn radius from Ramp B is Increased from the existing 180-65-180
three-centered curve to a 200-75-200 three-centered curve. This revision allows
for the larger turning radius, and also opens up the turning roadway.
The nose radius design between Ramps A and B Is altered to prcvide a wider throat
for vehicles turning into Ramp A from the left turn lane on State Route 17.
The median nose radius on Route 17 is relocated approximately 18 feet to the
west, and a longer taper is provided to accommodate vehicles turning left from
Ramp B.
The right turn radius from Route 17 to Ramp A is increased from the existing
150-50-150 three-centered curve to a 180-70-180 three-centered curve.
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Intersection No. 18

STATE ROUTE 17 AND RAMPS TO
INTERSTATE HIGHWAY 74
CONSTRUCTION COST DATA
Henry County, Illinois
Estimated Cost of Construction $35,000
Submitted By:

Illinois Department Of Transportation
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INTERSECTION NO. 19
Maine Street and 4th Street
Quincy, Illinois
(Submitted by Illinois Department of Transportation
Urban Intersection Designed for Large Trucks
Prevailing Speeds on Approach Streets -- 25-30 mph

TRAFF IC OPERAT IONAL REQU I REMENTS
4th Street is a 4-lane, one-way arterial that intersects with Maine Street In the central
business district. The intersection is signal controlled. Raised median channelization is
used on the south leg to separate opposing traffic.
Frequent, large trucks turn to and from 4th Street. The tight corner radii and existing
channelization make turning movements difficult for such trucks. Design modifications were
proposed to facilitate these movements, within the existing constraints.

DESIGN

CONSTRAINTS

The surrounding land use prohibited taking of additional right-of-way. This prevented consideration of increasing corner radii.

SLM4ARY OF DESIGN SOLUTION
The median channelization was modified to accommodate south to east right turns.
The south approach was widened 2 feet each side, and a new corner radius of 20 feet
was provided.
Traffic signals in the southeast corner were removed to provide more clearance.
The corner island was reduced slightly to provide additional width for east to north
right turns.
The design modifications are sufficient to allow a WB-50 to turn right from Fourth Street
from the right lane.
Because the intersection is signal controlled, trucks can use the
entire eastbound width to complete the turn without adversely affecting other movements.
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Intersection No. 19

MAINE STREET AND 4TH AVENIIE
Quincy, Illinois

Submitted By:

Illinois Department of Transportation
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INTERSECTION NO. 20A
Spokane Avenue and Second Street
Whitefish, Montana
(Submitted by Montana Department of Highways)
Urban Intersection Re-designed for Large Trucks

TRPiFF IC OPERAT IONAL REQIJ I REPENTS
The Intersection of Spokane Avenue and Second Street experiences unusual operational problems
due to the presence of frequent oversize semi-trailers. U.S. Route 93 makes a turn at this
Intersection. A large number of eight axle trucks hauling wood chips regularly follow Route
93 through Whitefish. These vehicles have an overall length of 74 feet, and a minimum turning radius of 55 feet.
Trucks of all types represent 5 to 7 percent of total traffic (over 12-hour peak period).
The existing Intersection Is typical of downtown treatments, with small radius curb returns,
on-street parking, and bui It-up adjacent right of way.
The steady increase In the use of these large vehicles required an Immediate redesign of the
Intersection. Because of existing constraints, a two-phase improvement plan was developed.

DES IG1I CONSTRAINTS
New right of way is extremely limited and expensive to acquire. Any improvements to corner
radius geometry or the cross section were therefore constrained.

SIM4ARY OF DESIGN SOLUTION (INITIAL PHASE)
The southwest curb return was reconstructed, with an offset (truncated) larger radius
curves
Parking on the east side of Spokane and north side of Second Streets was removed.
Also, restriping and realinement of lanes on the south and west approaches to the
Skip striping was proposed to guide all turning
Intersection was implemented.
traffic.
Adjustments were made to the locations of traffic signals and utilities in the
southwest corner of the Intersection.
These improvements were intended to allow trucks to swing wide and complete a west-to-south
right turn without encroaching on parked vehicles or opposing lanes of traffic.
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Intersection No. 20a

SPOKANE AVENUE AND SECOND STREET
(U.S. RO(JTE 93)
Whitefish, Montana

Submitted By:
Montana Department of Transportation
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INTERSECTION NO. 20B
Spokane Avenue and Second Street
Whitefish, Montana
(Submitted by Montana Department of Highways)
Urban Intersect ion Re-designed for Large Trucks

SIARY OF DESIGN SOLUTION (ULTIWITE)
An ultimate solution, to be implemented when right of way at the existing service station
becomes available, is shown at right at 50 scale. This design solution includes:
Reconstruction of the southwest curb return with compound curvature
Reconstruction of the pavement within the intersection
Adjustments to the locations of traffic signals and utilities
This solution is intended to allow the oversize trucks to perform a right turn within half
Implementation will enable a return to the previous, normal
the roadway on each street.
striping and lane arrangements.
In addition, adequate corner clearance to private access
will be incorporated in the final design.

N

/

--------

'

Design Vehicle
8 - axle Semitrailer
Scale: 1"=50'

The design vehicle path for both interim and ultimate design is shown above.
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Scale: 1" = 50'

ULTIMATE SOLUTION:
New "two-centered curve" enables
return to conventional pavement
markings and operation

Intersection No. 20b

SIIJKANL AVENUE AND SECOND STREL1
(U.S. ROUTE 93)
Whitef.ish, Montana

Submitted By:

Montana Department of Highway s
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INTERSECTION NO. 21
Schrock Road and Huntley Road
Worthington, Ohio
(Submitted by Ohio Department of Transportation)
Suburban Intersection Design to Accommodate Bicycle Lanes
Prevailing Speeds on Approach Streets -- 35- 40 mph

TRAFF IC OPERATIONAL REQU I REMENTS

The design of Schrock Road provides for 5-foot one-way bikeways in each direction of traffic. Huntley Road is a collector, Its Intersection with Schrock Road requires signalization
and provision for exclusive left and right turn lanes.
Safe accommodation of bicycle traffic within the capacity and other operational constraints
was an important requirement.
Projected use of the bicycle lanes Included a large number of children.

SI.M4PRY OF DES I GM SOLLJT ION

The bikeways were transitioned to outside the edge of pavement prior to the Intersection.
This helps reduce the chances of sideswipe conflicts with right turning vehicles. It also
facilitates safe storage outside the Intersection for bicyclists awaiting a green signal
Indication.
The placement of the bideway and crosswalks encourage left turn bicycle movements to cross
Schrock Road rath.er than use the left turn lanes. Note the placement of pedestrian/bicycle
signal Indications adjacent to the bikeway.

a

4%

Photographs courtesy of Ohio Department of Transportation
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Intersection No. 21

SCHROCK RtY\D AND HUNTLEY RWD
Franklin County, Ohio

Submitted By:
Ohio Department of Transportation
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INTERSECTION NO. 22
U.S. Route 41 and Delany Road
Lake County, I I inois
(Submitted by Lake County Highway Department
Suburban with High Volume Turns
Prevailing Speeds on Approach Roads -- 40 - 55mph

TRAFFIC DMA
MARCH 1978

-4.----

"I

26 (77)
194 (262)
507 (285)

NC I DENT EXPER I ENCE
(2 Years Before)
Fatal Accidents
0
Injury Accidents
15
Property Damage Only 29
Accidents By Type:

(13) 3 _(254) 287 -.-(12) 16
CO

00.A.M.
(00) .P.M.

9

SU.4%
SEMI 3%-8%

Rear end

17

Angle
Head on

20
2
1
4

Sideswipe
Single Vehicle

PRE- II4ROVEMENT OPERAT I ONAL CHARNTERI STI CS
This Intersection of a major rural arterial serves a cormiunity with substantial industrial land
use. The predominant traffic movements are through along U.S. 41 and north-to-east. As traffic
demand on Delany Road increased, the north-to-east left turning traffic resulted In high delays
and a low level of service•
A significant percentage of this traffic is comprised of large
vehicles (semi-tral lers and single unit trucks). This Intersection of a signalized, high-speed
arterial experienced a large number of angle and rear-end accidents prior to Its re-design.
DESIGN PRINCIPLES APPLIED TO ACHIEVE OPERATIONAL AND SAFElY OBJECTIVES
The primary objectives were to (1) improve the level of service of the heavy turning volumes; and
(2) Improve the safety of the intersection by limiting left-turn conflict frequency and severity,
and by improving the heavy right-turn conflict severity. The following design principles apply:
Facilitation of high priority movements
(North to east turning movements and through movements
on U.S. Route 41)
Separation of decelerating or stopped vehicles from high speed through traffic
(Provision for left turn lanes off Delany Road, and right turn lane
off U.S. Route 41)
Facilitation of traffic control scheme
(Provision for and design of turning lanes enabled adoption of
optimal signal control)
DESIGN CONSTRA I NTS
All turning movements were designed for a WB-50 design vehicle due to the functional classification of the major facility and the number of large vehicles using the intersection.
Local opposition limIted the availabIlIty of right-of-way to the south, restricting the design to
one through lane south of U.S. 41. The intersection re-design was part of an Improvement to
Delany Road to a five lane cross section.

133

SLWARY OF DESIGN SOLUTION
Double left turn lanes at Delany Road provide
sufficient storage and capacity to accoimiodate this
heavy movement.
A left turn lane was added to north Delany Road to
projer.t this movement and fad I itatc signal phasing.
The right turn lane off westbound U.S. 41 was
improved at the intersection. A larger turning radius
and wide turning lane improve turninq speeds, enable
merging of tunis

dl d

flaller angle, and accomodate

large trucks.
North to South through movement is assisted by
painted channelization.

MI

-

(a) and (b) Pavement markings and overhead signing are provided well
in advance of the intersection to alert approachinq drivers.

(d) and (e) Right turn roadway width and radius design enable easy
turns by frequent semi-trailers.

(c)
Large radius and wide throat
provide for good operation of
double left.

p9-

AS

IAMAA

(f) Pavement markins assist
through vehicles.
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INTERSECTION NO. 23
State Route 178 and Oak Street
Bakersfield, California
(Submitted by California Department
of Transportation)
Urban/Suburban Intersection with Right Turn
Accident Problem
Prevailing Speeds on Approach Streets --

- 45 mph

TRAFFIC DATA
Total Entering Traffic
(1979 ADT)
29,500 vehIcles per day

MXIDENT EWERIENE
(3 Years)
Total Accidents
Fatal Accidents
Injury Accidents
Property Damage Only
Accidents

54
0
15
39

Accidents By Type
Rear end
Other Multivehicle

44
7

Single Vehicle
3
Total Accident Rate 1.25 per MEV
PRE- ICROVENT OPERAT I ONAL CHARACTER 1ST I CS
State Route 178 is a major east-west arterial serving Bakersfield, California. The signalized
Intersection with Oak Street Is typical in Its geornetrics and operations with other California
Intersections. The original design provided for "free" right turn channelizatlon onto and off
Route 178. The right turning traffic operates Independently of the signal control, with a merge
required. Also, left turn storage is provided on Route 178 to facilitate operations.
increased traffic
This scheme operated adequately until traffic Increased on both facilities,
resulted In Insufficient left turn lane storage, creating queuing In through lanes and rear-end
conflicts between through and left turning vehicles. In addition, the free right turns no longer
functioned, as vehicles were unable to merge into the heavy flowing through traffic. Again,
rear-end conflicts and accidents resulted.
DESIGN PRINCIPLES APPLIED TO ACHIEVE OPERATIONAL AND SAFETY OBJECTIVES
There are two basic objectives In redesigning this intersection -- reducing rear-end conflict/
These are both achieved by
accident frequency, and Increasing overall intersection capacity.
enhancing the positive separation of conflicts at the intersection. The following design
principles apply:
Separation of conflicts
(Using the traffic signal and revised geometry to separate
right turns from through traffic)
RovaI of decelerating or stopped vellcles from through lanes
(Increasing left turn storage capacity)
Facilitation of high priority ivements
(Increasing left turn storage capacity and eliminating
merging right turns)

135

S1JRY OF DESIGN SOLUTI(II
Right turn radii onto and off State Route 178 are
reduced to 35 feet, with large islands removed.
Left turn storage on State Route 178 is more than
doubled by lengthening the turn bay and creating a
double left turn.

:TIuu

(a) Prior to redesign, the intersection channelization scheme emphasized
free right turn movements to and from Oak Street.

Owl

(c) The re-designed intersection scheme ernohasiZeS treatment of left
turns rather than right turns.

b) The short left-turn lane from
State Route 178 was freauentiv
blocked by aueues.

Photos (a) and (b) (Before)
and (c) (After) are courtesy
of California OeDartment of
Transportation
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INTERSECTION NO. 24
Old McHenry Road (County Highway 32)
and Quentin Road (County Highway 5)
Lake County, Illinois
(Submitted by Lake County Highway
Department)
Rural T-type Intersection Designed for Low Volume Left Turns
Prevailing Speeds on Approach Roads -- 45

TRAFFIC DATA

PCC I DENT E)G'ER I ENCE
(2 Years)
Total Accidents
15
Fatal Accidents
0
Injury Accidents
8
Property Damage Only
Accidents
7
12

Accidents By Type

00 AM
(00) PM

Rear-end
Angle
Sideswipe
Single Vehicle

2
4
2
8

FRE- IMPROVEMENT OPERAT I ONAL CHARACTER 1ST I cs
The existing t-type Intersection of Quentin Road with Old McHenry Road contained no approach
geometrlcs or special turning lanes. Quentin Road was stop-control led.
The County Highway Department conducted a study of their 260-mile system. This Intersection was
Identified for improvement because of the relatively high traffic volumes on Old McHenry Road.
Efficiency and safety In providing for turning traffic as well as the high volume through traffic
was central to development of a solution.
DESIGN PRINCIPLES APPLIED TO ACHIEVE OPERATIONAL AND SAFETY OBJECTIVES
The Intersection Is characterized by high through volumes along Old McHenry Road (the east-west
facility), and moderate or light turning movements.
The operational objective Is to handle
efficiently both predominant movements, as well as other lesser movements. The following
principles apply:
Fc1IItatIon of high priority movements
(Through traffic and right turns from Old McHenry Road)
Separation of points of conflict
(Turning movements off Old McHenry Road)
DESIGN CONSTRAINTS
The agency's limited budget required development of an Inexpensive interim solution. No
additional right-of-way was taken for the implemented design.
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SIM4ARY OF DESIGN SOLUTION
A separate right turn lane from Old McHenry Road
eastbound was provided to separate heavy right turns
from through traffic.
A by-pass lane was constructed for westbound Old
McHenry Road traffic. This lane is for use by through
vehicles encountering the occasional left turn traffic.
When no left turning vehicles are present, westbound
through trrafflc continues within the through lane.
The by-pass lane is considered a cost-effective
solution because of the relatively low left turn volmic
and hence low frequency of use.

Its construction

requirements are considerably less than the alternative,
a shadowed left turn deceleration lane. It is anticipated that a conventional left turn lane will eventually
be constructed.

1/

The bypass lane for westbound traffic begins about 300 feet in advance of the intersection.
(a), (b) and (C)
It is intended for optional use by through drivers who encounter queued left turning vehicles In the left
lane. The bypass lane merges back into the through lane past the intersection.

(d) and (e)
An exclusive right turn lane provides for safe deceleration
(f)
The stopped approach on
for the heavy right turn volume from Old McHenry Road. Clear sight lines Quentin Road is separated from
to the cross road are evident from the photo at right,
opposing volumes by a painted
islands
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INTERSECTION NO. 29
New York - Albany Post Road (U.S. Route 9)
Wappinger Falls to Poughkeepsle
Dutchess County, New York
(Submitted by New York Department of Transportation)
Suburban Highway Reconstructed with Special
Left Turn Design for Control of Access
Prevailing Speeds on Approach Roads -- 40 = 45mph

TRAFF IC OPERATIONAL REQU IREMENTS
This major, four-lane arterial is being upgraded because of capacity and safety deficiencies. Current problems largely relate to left turning traffic at intersections and Into
adjacent strip commercial development. In the future, Increased through traffic and further
development of adjacent property are expected.
Balancing the need to provide corridor
capacity with demands for access is a major operational problem to be solved.

DESIGN CONSTRAINTS
Design year traffic on the corridor ranges from 42,000 to 54,000 ADT. Right-of-way limitations restrict the roadway cross section to five lanes plus shoulders.
Severe drainage problems require closed drainage throughout the corridor, with curb and
gutter on the outside edges of shoulders.

SIM4ARY OF DESIGN SOLUTION
Raised median channel ization was provided to positively control left turn access
(Continuous two-way left turn lane was considered but not applied.)
Left turn lanes were incorporated at all signalized intersections.
Jug-handle turns (see design at right) were designed to accommodate left turn access
demands between signalized intersections. The jug handles are spaced about 700 feet
from the major intersection, with maximum spacing between permitted left turns In
each direction of less than 0.5 miles.
Full shoulders were Included to increase the corridor capacity by reducing right turn
side friction.
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Intersection No. 29

NEW YORK - ALBANY POST ROAD
(U.S. RO(JTE 9)
Dutchess County, New York

Submitted By:

New York Department

of

Transportation
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INTERSECTION NO. 30
Seaway Drive (U.S. Route 31--Business) and
Seminole Avenue
Norton Shores, Michigan
(Submitted by Michigan Department of Transportation)
Suburban Intersection with Special (Crossover)
Left Turn Lane Design
Prevailing Speeds on Approach Roads -- 40- 45mph

TRAFF IC OPERATIONAL REQU I REMENTS
Seaway Drive Is a major, four-lane divided arterial with a 60-foot median.

The primary

operational objective is to maintain a high intersection and corridor level of services
Design and operation of the intersection thus reflect an emphasis on providing green time for
through traffic on Seaway Drive.

SIM4ARY OF DESIGN SOLUTION
The design solution adopted by the Michigan Department of Transportation is typical of other
similar situations In the intersection.
Left turning vehicles proceed through, and use a
far-side median crossover to access the cross streets
This design/operational treatment
enables the use of simple two-phase signal ization, which is optimal for corridor signal
progression schemes. The wide median provides sufficient room for trucks to turn at the
crossover. The crossovers In this case are placed about 450 feet on each side of the intersection.
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Intersection No. 30
"Left turns" store on approach to
the intersection. Vehicles proceed
through (turn prohibited) and use
u-turn channelization and right turn
lane to complete the movement.

SEAWAY DRIVE (U.S. ROUTE 31 BUSINESS)
AND SEMINOLE AVENUE
-

Norton Shores, Michigan

Submitted By:

Michigan Department of Transportation
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INTERSECTION NO. 31
Falls of the Neuse Road (Secondary Road 2000)
Raleigh, North Carolina
(Submitted by North Carolina Department of Transportation)
Example Application of Two-way Left Turn Lanes

OPERATIONAL AND GEO€TRIC CHARACTERISTICS OF TWLTL
Falls of the Neuse Road is a major arterial highway serving cofnmercial and residential areas
on the outskirts of Raleigh. The TWLTL is used here by drivers accessing local residential
streets, private driveways, and small businesses. The posted speed limit is 45 mph, and 1983
Average Daily TraffIc is 12,500. This design utilizes full lane widths for all 5 lanes.

TWLTL

. 24'

L

L

2Lan8.s-12'

f

24'

/2'

2L017e$I2'

64 Face to Face
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INTERSECTION NO. 32
Wolf Road
Albany, New York
(Submitted by New York Department of Transportation)
Example Application of Two-way Left Turn Lanes

OPERATIONAL AND GEOI4EIRIC CHARACTERISTICS OF TWLTL
New York uses a 3/8 in white asphalt overlay to provide a flush, long lasting positive form
of delineation for their continuous two-way left turn lanes.
Wolf Road is a major, high
volume arterial serving shopping centers, fast food restaurants and other commercial land
uses. A 16-foot TWLTL is used here
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INTERSECTION NO. 33
Western Avenue (U.S. Route 20)
Albany, New York
(Submitted by New York Department of Transportation)
Example Application of Two-way Left Turn Lanes

OPERATIONAL AND GEOITRIC CHARACTERISTICS OF TWLTL
Western Avenue is a major arterial with mixed light commercial and residential adjacent land
use. Note the introduction of left turn lanes at the signalized intersection s Also note the
use of 4-foot bicycle lanes In each direction of traffic.
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INTERSECTIONS 34 THROUGH 37—CASE STUDIES IN RECONSTRUCTION OR REHABILITATION OF INTERSECTIONS
The remaining intersections (34 through 37) embody special case studies that show the application of channelization principles to
solve an existing operational or safety problem. In each case, cost, right-of-way, or other constraints had to be recognized and included
in the formulation of the solution.

Intersection 34 (Roswell/ Piedmont/ Blackland Roads,
Atlanta, Georgia), a focal point of north/south access
into the city, experienced serious capacity problems. The
multileg character, extremely high distributional peaking
of traffic, and local access conflicts created the problems.
Right-of-way constraints precluded major widening.
However, a workable set of design and channelization
solutions was developed. The solution included closure of
a leg, construction of a bypass collector to remove some
traffic from the intersection, rechannelization of the intersection with multiple turning lanes, and an area-wide
traffic control system. The key feature of this case is the
combination of geometric, control, and channelization
elements that comprised the solution.
Intersection 35 (U.S. Route 1 and 1A, Franklin
County, North Carolina), a rural intersection, in its prereconstructed state is typical of many overchannelized
designs found nationwide. They are characterized by multiple islands, many path choices, and unclear right-of-way
or prioritization of movements. The operational characteristics of such intersections tend to create problems under moderate to high traffic volumes.
The solution shown represents a good illustration of a

principle that most engineers espouse. Channelization
should be simple and direct. Designers should use conventional means of achieving solutions to assure compatibility with driver expectations. Simple designs are
more readily understood, less costly to construct, and
easier to maintain.
Intersection 36 (Mission Street and Westlake Avenue,
Daly City, California) illustrates the importance of considering pedestrian safety in intersection design and operation. In this example, a wide, moderate-speed arterial
carrying substantial through traffic imposes difficulties on
pedestrians attempting to cross it. Signalization and median channelization solved the problem. Also, the type of
channelization and traffic control assured minimal impacts on the flow of through traffic.
Intersection 37 (Broadway/ Clinton/ South Street,
Concord,New Hampshire) is an excellent example of the
application of simple channelization to achieve significant
improvement in operations. The keys were to close up
and simplify the multileg intersection, control access
in the immediate vicinity, and provide lane arrangements and signalization that accommodate the major
movements.
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INTERSECTION NO. 34 -- CASE STUDY IN RECONSTRUCTION

/

Roswell Road (U.S. Route 19/State Route 9),
Piedmont Road (State Route 237),
Blackland Road and Old Ivy Road

5WELL ROAO

Atlanta, Georgia
(Submitted by Georgia Department of Transportation)
Urban Multi-leg Intersection with High Turning
and Through Traffic Volumes
Prevailing Speeds on Approach Streets -- 30 - 35 mph

TRAFFIC DATA
AC IDENT E)ERI ENCE
1980 AVERAGE
DAILY

(1970)

TRAFFIC

20800

20,350

. Z

30050

li
II

Totai Accidents
Injury Accidents
Property Damage Only
Total Accident Rate
Accidents By Type
Right Angle
Other

11
3
8
0.90 per MEV

8
3

IN

PRE-IMPROVEMENT OPERATIONAL CHARACTER 1ST ICS
This major intersection was a principal bottleneck for traffic in north Atlanta. Roswell Road
and Piedmont Road are two of the three primary arterlals accessing the downtown from the north.
Their convergence creates heavy demands on the intersection, with high volume turns, heavy peak
hour flows, and extreme directional distribution of traffic.
Further compounding the capacity problems are the convergence of Blackland Road and Old Ivy Roads
within the intersection.
This effectively creates a five- leg intersection which necessitated
multiple signal phasing.
In addition, other nearby intersections and high volume driveways to
businesses along Piedmont and Roswell Roads further contributed to traffic congestion.

DESIGN PR INC IPLES APPLIED TO ACHI EVE OPERATIONAL AND SAFETY OBJECTIVES
Increasing the capacity of the intersection and its major approaches was the principal objective. This entailed special consideration of the unusual traffic characteristics (i.e., turns,
directional peaking) and treatment of the confounding geometrics of the location
The objective was achieved by implementation of system solutions such as widening of approaches,
route closures and new street construction; and by reallocation of approach lanes combined with
new signalization schemes. The following channelization principles were applied:

FacilItation of high priority movements
(Major turning movements from Piedmont Road to Roswell Road)

Iroh)bItion of undesirable movements
(Closure of Old Ivy Road to eliminate the fifth leg
of the intersection)

FacilItation of traffic control schemes
(Relocation of Old Ivy Road and establishment of coordinated
signal system for the entire area)
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SIJI4ARY OF DESIGN SOLUTION
The south leg of Roswell Road was widened to 66
feet to provide room for two through lanes in each
direction and a double left bile to Piedmont Road.
Piedmont Road was widened to 60 feet to provide for
a 5-lane section, with 3 lanes Into the Intersection
northbound. This approach was marked for two right turn
lanes and one through lane, with left turns prohibited.
Existing Old Ivy Road was closed at the intersection. A new extension to Habersham Road was bui It to
connect with Old Ivy Road est of the intersection, providing a means of rerouting local traffic away from the
Piedmont/Roswell lntoroctIon.
Traffic signals were installed at Roswell Road and
Habersham Road; and at Piedmont Road and Habersham
Road. These signals were coordinated with the operation
of the Piedmont/Roswell intersection,

1

(a) and (b) The heavy southbound movement from Roswet I Road to Piedmont
Road is served by a double left turn lane. Limited availability of width
requires the use of tO-foot lanes, and a throat width of 26 feet. The
shallow angle of turn partially mitigates the adverse operations of these
minimal dimensions,

i

The northbound approach on
(d)
Roswell Road is widened. The left
turn lane Is offset from the
through lanes with painted chevron
channel ization.

33
-r- •---

_.-... -

(C)
The return movement (Piedmont
to Roswell) is handled with a
double right turn. No left turns
are allowed on this approach, as
they can be easily accommodated
just to the south at Habersham
Road.

-

WA9r--.

(e)
The normal cross section
along Roswell Road to the north
includes a continuous two-way left
turn lane. Note the concentration
of commercial driveways on both
sides of the road.

_-

(f)
A new roadway (Habersham
Road)
acts
as
a
diverter/
circulation roadway to remove
traffic from the major intersection,
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INTERSECTION NO. 35 - CASE STUDY IN RECONSTRUCTION
U.S. Route 1 and U.S. Route 1A
Frankl in County, North Carolina
(Submitted by North Carolina Department
of Transportation)
Rural Intersection with Inappropriate
Channel ization
Prevailing Speeds on Approach Roads -- 40 - 50 mph
TRAFFIC DATA
AIDENT E)a'ERIENcE
(3 Years)

1983
AVERAGE DAILY TRAFFIC

Total Accidents -- 11
1000

PRE- IPIROVEMENT OPERAT I ONAL CHARACTER 1ST I CS
The intersection of U.S. Routes 1 and iA north of Raleigh, North Carolina is typical of many
older intersections of primary highways in rural areas. The two routes Intersect at about a 450
angle, with five very large grassed islands placed to define desirable vehicle paths. Paths that
cross or merge are controlled with stop and yield signs. The original intent of such designs was
to provide as high a level of service for all intersection movements. This was achieved by large
radii for high speed turns, made possible by spreading the intersection across a large area.
While the intersection functioned adequately for many years, Its inherent operational deficiencies surfaced as traffic volumes increased. Such increases led to greater probabilities of
actual vehicle/vehicle conflicts. This necessitated a reexamination of the intersection's safety
and operational priorities, with particular attention to principles of driver expectancy.
The original intersection does not clearly prioritize the various movements. By faci I itating all
turns in a similar manner, the old design in effect equalizes all movements. This results in a
great potential for severe crossing conflicts. In addition, rear-end conflicts between turning
and through vehicles are not sufficiently treated.
DESIGN PRINCIPLES APPLIED TO ACHIEVE OPERATIONAL AND SAFETY OBJECTIVES
The primary design objective was to Improve the safety of the intersection through complete
rechannelization of the intersection. The following design principles were applied:
FacilitatIon of high priority movements
(Redesign of all approaches to clearly priority for U.S. Route 1)
Ramovat of decelerating or stopped vehicles from higher-speed traffic lanes
(Left turn lanes provided off U.S. Route 1, and a right turn lane to U.S. Route 1A)
Controlling of speeds
(Design of radii and turn lanes to promote safe, low speed turns)
Cross Traffic Streams at Right Angles

(Reduction in severe skew)

Separation of Points of Conflict
(Turning lanes of sufficient length separate rear-end conflicts
in advance of the intersection's crossing conflicts)
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SLPIRY OF DESIGN SOLUTION
The entire intersection lsticiosod up," with the
large Is lands removed.
U.S. Route 1A is intersected with U.S. Route 1A at
about 80, thereby partially treating the severe skew,
Left turn lanes are provided on Route 1, and a
right turn lone is piovideiJ from Route I to Route 1A.
All channelization is accomplished with paint
rather than raised islands, with one exception.
The
southwest corner includes a traffic island, whIch is
required because of the right turn lane and turning
rad i us.
A minor road, Secondary Road 1204, Is incorporated
wilirir, the Intersection directly opposite Route 1A.

77
,

ç.

:

a

•

Vs-

Fully shadowed left turn lanes are provided with painted
(a) and (b)
approach tapers.
The long approaches give good advance notice of the
Intersection past the mild horizontal curve,

-

(d)
The more compact, conventional Intersection form provides
clear sight lines, small conflict
areas, and understandable operation for all drivers,

(c)
The right turn lane turns
into a 20-foot wide turning roadway defined by a depressed corner
Is land.
Note the ful I 10-foot
offset of the corner island s

--

(e)
The U.S. Route IA approach
leg is real med to create an angle
of intersection closer to 90%

(f) Right turns from U.S. Route
1A are aided by an 80-foot radius
return.
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INTERSECTION NO. 36
Mission Street (State Route 82) and
Westlake Avenue
Daly City, California
(Submitted by California Department
of Transportation)
Urban Area (Light Commercial)
Prevailing Speeds-- 30 - 40mph
TRAFFIC DATA
1978 P.M.
PEAK HOUR

M1
V

42
842

8

NCIDENT EXPERIENCE
(4 Years)
8 Accidents
7 InjurIes
1 Fatality

—3
..*.-1166 4.
oI

-\
. Qc,
<---

ACCIDENTS BY TYPE
Pedestrian Involved 2
Angle
3
Rear end/Sideswipe
3

PRE- IMPROVEMENT OPERATIONAL CHARACTER I STI CS
Mission Street is a major arterial traversing Daly City.

It provides 6 lanes of traffic, with
parking on both sides and a 6-foot median. Westlake Avenue is a 2-lane residential street carrying minor traffic flows.
Adjacent land use includes light comercial and residential.
Significant pedestrian traffic, Including senior citizens and school children, is generated by a
nearby elementary school , a high school , and a community center on the northwest corner of the
intersection.
The intersection, which is control led by stop signs on both approaches of Westlake Avenue, is
considered hazardous to pedestrians and vehicles attempting to cross Mission Street.
Increases
In traffic on Westlake Avenue are anticipated due to nearby improvements. Recent pedestrianrelated accidents and complaints from local citizens led to study of the intersection.
DESIGN PRINCIPLES APPLIED TO ACHIEVE OPERATIONAL AND SAFETY OBJECTIVES
The primary objective, to enhance the safety of the intersection for all users, was accomplished
through basic changes in the traffic conrtrol scheme. Conversion from stop to signal control
required development of a new channelization plan. The new plan emphasized treatment of left
turning and side street conflicts to minimize potential adverse safety and operational effects.
The fol lowing design principles apply:
Removal of decelerating or stopped vehicles from higher-speed traffic lanes
(addition of left turn lanes on both aproaches of Mission Street)
Provision for pedestrian refuge
(signalization and raised median channel ization)
ProhIbition of undesirable movements
(movements from cross streets near the intersection)
FacilItation of traffic control schemes
(Optimize signal phasing by use of left turn lanes)
DESIGN CONSTRAINTS
Maintenance of on-street parking on both sides of Mission Street was required.
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SARY OF DESIGN SOLUTION
Traffic signals, with pedestrian actuation, were
Installed.
Mission Street was reduced to 2 throuqh lanes in each
direction, with on-street parking maintained.
Raised median channeiization (18 feet) was introduced
to provide protection for new left turn lanes on both

I

approaches of Mission Street.
The median channelizatlon also prevents left turn
access to Gambetta Street from Mission Street, thereby
eliminating potential adverse crossing conflicts with

W!Ir
Ij

-

traffic at the signalized intersection.
lAft turn rhannel i7ation is also provided at Como
Avenue, just to the north of Westlake Avenue. This is
needed to accormodate increased left- and U-turn
traffic resulting from closure of the (.amhptta Street
median opening.

-

(a) The new median ful ly protects
the left turn lane on the
northbound approach to the interNote the use of raised
section.
pavement markers, which are comon
to California.

(b) The roadway transitions from a
This
narrow to an 18-foot median.
18-foot dimension is adequate for
ful I-width left turn lanes, and
protection/refuge for pedestrians
at the intersection.

ilia
Exclusive u-turn channel i(d)
zation just north of Como Avenue
serves southbound traffic from
Gambetta and Como.

The pedestrian crosswalk
(c)
features a median cut for wheelchairs.

OR

The widened median necessi(e)
tates merging of three through
lanes into two.
Large pavement
arrows assist in the transition.

Left turn access at Gambetta
( f)
Street is eliminated through extension of the raised median.
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ECTION NO. 37 -- CASE STUDY IN RECONSTRUCTION
Broadway-Clinton Street (State Route 13)
and South Street
Concord, New Hampshire
(Submitted by New Hampshire Department
of Public Works and Highways)
Urban Multi leg Intersection with Severe
Operational and Safety Problems
Prevailing Speeds on Approach Streets -- 30 mph

TRAFFIC DATA

ACCIDENT EWERI ENCE
(3 Years)

1978 AVERAGE
DAILY TRAFFIC

Total Accidents
Fatal Accidents
Injury Accidents
9820

29
0
5 (7 Injuries)

Property Damage Only 24
Accidents By Type

5060

Angle/TurnIng
Single Vehicle

20
4

Pedestrian/Bicycle

1

Rear end

2

Head on

1

Other

PRE- IMPROVEMENT OPERATIONAL CHARACTER 1ST I CS
This multi-leg intersection of minor arterials and local streets requires reconstruction because
of its poor operational and safety characteristics.
The convergence of South Street, a major route to downtown Concord, Broadway, Clinton and Downing
Streets and these streets at a range of skew angles, results in an extremely large intersection.
Channelization is minimal, and vehicles proceeding through the intersection wander cross the open
area. Turning movements are difficult because of the multiple crossing conflict points and the
large exposure area. Significant delays to CBD-bound vehicles following State Route 13, which
proceeds from South Street to Clinton Street, occur throughout the day. The difficulty of such
turns is evidenced by the large number of right angle and turning related accidents over three
years.
Further compounding the problem is the large number of business driveways near the intersection s
Side friction and turning conflicts with vehicles accessing these businesses is a major concern.

DES I ON PR I NC IPLES APPLI ED TO ACHI EVE OPERATIONAL AND SAFETY OBJECT I YES
A combination of significant reconstruction and signalization is necessary to improve both intersection operations and safety.
In particular, turning movements from Broadway and Clinton
Streets, and other minor street and driveway movements are to be addressed. The proposed plan
reflects a number of important channelization principles:

Definition of vehicular paths
(Closing up open pavement area and providing positive channelization)

SeparatIon of points of conflict
(Redesign separates a fifth leg from the intersection)

Crossing at right angles
(A right-angle crossing eliminates approach skew angles)

Faciiitation of traffic control schemes
(Construction of conventional 4-leg intersection with turning
lanes enables range of signal phasing schemes)

Prohibition of undesirebi. movements
(Control of access to eliminate driveway conflicts)
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StARY OF DESIGN SOLUTION
A new Intersection is to be constructed slightly
south of the existing Intersection.

A convenience

store/service station will be taken to provide the
necessary right of way. The new Intersection will be a
conventional, 4-leg signalized Intersection.
Separation from Downing Street and elimination of
left turn access at Downing Street remove conflicts from
iliis furine, (if Iii ley.
Separate turning ianes and signal phases for each
approach will maximize the intersection's operational
flexibility.
Raised median channelization on all approaches will
eliminate left turn driveway conflicts near the Intersection.

This view along Broadway
(a)
looking north to South Street
shows the open expanse of pavement
of the existing Intersection.

Heavy turning volumes from
(d)
Broadway to South Street, Broadway
to Clinton and Clinton to South
Street create many opportunities
for angle, sideswipe and rearend
accidents.

Cross traffic from West
(b)
Street and businesses along
Broadway add conflicts to the
Intersection and complicate the
driving task.

The Clinton Street to South
(e)
Street left turn operates at a
poor level of service throughout
This heavy left turn
the day.
operates under stop control, which
creates substantial queues and
long delays.

(c) The triangular traffic Island
in the middle of the Intersection
serves no channel izatlon function.

The proposed design will
(f)
eliminate this wide open intersection, and better define all
traffic movements.

Intersection No. 1

U.S. ROUTE 65 AND STATE ROUTE 175
Hardin.County, Iowa

Submitted By:
Iowa Department of Trnsporytation
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DESIGN YEAR TRAFFIC
1997 AVERAGE
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V
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ACCIDENT EXPERIENCE
AFTER CONSTRUCTION

2100
1200

>

('5 years--1980-1984)
Total Accidents
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0

uuI...---z
Scale 1"= 100'
4

mp

<(C)'

(
STOP

(c)

ACCIDENT EXPERIENCE
AFTER CONSTRUCTION
(10/26/81 - 12/31/83)
Total Accidents
Fatal Accidents
Injury Accidents

Additional traffic control features
(flashing beacons, grooved rumble
strips, additional stop signs, larger
warning signs) were implenented in
March 1983.

Intersection No. 2

US. ROUTE 24 AND U.S. ROUTE 81
Cloud County, Kansas

Submitted By:
Kansas Department

of

Transportation

Centerline exist/n9
road.

DESIGN YEAR TRAFFIC
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I

2000 AVERAGE
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U.S. ROUTE 74 AND SECONDARY ROUTE 1001
Columbus County, North Carolina

CONSTRUCTION COST DATA
Estimated Construction Cost $60,000
(500 feet each side of intersection)

Submitted By:
North Carolina Department of
Transportation
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CONSTRUCTION COST DATA
(Year of Construction--1983)

STORE
5CHOOL
ACCIDENT EXPERIENCE
AFTER CONSTRUCTION
(9/83 - 5/84)
Total Accidents

18*

Accidents By Type
Rear-end
Turning
Other

1
6
11*

*9 accidents are classified as nonreportable, i.e., resulting in only
very minor property damage.

(Otm aocic

Total Cost of Construction $132,000
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Intersection No. 4

A
(co

20'

U.S. ROUTE 1 AND STATE ROUTE ]25/
HOPII(JCKS ROAD
Mamaroneck, New York

Submitted By:
New York Department of Trans pert ation

Intersection No. 5
sJsY OF DESIGN SOLUTION
(1) The ramp terminal intersects at near right angles
to the cross street. Widening of the pavement results
in separate channel ized right turns and a 2-lane left
turn.
Through

movements

are

separated

by

a

U.S. ROUTES 71, 165 AND 167 AND
RMP FROM INTERSTATE;, 49

median.

Alexandria, Louisiana

Channelizatlon of the median essentially prevents
wrong-way left turns from the eastbound roadway. Westbound wrong-way right turns are inhibited by the right
angle Intersection and very small corner radius.

turn.

'1

Median channel Ization facilitates the double left
Note the 34-foot pavement used by this movement,

and the large throat area.

/

1 L' I

Arrangement of all radii, islands, curb returns and
tapers

facilitates

operation

of

the traffic signal.
Stop lines can be placed close to conflicting traffic to
minimize clearance times. Separation of right and left
turns is possible through long, separate lanes. Placement and operation of traffic signals is readily

Scale: 1" = 50'

accomplished due to the compact and simple nature of the
Intersection.
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Intersection No. 6

C

CONSTRUCTION COST DATA

STATE ROUTE 191 AND WEST WATMAUGH R1I)

(Year of Estimate--1983)

Sonoma County, California

Estimated Cost of Construction $182,000
Roadwork
Traffic Control
Drainage
Signing and Striping
Right of Way
Contingencies and Other

Submitted By:
California Department

of

Transportation

$110,000
10,000
10,000
8,500
15,000
28,500

SIJISARY OF DESIGN SOLUTION
Z

Route 116 is widened to provide a full-width turning lane for storage of left turning traffic.

23'

West Watmaugh Road is reconstructed to provide a
perpendicular, tangent intersection.

A right turn lane with acceleration taper is provided for the north to west turning movement onto State
Route 116.

L
Total

$ 182,000

East to north right turns onto West Watmaugh Road
are accomodated by a deceleration taper.
The realinement and channelization have the effect
of greatly improving sight distance from West Watmaugh
Road.
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Intersection No.. 7

CONSTRUCTION COST DATA

STATE IDJTE 101 MD STATE R($JTE 1511
P0RTIOUTh AVENUE

(Year of Construction--1979)
Greenland, New Hampshire
Total Cost of Construction $401,000
(Includes construction, right-of-way,
engineering and traffic control)

Submitted By:
New Hampshire Department

of

Transportation
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Intersection No. 9

CONSTRUCTION COST DATA

PENNSYLVANIA AVENUE N.W. AND
CONSTITUTION AVENUE, N.W.

(Year of Estimate--1982)

Washington, D.C.

Estimated Cost of Construction $1,080,000

Submitted By:
District of Columbia Department of
Public Works

Intersection No. 10

MAIVIIOTH ROAD., CANDIA ROAD, HANARD
STREET AND MASSABESIC STREET

CONSTRUCTION COST DATA
(Year of Construction--lgJg)

Manchester, New Hampshire
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Submitted By:

Total Cost of Construction $635,000
Construction
Right-of-Way
Engineering
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ACCIDENT EXPERIENCE
AFTER CONSTRUCTION

AFTER IMPROVEMENT
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(6.5 Years--1978-1984)
Intersection No. 12

U.S. ROUTE 10 ANI) FRALEE STREET
Detroit Lakes, Minnesota

Total Accidents
Fatal Accidents
Injury Accidents
Property Damage
Only Accidents

0
4
5

Accidents By Type
Submitted By:
Minnesota Department of Transportation
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Intersection No. 13

1ST AVENUE NORTH AND EXPOSITION DRIVE
Billings, Montana
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Intersection No. 14
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STATE ROUTE 138 AND STATE ROUTE 85

CONSTRUCTION COST DATA
(Year of Estimate--1980)

C.

180(150)
230 (450)
50(150)

Estimated Cost of Construction $95,000
000
(SI

. .

00-A.M.
(00)-P.M.

000
(SI

Clayton County, Georgia

Submitted By:

Georgia Department of Transportation

Intersection No. 15

U.S. ROUTE 3 AND U.S. ROUTE 202
(I NTERSTATE 393 CONNECTOR)
Concord, New Hampshire
Submitted By:
Scale 1"= 50'
New Hampshire Department of Public Works
and Highways
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DESIGN YEAR TRAFFIC

A

(e)

2000 PEAK HOUR

CONSTRUCTION COST DATA
(Year of Estimate--1982)

&goo

560 (650)
830 (800)

in
00-AM.

(00)-P.M.

00
C)

Estimated Cost of Construction $2,246,000*
Roadwork*
Bridges*
Traffic Signals
Right-of-Way
Engineering
Other
Total

$ 955,000
942,000
98,000
35,000
145,000
71,000
$2,246,000

*project included bridge widening on 1-393 connector,
Costs are for approximately 0.19 miles of work.
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Intersection No. 16
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ACCIDENT EXPERIENCE
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Merriam, Kansas

(2.5 Years--1980-1982)
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Total Accidents
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Fatal Accidents
0
Injury Accidents 11
Property Damage
Only Accidents 16
Accidents By Type
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CONSTRUCTION COST DATA
(Year of Construction--1979)

Angle/Turning
Rear-end
Head on
Sideswipe

Total Cost of Construction $253,000
(Includes grading, surfacing, signalization,
pavement markings and landscaping)
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Intersection No. 22

U.S. ROUTE 41 AND IJELANY ROAD
Lake County, Illinois
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Lake County Highway Department
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Bakersfield, California
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Atlanta; Georgia
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Estimated Cost of Construction $77,500
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Franklin County, North Carolina
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Intersection No. 37 /
CONSTRUCTION COST DATA
(Year of Estimate--1984)
BROADWAY-CLINTON STREET
(STATE ROUTE 13) AND SOUTH STREET
Concord, New Hampshire
Submitted By:
New Hampshire Department of
Public Works and Highways
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Estimated Cost of Construction $1,416,000
Roadwork
Right-of-way
Traffic Signals
Utilities
,
Landscaping
Preliminary Engineering
Total

$

877,000
285,000
42,000
47,000
51000
160,000
$1,416,000
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TRANSPORTATION RESEARCH BOARD
Naflonal Ro.earch Council
2101 ConstitutIon Avenue, N.W.
Washington, D.C. 20418
ADDRESS CORRECTION REQUESTED

