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FOREWORD

By B. Ray Derr
Staff Officer
Transportation Research Board

This report updates the FHWA’s Roundabouts: An Informational Guide based on experi-
ence gained in the United States since that guide was published in 2000. The report
addresses the planning, design, construction, maintenance, and operation of roundabouts.
It also includes information that will be useful in explaining to the public the trade-offs asso-
ciated with roundabouts.

In 2000, the FHWA published Roundabouts: An Informational Guide. NCHRP Synthesis
264: Modern Roundabout Practice in the United States estimated that there were 38 modern
roundabouts (i.e., those consistent with current international practice) as of October 1997.
Since U.S. experience was limited, the FHWA Roundabout Guide was based largely on
European and Australian guidelines.

Publication of the FHWA Roundabout Guide has fostered acceptance of the roundabout
as a viable alternative for intersection design, leading to more than 2,000 roundabouts across
the United States. Extensive use of the Roundabout Guide and completion of national and
state research efforts identified many possible improvements. Recognizing this, the NCHRP
and the FHWA jointly funded an NCHRP project to update the Roundabout Guide.

In NCHRP Project 3-65A, Kittelson & Associates, Inc., reviewed the literature and
research conducted since the publication of the FHWA Roundabout Guide. They then con-
ducted focus groups of practitioners to identify concerns with the original guide and ideas
for improvements. After achieving consensus with the project oversight panel on an out-
line, they developed the new guide and refined it through an extensive review process.

The Second Edition of Roundabouts: An Informational Guide will be useful to anyone
interested in evaluating or building a roundabout. The experience of the research team, cou-
pled with the extensive review, has led to an authoritative, but not prescriptive, guide on
roundabouts.



AUTHOR ACKNOWLEDGMENTS

This guide was developed through the National Cooperative Highway Research Program Project 03-
65A, Update of FHWA’s Roundabouts: An Informational Guide. The international project team consisted
of Lee Rodegerdts (principal investigator), Justin Bansen, Julia Knudsen, Christopher Tiesler, and Edward
Mpyers, Kittelson & Associates, Inc. (prime contractor); Mark Johnson, MT] Engineering; Michael Moule,
Livable Streets Inc.; Bhagwant Persaud and Craig Lyon, Persaud and Lyon; and Shauna Hallmark and
Hillary Isebrands, Center for Transportation Research and Education, Iowa State University. In addition,
the team had three international advisors: R. Barry Crown (United Kingdom), Bernard Guichet (France),
and Andrew O’Brien (Australia). Ralph Bentley, John Henriksen, Jon Sommerville, and Bonnie Middle-
ton of Kittelson & Associates, Inc., assisted with exhibits and production.

The authors thank each of the panel members for their diligence in providing quality direction and
review throughout the project. Additional review was provided by Carl Andersen, FHWA; Mark Lenters,
Ourston Roundabout Engineering; Howard McCulloch, New York State Department of Transportation;
Patrick McGrady, Reid Middleton; and Eugene Russell, Kansas State University.

The authors also profoundly thank the authors and reviewers of the first edition, which formed the
foundation for this document. The first edition of this guide was groundbreaking in many ways, partic-
ularly in combining many of the best roundabout practices from around the world with principles, tech-
niques, and policies in place in the United States. Without the collaborative work of this group, this sec-
ond edition would not be possible. The acknowledgments that were intended to be published with the
first edition are included below.

ACKNOWLEDGMENTS FROM FIRST EDITION

This guide was developed as part of the Federal Highway Administration project DTFH61-97-R-0038.
The international project team consisted of Kittelson & Associates, Inc. (prime contractor) in association
with Rod Troutbeck of the Queensland University of Technology (Australia); Werner Brilon and Lothar
Bondzio of Ruhr-University Bochum (Germany); Ken Courage of the University of Florida; Michael Kyte
of the University of Idaho; John Mason and Aimee Flannery of Pennsylvania State University; Edward
Myers of Hurst-Rosche Engineers; Jonathan Bunker of Eppell Olsen & Partners (Australia); and Georges
Jacquemart of Buckhurst Fish and Jacquemart. Michael Ronkin and Thomas Ronkin provided transla-
tion of the French guides for urban roundabouts, rural roundabouts, and roundabout lighting.

Bruce Robinson was the principal investigator for Kittelson & Associates, Inc. Co-investigators were
Lee Rodegerdts and Wade Scarbrough. Wayne Kittelson was the project principal. Paul Ryus and
Christoff Krogscheepers assisted with review, editing, and production. Ralph Bentley and John Henrik-
sen assisted with exhibits and production.

Joe G. Bared was the technical representative for the Federal Highway Administration at the Turner-
Fairbank Highway Research Center.

The project advisory panel consisted of John Sacksteder of the Kentucky Department of Transporta-
tion and AASHTO (Geometric Design Committee); Larry Sutherland of the Ohio Department of Trans-
portation and AASHTO (Geometric Design Committee); Mike Neiderhauser of the Maryland State High-
way Administration; Michael Thomas of the California Department of Transportation; and Leif Ourston
of Ourston & Doctors, Inc. Several FHWA advisors as well as many other reviewers represented various
departments, including Raymond Krammes, Davey Warren, Bill Prosser, Carol Tan-Esse, Rudolph
Umbs, Janet Coleman, Ernest Huckaby, and John Fegan.

In addition, we are indebted to many individuals, organizations, and committees, too numerous to
name, who provided voluminous comments on draft versions of the guide. In particular, the extraordi-
nary efforts of the following contributors are acknowledged: Barry Crown (United Kingdom); Owen
Arndt of the Main Roads Department of Queensland (Australia); Bernard Guichet (France); Michael
Moule, formerly of the City of Asheville, North Carolina; and Lois Thibault of the U.S. Access Board.



PREFACE

Roundabouts are a common form of intersection control used throughout the world and
increasingly in the United States. The information supplied in this document builds exten-
sively on the first edition published in 2000 by the Federal Highway Administration and is
based on established and emerging U.S. practices and recent research. The guide continues
to be comprehensive in recognition of the diverse needs of transportation professionals and
the public for introductory material, planning and design guidance, operational and safety
performance evaluation techniques, construction and maintenance information, and the
wide range of potential applications of roundabouts.

Selection and design of a roundabout, as with any intersection treatment, requires the
balancing of competing objectives. These range from transportation-oriented objectives like
safety, operational performance, and accessibility for all users to other factors such as eco-
nomics, land use, aesthetics, and environmental aspects. Sufficient flexibility is provided to
encourage independent designs and techniques tailored to particular situations while
emphasizing performance-based evaluation of those designs.

Since there is no absolutely optimum design, this guide is not intended as an inflexible
rule book but rather attempts to explain some principles of good design and indicate poten-
tial trade-offs that one may face in a variety of situations. In this respect, the principles and
techniques in this document must be combined with the judgment and expertise of engi-
neers, planners, and other professionals. Adherence to these principles still does not ensure
good design, which remains the responsibility of the professionals in charge of the work.

Much as one cannot become a master chef merely by reading cookbooks, one cannot
become a master roundabout planner or engineer solely by reading this guide. However,
professionals can combine the principles in this guide with their own experiences and judg-
ment and with the continually growing wealth of experience in our respective professions
to produce favorable outcomes that benefit the traveling public and our communities.

Lee A. Rodegerdts, P.E.
Principal Investigator
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1.1 INTRODUCTION

A roundabout is a form of circular intersection in which traffic travels
counterclockwise (in the United States and other right-hand traffic countries)
around a central island and in which entering traffic must yield to circulating
traffic. Exhibit 1-1 is a drawing of a typical roundabout, annotated to identify the
key characteristics. Exhibit 1-2 provides a description of each of the key features.

1.2 DISTINGUISHING CHARACTERISTICS
OF A ROUNDABOUT

Traffic circles have been part of the transportation system in the United
States since at least 1905 when one of the first circles, known as the Columbus
Circle in New York City, was designed by William Phelps Eno. Subsequently,
many large circles or rotaries were built in the United States. The prevailing
designs enabled high-speed merging and weaving of vehicles. Priority was given
to entering vehicles, facilitating high-speed entries. Yet, high crash experience
and congestion in the circles led to rotaries falling out of favor in America after
the mid-1950s. Internationally, the experience with traffic circles was equally
negative, with many countries experiencing circles that locked up as traffic
volumes increased.

The modern roundabout was developed in the United Kingdom to rectify
problems associated with these traffic circles. In 1966, the United Kingdom
adopted a rule at all circular intersections that required entering traffic to give

Exhibit 1-1
Key Roundabout
Characteristics

Key roundabout features
include a generally circular
shape, yield control of entering
traffic, and geometric curvature
and features to induce desirable
vehicular speeds.

Splitter islands have multiple
roles: separate entering and
exiting traffic, deflect and slow
entering traffic, and provide a
pedestrian refuge.

The modern roundabout was
developed in the United
Kingdom in the 1960s.

Chapter 1/Introduction Page 1-3
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Exhibit 1-2
Description of Key
Roundabout Features

Modern roundabouts provide
substantially better operational
and safety characteristics than
older traffic circles and rotaries.

Types of circular intersections.

Feature Description

The central island is the raised area in the center of a roundabout around
which traffic circulates. The central island does not necessarily need to be
circular in shape. In the case of mini-roundabouts the central island is
traversable.

Central island

A splitter island is a raised or painted area on an approach used to separate
Splitter island entering from exiting traffic, deflect and slow entering traffic, and allow
pedestrians to cross the road in two stages.

Circulatory The circulatory roadway is the curved path used by vehicles to travel in a
roadway counterclockwise fashion around the central island.

An apron is the traversable portion of the central island adjacent to the
circulatory roadway that may be needed to accommodate the wheel tracking
of large vehicles. An apron is sometimes provided on the outside of the
circulatory roadway.

Apron

The entrance line marks the point of entry into the circulatory roadway. This
line is physically an extension of the circulatory roadway edge line but

Entrance line functions as a yield or give-way line in the absence of a separate yield line.
Entering vehicles must yield to any circulating traffic coming from the left
before crossing this line into the circulatory roadway.

For roundabouts designed with pedestrian pathways, the crossing location is

Accessible typically set back from the entrance line, and the splitter island is typically
pedestrian cut to allow pedestrians, wheelchairs, strollers, and bicycles to pass through.
crossings The pedestrian crossings must be accessible with detectable warnings and

appropriate slopes in accordance with ADA requirements.

Landscape strips separate vehicular and pedestrian traffic and assist with
guiding pedestrians to the designated crossing locations. This feature is

Landscape strip  particularly important as a wayfinding cue for individuals who are visually
impaired. Landscape strips can also significantly improve the aesthetics of
the intersection.

way, or yield, to circulating traffic. This rule prevented circular intersections from
locking up by not allowing vehicles to enter the intersection until there were suffi-
cient gaps in circulating traffic. In addition, smaller circular intersections were
proposed that required adequate horizontal curvature of vehicle paths to achieve
slower entry and circulating speeds.

These changes improved the safety characteristics of the circular intersections
by reducing the number and the severity of crashes. The modern roundabout rep-
resents a significant improvement, in terms of both operations and safety, when
compared with older rotaries and traffic circles (1-3). Therefore, many countries
have adopted the modern roundabout as a common intersection form, and some
have developed extensive design guides and methods to evaluate the operational
performance of modern roundabouts.

1.2.1 OTHER TYPES OF CIRCULAR INTERSECTIONS

Roundabouts are but one type of circular intersection. In fact, there are at least
four distinct types:

1. Roundabouts are a subset of circular intersections with specific design and
traffic control features. These features include yield control of all entering
traffic, channelized approaches, and geometric curvature and features to
induce desirable vehicular speeds.
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2. Rotaries (see Exhibit 1-3), an old-style circular intersection common to the
United States prior to the 1960s, are characterized by a large diameter [often
greater than 300 ft (100 m)]. The diameter of a rotary is primarily a conse-
quence of the length of the weaving section required between intersection
legs. Unlike the modern roundabout, lane changes are typically required
within a rotary for some movements. In addition, some rotaries operate with
circulating traffic yielding to entering traffic, which can create congestion
on the circulatory roadway. Circulating speeds are high due to the large
diameter, making maneuvers within the circle more challenging.

Exhibit 1-3
Example of a Rotary

Fort Worth, Texas

3. Signalized traffic circles are old-style circular intersections used in some
cities in the United States where traffic signals are used to control
one or more entry—circulating point. As a result, signalized traffic
circles have distinctly different operational characteristics from yield-
controlled roundabouts, with queue storage within the circulatory
roadway and progression of signals required. Exhibit 1-4 provides
an example of a signalized traffic circle. Note that signalized traffic
circles are distinct from roundabouts with pedestrian signals, as
the entry—circulating point at a roundabout is still governed by a
yield sign.

4.  Neighborhood traffic circles are typically built at the intersections of local
streets for reasons of traffic calming and/or aesthetics. The intersection
approaches may be uncontrolled or stop-controlled. They do not typically
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Exhibit 1-4
Example of a Signalized
Traffic Circle

(a) Hollywood, Florida

(b) Cape Town, Western Cape, South Africa

include raised channelization to guide the approaching driver onto the
circulatory roadway. At some traffic circles, left-turning movements
for larger vehicles are allowed to occur in front of the central island,
potentially conflicting with other circulating traffic. Exhibit 1-5 shows
examples of typical neighborhood traffic circles. The example in Portland,
Oregon, is an all-way stop-controlled intersection; the example in Seattle,
Washington, is uncontrolled.

There are cases in which a rotary or traffic circle has been successfully retrofit-
ted with a modern roundabout design. While it may be difficult to incorporate all
of the design features and characteristics of a modern roundabout, if the primary
design principles are achieved, the retrofitted intersection may still operate
efficiently and safely as a roundabout.
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Exhibit 1-5
Example of Neighborhood
Traffic Circles

(a) Portland, Oregon

(b) Seattle, Washington

Exhibit 1-6 provides two examples of intersections that were converted to
modern roundabouts from older rotary designs. The Long Beach, California,
example retains the original diameter of the rotary but improves the design of
the entries. The Kingston, New York, example has a new roundabout built
inside the old rotary; the photograph was taken partway through the conver-
sion process.

Since the purpose of this guide is to assist in the planning, design, and perfor- Circular intersections that do
luati f dabout t oth ircular int H itisi tant not conform to the character-
mance evaluation of roundabouts, not other circular intersections, it is importan istics of modern roundabouts
to be able to distinguish between them. These distinctions may not always be obvi- are called “traffic circles” in
this guide.

ous, and rotaries or neighborhood traffic circles (hereafter referred to as “traffic
circles”) may be mistaken for a roundabout by the public or even technical staff.
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Exhibit 1-6
Conversions of Rotaries
to Roundabouts

(a) Long Beach, California

(b) Kingston, New York

Therefore, the ability to carefully distinguish roundabouts from other circular
intersections is important.

1.2.2 COMPARISON OF FEATURES BETWEEN ROUNDABOUTS
AND OTHER CIRCULAR INTERSECTIONS

Exhibit 1-7 identifies some of the major characteristics of roundabouts and
contrasts them with other circular intersections. Note that all circular intersections
should have counterclockwise rotation in the United States and other countries
with right-hand traffic, except in specific instances where larger trucks need to
turn left in front of the central island. Some of the traffic circles shown have many
of the features associated with roundabouts but are different in one or more critical
areas. Note also that these characteristics apply to yield-controlled roundabouts;
signalized roundabouts are a special case discussed in later chapters.

1.2.3 ADDITIONAL DESIGN FEATURES

In addition to the design characteristics identified in the previous section,
roundabouts often include one or more additional design features intended to
enhance the safety and/or capacity of the intersection. However, their absence
does not necessarily preclude an intersection from operating as a roundabout.
These additional features are identified in Exhibit 1-8.
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Roundabouts Traffic Circles

Traffic Control

Yield control is used on all entries. The Some traffic circles use stop control, or no
circulatory roadway has no control. control, on one or more entries.
(a) Santa Barbara, California (b) Howard County, Maryland

Priority to Circulating Vehicles

Circulating vehicles have the right-of-way. Some traffic circles require circulating traffic to
yield to entering traffic.

c) Juneau, Alaska .
© (d) Paris, France

Direction of Circulation

All vehicles circulate counterclockwise and pass ~ Some neighborhood traffic circles are so small
to the right of the central island. that large vehicles may need to pass to the left
of the central island.

(f) Portland, Oregon
(e) Sherwood, Oregon

: An Informational Guide

Exhibit 1-7
Comparison of Roundabouts
with Traffic Circles
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Exhibit 1-8
Common Roundabout
Design Features

Adequate Speed Reduction

Good roundabout design requires entering vehicles Some roundabouts allow high-speed entries for
to negotiate the roundabout at slow speeds. Once  major movements. This increases the risk for
within the circulatory roadway, vehicle paths are more severe crashes for vehicles, bicycles, and
further deflected by the central island. pedestrians.

(b) Bradenton Beach, Florida
(a) Ladera Ranch, California

Design Vehicle

Good roundabout design makes accommodation for Some roundabouts may not be designed to
the appropriate design vehicle. This may require the accommodate large vehicles that periodically
use of an apron. approach the intersection.

d) Naples, Florida
(c) Lothian, Maryland (d) Nap

1.3 CATEGORIES OF ROUNDABOUTS

For the purposes of this guide, roundabouts have been separated into three
basic categories according to size and number of lanes to facilitate discussion of
specific performance or design issues: mini-roundabouts, single-lane roundabouts,
and multilane roundabouts.

Note that separate categories have not been explicitly identified for rural,
urban, and suburban areas. Roundabouts in urban areas may require smaller
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Entry Flare

Splitter Island

Flare on an entry to a roundabout is the widening
of an approach to multiple lanes to provide
additional capacity and storage at the entrance
line.

All but some mini-roundabouts have raised splitter
islands. These are designed to separate traffic
moving in opposite directions, deflect entering
traffic, and to provide opportunities for pedestrians

to cross in two stages. Mini-roundabouts may have
splitter islands defined only by pavement
markings.

(e) Long Beach, California () Lawrence, Kansas

Pedestrian Crossing Locations Parking

Pedestrian crossings are located only across the
legs of the roundabout, typically separated from
the circulatory roadway by at least one vehicle
length.

No parking is allowed within the circulatory
roadway or at the entries. Parking maneuvers
within the intersection, as is the case at some
traffic circles, interfere with circulatory flow and
present a potential safety hazard.

(9) Coralville, lowa (h) Orange, California

inscribed circle diameters due to smaller design vehicles and existing right-of-way
constraints. They may also include more extensive pedestrian and bicycle features.
Roundabouts in rural areas typically have higher approach speeds and thus
may need special attention to visibility, approach alignment, and cross-sectional
details. Suburban roundabouts may combine features of both urban and rural
environments.

Exhibit 1-9 summarizes and compares some fundamental design and opera-
tional elements for each of the three roundabout categories. The following sections
provide a qualitative discussion of each category.

: An Informational Guide

Exhibit 1-8 (cont.)
Common Roundabout
Design Features
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Exhibit 1-9
Roundabout Category
Comparison

Design characteristics of the
three roundabout categories.

Mini-roundabouts can be

useful in low-speed urban
environments with right-of-way
constraints.

Exhibit 1-10
Features of Typical
Mini-Roundabout

Single-Lane Multilane
Design Element Mini-Roundabout Roundabout Roundabout
Desirable maximum entry 15 to 20 mph 20 to 25 mph 25 to 30 mph
design speed (25 to 30 km/h) (30 to 40 km/h) (40 to 50 km/h)
Maximum number of
entering lanes per 1 1 2+
approach
Typical inscribed circle 45 to 90 ft 90 to 180 ft 150 to 300 ft
diameter (13 to 27 m) (27 to 55 m) (46 to 91 m)
Central island treatment Raised (may have Raised (may have
Fully traversable
traversable apron) traversable apron)
Typical daily service
volumes on 4-leg Up to
roundabout below which Up to . P
may be expected to approximately Up to approximately approximately
. . 25,000 45,000 for two-lane
operate without requiring a 15,000
h . - roundabout
detailed capacity analysis
(veh/day)*

*QOperational analysis needed to verify upper limit for specific applications or for roundabouts with
more than two lanes or four legs.

In most cases, roundabouts in all three categories are designed with pedes-
trian and bicycle facilities; however, in some instances a jurisdiction may choose
to not provide these features if these types of users are not anticipated or can be
better served in another location.

1.3.1 MINI-ROUNDABOUTS

Mini-roundabouts are small roundabouts with a fully traversable central
island. They are most commonly used in low-speed urban environments with
average operating speeds of 30 mph (50 km/h) or less. Exhibit 1-10 shows the
features of typical mini-roundabouts, and Exhibit 1-11 provides an example.
They can be useful in such environments where conventional roundabout design

Little or no additional
Fully mountable pavement required

central island

Perpendicular \/
pedestrian
crossing ‘

Striped or mountable
splitter island
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Exhibit 1-11
Example of Mini-Roundabout

Dimondale, Michigan

is precluded by right-of-way constraints. In retrofit applications, mini-roundabouts
are relatively inexpensive because they typically require minimal additional
pavement at the intersecting roads and minor widening at the corner curbs. They
are mostly recommended when there is insufficient right-of-way to accommodate
the design vehicle with a traditional single-lane roundabout. Because they are
small, mini-roundabouts are perceived as pedestrian-friendly with short crossing
distances and very low vehicle speeds on approaches and exits.

A fully traversable central island is provided to accommodate large vehicles
and serves one of the distinguishing features of a mini-roundabout. The mini-
roundabout is designed to accommodate passenger cars without requiring them
to traverse over the central island. The overall design of a mini-roundabout
should align vehicles at entry to guide drivers to the intended path and minimize
running over of the central island to the extent possible.

1.3.2 SINGLE-LANE ROUNDABOUTS

This type of roundabout is characterized as having a single-lane entry at all
legs and one circulatory lane. Exhibit 1-12 shows the features of typical single-lane
roundabouts, and Exhibit 1-13 provides examples. They are distinguished from
mini-roundabouts by their larger inscribed circle diameters and non-traversable
central islands. Their design allows slightly higher speeds at the entry, on the
circulatory roadway, and at the exit. The geometric design typically includes
raised splitter islands, a non-traversable central island, crosswalks, and a truck
apron. The size of the roundabout is largely influenced by the choice of design
vehicle and available right-of-way.

1.3.3 MULTILANE ROUNDABOUTS

Multilane roundabouts have at least one entry with two or more lanes. In
some cases, the roundabout may have a different number of lanes on one or
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Exhibit 1-12
Features of Typical Single-
Lane Roundabout

Raised splitter
island

Truck apron
(if required)

Non-mountable
central island

Landscape buffer Single lane entrance,

exit, and circulatory
roadway

Exhibit 1-13
Examples of Single-Lane
Roundabouts

(a) Dublin, Ohio

(b) Skagit County, Washington
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more approaches (e.g., two-lane entries on the major street and one-lane
entries on the minor street). They also include roundabouts with entries on

one or more approaches that flare from one to two or more lanes. These require
wider circulatory roadways to accommodate more than one vehicle traveling
side by side. Exhibit 1-14 through Exhibit 1-16 provide examples of typical
multilane roundabouts. The speeds at the entry, on the circulatory roadway,
and at the exit are similar or may be slightly higher than those for the single-
lane roundabouts. The geometric design will include raised splitter islands,
truck apron, a non-traversable central island, and appropriate entry path
deflection.

Exhibit 1-14
Features of Typical Two-Lane
Number of circulatory Truck Roundabout
roadway lanes based .fruc a}prgn
upon approach (if required)
lane configurations
i _ / ry — — —
[ <
)
_ — — 1 /\_ _ — —
AAAAAA L ’ — \\L .
Rai itt:
Landscape buffer i s?a:?:jd splitter
Non-mountable
. Two entry lanes on one
central island
or more approaches
Exhibit 1-15

Features of Typical

Number of circulatory Three-Lane Roundabout

roadway lanes based
upon approach
lane configurations

Truck apron
(if required)

,,,,,,

Raised splitter

Landscape buffer island

Three entry lanes
on one or more
approaches

Non-mountable
central island
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Exhibit 1-16
Examples of Multilane
Roundabouts

(a) Bend, Oregon

(b) Carmel, Indiana

(c) Wisconsin Rapids, Wisconsin
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1.4 SCOPE OF THE GUIDE

This guide provides information and guidance on roundabouts, resulting in
designs that are suitable for a variety of typical conditions in the United States.
The scope of this guide is to provide general information, planning techniques,
evaluation procedures for assessing operational and safety performance, design
guidelines for roundabouts, and principles to be considered for selecting and
designing roundabouts. The most important principles will be highlighted in
the margins throughout this document.

This guide has been developed with the input of transportation practitioners
and researchers from around the world. In many cases, items from national and
international practice and research indicate considerable consensus, and these
items have been included in this guide. However, other items have generated con-
siderable differences of opinion (e.g., methods of estimating capacity), and some
practices vary considerably from country to country (e.g., marking of the circula-
tory roadway in multilane roundabouts). Where international consensus is not
apparent, a reasoned approach is presented that the authors believe is currently
most appropriate for the United States. As more roundabouts are built, the
opportunity to conduct research to refine or develop better methods will
enable future editions of this guide to improve.

Despite the comprehensive nature of this document, it cannot discuss every
issue related to roundabouts. In particular, it does not cover the following topics:

e Non-traversable traffic calming circles. These are small traffic circles with Topics not discussed
raised central islands. They are typically used on local streets for speed in this guide.
and volume control. They are typically not designed to accommodate
large vehicles, and often left-turning traffic is required to turn left in front
of the circle. Mini-roundabouts, which are covered, may be an appropriate
substitute. Additionally, there may be some advantage to using round-
about principles (e.g., yield on entry, mountable or painted splitter
islands, etc.) at these traffic calming circles.

e Specific legal or policy requirements and language. The legal information that
is provided in this guide is intended only to make the reader aware of
potential issues. The reader is encouraged to consult with an attorney
before adopting any of the recommendations contained herein on specific
legal issues of concern. Similarly, regarding policy information, the guide
refers to or encompasses applicable policies, such as those of the American
Association of State Highway and Transportation Officials (AASHTO) (4).
It does not, however, establish any new policies.

1.5 ORGANIZATION OF THE GUIDE

This guide has been structured to address the needs of a variety of readers,
including the general public, policy makers, transportation planners, operations and
safety analysts, and conceptual and detailed designers. This chapter distinguishes
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Margin notes have been used to
highlight important points.

roundabouts from other circular intersections and defines the types of round-
abouts addressed in the remainder of the guide. The remaining chapters in this
guide increase in the level of detail provided.

Chapter 2—Roundabout Considerations: This chapter provides a broad
overview of the performance characteristics of roundabouts and discusses the
various trade-offs of installing roundabouts versus other types of intersections.
Legal issues and public involvement techniques are also discussed.

Chapter 3—Planning: This chapter provides guidelines for identifying
appropriate intersection control options given daily traffic volumes and identi-
fies procedures for evaluating the feasibility of a roundabout at a given location.
This chapter provides sufficient detail for a transportation engineer or planner to
decide under what circumstances roundabouts are likely to be appropriate and
how they compare to alternatives at a specific location. Public involvement tools
and techniques are also discussed in this chapter.

Chapter 4—Operational Analysis: This chapter identifies methods for
analyzing the operational performance of each category of roundabout in
terms of capacity, delay, and queuing.

Chapter 5—Safety: This chapter discusses the expected safety performance of
roundabouts and methods for analyzing safety performance.

Chapter 6—Geometric Design: This chapter presents geometric design prin-
ciples, design elements for each category of roundabout, and design applications.

Chapter 7—Application of Traffic Control Devices: This chapter discusses a
number of traffic design aspects, including pavement markings, signs, and traffic
signals.

Chapter 8—Illumination: This chapter discusses principles and recommenda-
tions regarding illumination, along with recommended lighting levels and potential
equipment types.

Chapter 9—Landscaping: This chapter presents recommendations for land-
scaping at roundabouts. Discussions include the relationship to visibility and sight
distance requirements, types of landscaping and fixed objects appropriate for the
central island and external areas, and other relevant items. A brief discussion of the
use of art and other aesthetics in the vicinity of roundabouts is also provided.

Chapter 10—Construction and Maintenance: This chapter focuses on
constructability and maintenance of a roundabout.

Appendices: Appendices are provided to expand upon topics in certain
chapters.

Several typographical devices have been used to enhance the readability of the
guide. Margin notes, such as the note next to this paragraph, highlight important
points or identify cross-references to other chapters of the guide. References have
been listed at the end of each chapter and have been indicated in the text using
italic numbers in parentheses, such as: (3). New terms are presented in italics
and are defined in the glossary at the end of the document.
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2.1 INTRODUCTION

This chapter provides a general overview of the characteristics of roundabouts
and considerations for all users. A discussion of legal considerations and user edu-
cation provides policy makers with the information they need to make appropriate
decisions and convey direction to the public. Understanding the advantages and
disadvantages of roundabouts allows designers, policy makers, and the public to
understand the trade-offs with this type of intersection treatment.

While general information about roundabouts can be found in this chapter,
the reader is encouraged to refer to later, more detailed chapters on the specifics
associated with planning, operation, safety, and design of roundabouts.

2.2 GENERAL CHARACTERISTICS

Many jurisdictions are looking for alternative intersection control methods to
improve safety and carry more traffic without widening roadways. Roundabouts
are becoming more popular based on the multiple advantages to safety, operations,
and aesthetics. However, as agencies become increasingly familiar with these types
of intersections, it is important to understand both advantages and disadvantages.

2.2.1 SAFETY

Roundabouts have been demonstrated to be safer than other forms of at-grade | Roundabouts have been
int " 7). Th fetv benefit i ticularl table for fatal and ini demonstrated to be safer for
intersections (1). The safety benefit is particularly notable for fatal and injury motor vehicles and pedestrians
crashes. This section provides an overview of key safety issues; the reader is than other forms of at-grade

encouraged to refer to Chapter 5 for a more detailed discussion. Intersections.

The safety performance of a roundabout is a product of its design. At round- Good roundabout designs
abouts, vehicles travel in the same direction, eliminating the right-angle and left- encourage speed control.
turn conflicts associated with traditional intersections. In addition, good
roundabout design places a high priority on speed control. Speed control is
provided by geometric features, not just by traffic control devices or by the
impedance of other traffic. Because of this, speed control can be achieved at all
times of day. If achieved by good design, in principle, lower vehicle speeds
should provide the following safety benefits:

e Provide more time for entering drivers to judge, adjust speed for, and
enter a gap in circulating traffic, allowing for safer merges;

¢ Reduce the size of sight triangles needed for users to see one another;

¢ Increase the likelihood of drivers yielding to pedestrians (compared to an
uncontrolled crossing);

e  Provide more time for all users to detect and correct for their mistakes or
mistakes of others;

e Make crashes less frequent and less severe, including crashes involving
pedestrians and bicyclists; and

e  Make the intersection safer for novice users.
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Single-lane roundabouts
designed for low-speed opera-
tion are one of the safest treat-
ments available for

at-grade intersections.

Single-lane roundabouts designed for low-speed operation are one of the
safest treatments available for at-grade intersections. Drivers have no lane use
decisions to make. Pedestrians cross one lane of traffic at a time. Roadway speeds
and widths are low enough to allow comfortable mixed bicycle and motor vehi-
cle flow.

Due to the increased number of conflicting and interacting movements, multi-
lane roundabouts often cannot achieve the same levels of safety improvement as
their single-lane counterparts. Driver decisions are more complex at multilane
roundabouts, with the most important being proper lane selection before entering
the intersection. Pedestrians face potential multiple-threat conflicts as they cross
more than one lane of traffic at a time. Visually impaired pedestrians face a signifi-
cantly more complex auditory environment that may reduce the accessibility of the
intersection without additional treatments. Cyclists traveling as vehicles must
select the correct lane for circulating; if traveling as pedestrians, they face the
same conflicts as other pedestrians. Despite these challenges, the overall safety
performance of multilane roundabouts is often better than comparable signalized
intersections, particularly in terms of fatal and injury crashes.

2.2.2 USER DECISIONS

User decisions—that is, decisions by drivers, pedestrians, and cyclists—are
generally simpler at roundabouts than at other intersection treatments. However,
roundabouts also place more reliance on individuals to make decisions rather
than directing them by a traffic control device.

2.2.2.1 Drivers

Drivers approaching a single-lane roundabout have two basic decisions
regarding other users: select the appropriate lane (as applicable) for their intended
destination, and yield to those who have the right-of-way. Making navigating
decisions in roundabouts is generally more complex than for other intersection
types, mainly because the driver cannot always see the exit or destination and the
fact that the intersection is curved requiring drivers to gradually change direction,
potentially disorienting a driver as to their origin and destination. As a consequence
the designer may need to provide additional guidance in the form of signs and
markings to aid in driver navigation.

The latter of the two decisions—yielding to those who have the right-of-way—
occurs at several points when negotiating the roundabout:

e Drivers must be mindful of any bicyclists merging into motor vehicle traf-
fic from the right side of the road, a bicycle lane, or shoulder.

e Drivers must yield to any pedestrians crossing at the entry (the laws on
this vary somewhat from state to state).

e Drivers must choose an acceptable gap in which to enter the roundabout.

e Drivers must yield to any pedestrians crossing the exit (the laws on this
vary somewhat from state to state).

By contrast, a driver making a left turn from the minor leg of a two-way stop-
controlled intersection yields to pedestrians and bicyclists and judges gaps in the
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major street through movements from both directions, as well as the major street
left and right turns and opposing minor through and right turns.

Signalized intersections attempt to simplify the decision-making process for
drivers, especially at locations where protected left-turn phasing is provided, by
separating conflicts in time and space. However, the rules and driver decisions
for negotiating signalized intersections are still quite complex in many cases. For
signals with permissive left-turn phasing, the driver must be cognizant of the
opposing vehicular traffic and its speed, presence of pedestrians, and the signal
indication itself (to ensure a legal maneuver). In addition, at traffic signals, failure
on the part of a driver can be associated with occasionally severe consequences
for those involved.

By contrast, once at the yield line, the entering driver at a roundabout can
focus attention entirely on the circulating traffic stream approaching from the left.
A driver behind the entering driver can focus entirely on crossing pedestrians.
While operation in a roundabout requires increased user vigilance, as compared
to traffic signals, the consequence of an error at a roundabout is less severe by
comparison.

2.2.2.2 Pedestrians

The design of a roundabout allows pedestrians to cross one direction of traffic
at a time on each leg of the roundabout. This is significantly simpler than two-way
stop-controlled intersections, where pedestrians cross parallel with the major street
and contend with potential conflicts in front of and behind them (e.g., major-street
left and right turns). Although signalized intersections can provide indication of
when pedestrians have the right-of-way (through a WALK indication), potential
conflicts can come from multiple directions: left turns on green, right turns on
green, right turns on red, and red-light-running through vehicles.

2.2.2.3 Bicyclists

Bicyclist decisions at roundabouts depend on how the bicyclist chooses to travel
through the intersection. If traveling as a vehicle, as is often the case for experienced
cyclists and cyclists in lower volume and speed environments, the decision process
mirrors that of motorized vehicles. If traveling as a pedestrian, as is often the
case for less experienced cyclists and cyclists in higher volume environments,
the decision process mirrors that of pedestrians.

2.2.3 TRAFFIC OPERATIONS

The operation of vehicular traffic at a roundabout is determined by gap accept-
ance: entering vehicles look for and accept gaps in circulating traffic. The low speeds
of a roundabout facilitate this gap acceptance process. Furthermore, the operational
efficiency (capacity) of roundabouts is greater at lower circulating speed because of
the following two phenomena:

1. The faster the circulating traffic, the larger the gaps that entering traffic
will comfortably accept. This translates to fewer acceptable gaps and
therefore more instances of entering vehicles stopping at the yield line.

2. Entering traffic, which is first stopped at the yield line, requires even
larger gaps in the circulating traffic in order to accelerate and merge with
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Since all intersection move-
ments at a roundabout have
equal priority, major street
movements may be delayed
more than desired.

the circulating traffic. The faster the circulating traffic, the larger this gap
must be. This translates into fewer acceptable gaps and therefore longer
delays for entering traffic.

2.2.3.1 Vehicle Delay and Queue Storage

When operating within their capacity, roundabouts typically operate with
lower vehicle delays than other intersection forms and control types. With a
roundabout, it is unnecessary for traffic to come to a complete stop when no
conflicts are present. When there are queues on one or more approaches, traffic
within the queues usually continues to move, and this is typically more tolerable
to drivers than a stopped or standing queue. The performance of roundabouts
during off-peak periods is particularly good compared with other intersection
forms, usually with very low average delays.

2.2.3.2 Delay of Major Movements

Roundabouts tend to treat all movements at an intersection equally, with no
priority provided to major movements over minor movements. Each approach is
required to yield to circulating traffic, regardless of whether the approach is a local
street or major arterial. This may result in more delay to the major movements
than might otherwise be desired. This problem is most acute at the intersection
of high-volume major streets with low- to medium-volume minor streets (e.g.,
major arterial streets with minor collectors or local streets). Therefore, the overall
street classification system and hierarchy should be considered before selecting a
roundabout (or stop-controlled) intersection. This limitation should be specifically
considered on emergency response routes in comparison with other intersection
types and control. The delays depend on the volume of turning movements and
should be analyzed individually for each approach, according to the procedures
in Chapter 4.

2.2.3.3 Signal Progression

It is common practice to coordinate traffic signals on arterial roads to minimize
stops and travel time delay for through traffic on the major road. A roundabout
with only yield control cannot be actively managed to provide priority to major
street movements in the same way. As a result, the coordinated platoons of traffic
that improve the efficiency of traffic signals can be disrupted by roundabouts, thus
reducing the efficiency of downstream intersections. Roundabouts cannot be
managed using a centralized traffic management system to facilitate special events,
diverted traffic flows, and so on unless signals at the roundabout or in the vicinity
are used for such a purpose.

On the other hand, roundabouts may present an opportunity to make
more efficient use of the existing traffic signals in the vicinity. An example is
the use of a roundabout at the highest-volume junction in the system, either a
single large at-grade intersection or at the ramp terminals of an interchange.
In many cases, the minimum cycle length needed for an entire system is
governed by the highest-volume junction in the system. To minimize overall
system delay, it may be beneficial to divide the signal system into subsystems
separated by the roundabout, assigning each subsystem a cycle length that
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may be lower than before. In these cases the overall total delay, stops, and
queues may be reduced.

2.2.4 SPATIAL REQUIREMENTS

Roundabouts often require more space in the immediate vicinity of the
intersection than comparable stop-controlled or signalized intersections. This
space requirement is dictated by a number of factors, including the size and
shape of the roundabout (e.g., circular versus noncircular). However, as dis-
cussed previously in the context of a corridor, the additional space needed in
the vicinity of a roundabout may be offset by reduced space needed between
intersections.

To the extent that a comparable roundabout would outperform a signal in
terms of reduced delay and thus shorter queues, it will require less queue storage
space on the approach legs. If a signalized intersection requires long or multiple
turn lanes to provide sufficient capacity or storage, a roundabout with similar
capacity may require less space on the approaches. As a result, roundabouts may
reduce the need for additional right-of-way on the links between intersections, at
the expense of additional right-of-way requirements at the intersections them-
selves. It may also be possible to space roundabouts closer together than traffic
signals because of shorter queue lengths.

Roundabouts present opportunities to shape the cross section of a corridor in
ways that are perhaps different from those afforded by signalized intersections.
Signalized intersections operate most efficiently when they progress platoons of
traffic, allowing the maximum number of vehicles to pass through on green with-
out stopping. These platoons maximize the use of green time by promoting shorter
headways. However, lane continuity between signals is needed to sustain these
platoons through a series of signals, and the links tend to be underused between
platoons. Roundabouts, on the other hand, produce efficiency through a gap
acceptance process. While the capacity for through traffic is limited by conflicting
circulatory flow, drivers can accept gaps as they appear rather than waiting for
their time in the cycle. The resulting flow between roundabouts tends to be more
random and makes more efficient use of the links between intersections. As a
result, roundabouts can be made as large as needed for node capacity, keeping the
links between nodes more narrow.

This concept is sometimes referred to as a “wide nodes, narrow roads” concept
and is illustrated in Exhibit 2-1. The right-of-way savings between intersections may
make it feasible to accommodate parking, wider sidewalks, planter strips, and/or
bicycle lanes. Another space-saving strategy is the use of flared approach lanes to
provide additional capacity at the intersection while maintaining the benefit of
reduced spatial requirements upstream and downstream of an intersection.

The wide nodes, narrow roads concept has a beneficial application at freeway
interchanges. At interchange ramp terminals, paired roundabouts have been used
to reduce the number of lanes in freeway overpasses and underpasses. In compact
urban areas, there are typically signalized intersections at both ends of overpass
bridges, necessitating additional overpass lanes to provide capacity and storage
for left-turning vehicles. Exhibit 2-2 illustrates an example of this application in
Vail, Colorado.
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Exhibit 2-1
Wide Nodes, Narrow Roads
Concept

Exhibit 2-2
Example of Wide Nodes,
Narrow Roads Concept

Fewer travel lanes required between
intersections: creates opportunities
for parking, bike lanes, etc.
I ‘I I ‘l
o More lanes may be Potentially greater impact at |f'ig,
e needed for capacity intersection corners —\\ i
e == \
11 [ | 1]
= = - - N
A1 Property lines F ?
. Potentially fewer properties .
Wi affected between intersections !
'\ \ 1 .\
LEGEND Access management
opportunities facilitated by
Area required for roundabout U-turns at roundabouts
but not for signal
Area required for signal
but not for roundabout

Most roundabouts on arterial streets are designed to accommodate traffic
volume estimated for a future horizon year, which can extend 20 years or more
from the construction date. Collector and local-street roundabouts are typically
designed for full build-out conditions. While it is important to plan for future
traffic volume and capacity needs, the immediate effects on pedestrian and
bicycle users should also be considered. A roundabout constructed with a wide

Vail, Colorado
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cross section can negatively impact bicycle and pedestrian movements. Therefore,
a phased implementation may be an appropriate way to accommodate current
users’ needs while still providing an opportunity for the roundabout to be expanded
for future traffic volume growth. In these cases, it is important to reserve right-of-
way for future planned improvements and also plan the construction material to
potentially allow for easier expansion in the future. More information on phased
implementation can be found in Chapter 6.

2.2.5 ACCESS MANAGEMENT

Roundabouts can be used at key public and private intersections to facilitate
major movements and enhance access management. Minor public and private
access points between roundabouts can be accommodated by partially or fully
restricted two-way stop-controlled intersections, with the roundabouts providing
U-turn opportunities. Most of the principles used for access management at con-
ventional intersections can also be applied at roundabouts.

While roundabouts may allow for fewer lanes between intersections, the traffic
pattern that emerges from roundabouts can have a significant impact on existing
midblock access. The more random departure pattern that emerges from a round-
about and the potentially narrower cross section between roundabouts may reduce
the number of available gaps for mid-block unsignalized intersections and drive-
ways. As a result, an unsignalized intersection may have less capacity and more
delay downstream of a roundabout than downstream of a signal, even accounting
for the U-turns that roundabouts facilitate. This should be reviewed on a case-by-
case basis with the given turning movement patterns of a corridor.

More discussion of access management issues and techniques can be found
in Chapter 6.

2.2.6 ENVIRONMENTAL FACTORS

Roundabouts can provide environmental benefits if they reduce vehicle
delay and the number and duration of stops compared with an alternative. Even
when there are heavy volumes, vehicles continue to advance slowly in moving
queues rather than coming to a complete stop. This may reduce noise and air
quality impacts and fuel consumption significantly by reducing the number of
acceleration/deceleration cycles and the time spent idling. Roundabouts may
also be an alternative to help satisfy purpose and need requirements for envi-
ronmental documents prepared under the National Environmental Policy
Act (NEPA).

2.2.7 OPERATION AND MAINTENANCE COSTS

The initial design and construction cost of a roundabout can vary signifi-
cantly depending on the roundabout size, right-of-way impacts, illumination
requirements, and other design or aesthetic features that may be desired. A new
single-lane roundabout intersection in an unbuilt environment can have construc-
tion costs comparable to a traffic signal. However, as the size of the roundabout
increases, particularly in a fully built-out commercial or residential area, the cost
of roundabout construction can be higher than that of a traffic signal, depending
on the footprint of the roundabout relative to that needed for the signal. However,
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By reducing speeds, round-
abouts complement other traf-
fic calming measures.

Landscaping issues are
discussed in detail in
Chapter 9.

the ongoing operations and maintenance cost of a roundabout can be less than
that for a signal, with the possible exception of increased illumination needs for a
roundabout. Although the initial construction cost may be more, a roundabout
can have less operating and maintenance costs than a traffic signal, and the service
life of a roundabout is significantly longer, approximately 25 years, compared
with 10 years for a typical signal (2). Roundabouts also provide substantial cost
savings to society due to the reduction in crashes, particularly fatal and injury
crashes, over their service life.

Compared to signalized intersections, a roundabout does not have signal
equipment that requires constant power, periodic light bulb and detection mainte-
nance, and regular signal-timing updates. Roundabouts, however, can have higher
landscape maintenance costs depending on the degree of landscaping provided on
the central island, splitter islands, and perimeter. [llumination costs for round-
abouts can be greater than for signalized intersections due to a larger area required
for coverage. Drivers sometimes face a confusing situation when they approach a
signalized intersection during a power failure, but such failures have minimal
temporary effect on roundabouts or any other unsignalized intersections, other
than the possible loss of illumination.

2.2.8 TRAFFIC CALMING

Roundabouts can have traffic calming effects on streets by reducing vehicle
speeds using geometric design rather than traffic control devices or traffic volume.
Consequently, speed reduction can be realized at all times of day and on streets of
any traffic volume. It is difficult for drivers to speed through an appropriately
designed roundabout with raised channelization that forces vehicles to physically
change direction. Example applications include using roundabouts at the transition
from a rural, high-speed environment to a low-speed urban environment and to
demarcate commercial uses from residential areas.

Roundabouts have also been used successfully as gateway treatments at
the interface between rural and urban areas where speed limits change or at
freeway ramp terminals. In these applications, the traffic calming effect of
roundabouts reduces traffic speeds and reinforces the notion of a significant
change in the driving environment. These gateways also reduce unwanted
vehicular intrusion into neighborhoods by providing a convenient U-turn
location.

Exhibit 2-3 shows a photo of a roundabout in Clearwater, Florida, that provides
this gateway feature between commercial and residential land uses.

2.2.9 AESTHETICS

Roundabouts offer the opportunity to provide attractive entries or centerpieces
to communities. Landscaping is a desirable aesthetic feature and can be installed on
the central island and splitter islands as long as sight-distance requirements are met.
It may be possible to place monuments and art in some portions of the central island
if they do not pose a significant safety hazard to errant vehicles. In addition, pave-
ment textures and colors added to truck aprons or other elements improve the visual
appearance of the intersection. When installing landscaping or other artistic features
in the central island, clear distance and offsets should be considered to ensure that
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Exhibit 2-3
Example of Gateway
Treatment

Clearwater, Florida

hard objects directly facing the entries do not create a safety hazard. Additional
guidance for landscaping and art at roundabouts is presented in Chapter 9.

Roundabouts are also used in tourist or shopping areas to aesthetically
enhance the visual environment. They have been justified as a spur to economic
development, conveying to developers that the area is favorable for investment
in re-development. Some are exhibited as a signature feature on community
postcards, advertisements, and travelogues.

Exhibit 2-4 presents examples of the aesthetic treatments that have been applied
to roundabouts. Additional examples and discussion are provided in Chapter 9.

2.2.10 SUMMARY OF ADVANTAGES AND DISADVANTAGES

As described in the previous sections, roundabouts have unique features and
characteristics, including safety, signal progression, environmental factors, spatial
requirements, operation and maintenance costs, traffic calming, aesthetics, and

Exhibit 2-4
Examples of Aesthetic
Treatments

(a) Ladera Ranch, California
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Exhibit 2-4 (cont.)
Examples of Aesthetic
Treatments

Exhibit 2-5

Summary of Roundabout
Advantages and
Disadvantages

(b) Ottawa, Ontario, Canada

access management. The trade-offs involved when implementing a roundabout
should be considered at a policy level when introducing roundabouts into a region
or on a project-by-project basis at specific locations where a roundabout is one of the
alternatives being considered.

Exhibit 2-5 provides an overview of the primary advantages and disadvantages
of roundabouts for users, policy makers, designers, and planners to understand
when considering this type of intersection.

Advantages Disadvantages

Non-Motorized Users

Pedestrians must consider only one direction of « Pedestrians with vision impairments may have
conflicting traffic at a time. trouble finding crosswalks and determining when/if
vehicles have yielded at crosswalks.

Bicyclists have options for negotiating roundabouts,
depending on their skill and comfort level. « Bicycle ramps at roundabouts have the potential to
be confused with pedestrian ramps.

Safety

Reduce crash severity for all users, allow safer « Increase in single-vehicle and fixed-object crashes
merges into circulating traffic, and provide more compared to other intersection treatments.

time for all users to detect and correct for their
mistakes or the mistakes of others due to lower
vehicle speeds.

« Multilane roundabouts present more difficulties for
individuals with blindness or low vision due to
challenges in detecting gaps and determining that

« Fewer overall conflict points and no left-turn vehicles have yielded at crosswalks.

conflicts.
Operations

* May have lower delays and queues than other « Equal priority for all approaches can reduce the
forms of intersection control. progression for high volume approaches.

« Can reduce lane requirements between « Cannot provide explicit priority to specific users
intersections, including bridges between (e.g., trains, emergency vehicles, transit,
interchange ramp terminals. pedestrians) unless supplemental traffic control

devices are provided.

Creates possibility for adjacent signals to operate
with more efficient cycle lengths where the
roundabout replaces a signal that is setting the
controlling cycle length.
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Access Management

Facilitate U-turns that can substitute for more
difficult midblock left turns.

* May reduce the number of available gaps for mid-
block unsignalized intersections and driveways

Environmental Factors

Noise, air quality impacts, and fuel consumption
may be reduced.

Little stopping during off-peak periods.

» Possible impacts to natural and cultural resources

due to greater spatial requirements at intersections.

Traffic Calming

Reduced vehicular speeds.

Beneficial in transition areas by reinforcing the
notion of a significant change in the driving
environment.

» More expensive than other traffic calming
treatments.

Space

Often require less queue storage space on
intersection approaches—can allow for closer
intersection and access spacing.

Reduce the need for additional right-of-way
between links of intersection.

More feasibility to accommodate parking, wider
sidewalks, planter strips, wider outside lanes,
and/or bicycle lanes on the approaches.

« Often requires more space at the intersection itself
than other intersection treatments.

Operation & Maintenance

No signal hardware or equipment maintenance.

* May require landscape maintenance.

Aesthetics

Provide attractive entries or centerpieces to
communities.

Used in tourist or shopping areas to separate
commercial uses from residential areas.

Provide opportunity for landscaping and/or gateway
feature to enhance the community.

* May create a safety hazard if hard objects are
placed in the central island directly facing the
entries.

2.3 USER CONSIDERATIONS

As with any intersection design, each transportation mode present requires
careful consideration. This section offers some of the issues associated with each
mode; additional detail on mode-specific safety and design issues is provided in

subsequent chapters. Guidance on educating various users is provided in Chapter 3

and Appendix B.

2.3.1 PEDESTRIANS

At roundabout locations where pedestrian access is provided, pedestrians are
accommodated at crosswalks around the perimeter of the roundabout. By provid-
ing space to pause on the splitter island, pedestrians can consider one direction of

conflicting traffic at a time, which simplifies the task of crossing the street. The

roundabout should be designed to discourage pedestrians from crossing to the
central island, e.g., with landscape buffers on the corners. Crosswalks are set back

from the yield line by one or more vehicle lengths to:

e Shorten the crossing distance compared to locations adjacent to the

inscribed circle,

Exhibit 2-5 (cont.)
Summary of Roundabout
Advantages and
Disadvantages

Chapter 2/Roundabout Considerations

Page 2-13



Roundabouts: An Informational Guide

e Separate vehicle-vehicle and vehicle—pedestrian conflict points, and

e Allow the second entering driver to devote attention to crossing pedestri-
ans while waiting for the driver ahead to enter the circulatory roadway.

As discussed in Chapter 5, relatively slow vehicle speeds and a reduced num-
ber of conflicts are two primary reasons that roundabouts are safer than most other
intersection types. The slow speeds combined with well-defined crossings and split-
ter islands result in relatively high rates of motorists yielding to pedestrians at most
roundabouts, making it easy for pedestrians to cross. Research has found that pedes-
trians often have very short waiting times to cross at roundabout crosswalks (3).

Most intersections are two-way stop controlled. Compared to two-way
stop-controlled intersections, roundabouts typically make it easier and safer
for pedestrians to cross the major street. At both roundabouts and two-way
stop-controlled intersections, pedestrians have to judge gaps in the major
(uncontrolled) stream of traffic. At roundabouts, sighted pedestrians only have
to look in one direction at a time, within a relatively small sight angle. At tradi-
tional intersections, unless a raised median provides a refuge, pedestrians need
to look in both directions on the major street. They must also be aware of vehicles
turning off of the minor street, so their field of vision must be wide. Pedestrians
with vision impairments can have difficulty assessing gaps at roundabouts and
two-way stop-controlled intersections. By reducing stopping distance, the low
vehicular speeds through a roundabout generally reduce the frequency of
crashes involving pedestrians and increase the likelihood of vehicles yielding
to pedestrians. The reduced kinetic energy reduces the severity of pedestrian
crashes as well, if they occur.

The comparison between roundabouts and all-way stop-controlled intersec-
tions is less clear. All-way stop control is virtually nonexistent in most countries
outside North America that have roundabouts, so there is little international
experience with which to compare. All-way stop-controlled intersections may be
preferred by pedestrians, especially those with vision impairments, because vehi-
cles are required to stop before they enter the intersection. However, crossing an
all-way stop-controlled intersection can also be intimidating, since traffic may be
turning onto the exiting approach from multiple directions. Roundabouts, on the
other hand, allow pedestrians to cross one direction of traffic at a time. However,
traffic may be moving (albeit at a slow speed), thus making it challenging to judge
gaps, especially for pedestrians who are blind or have low vision.

All-way stop-controlled intersections normally have low incidence of severe
pedestrian crashes due to the fact that motorists generally stop or at least slow
down significantly before going through the stop signs. However, all-way stop-
controlled intersections do not provide positive geometric features to slow vehicles
and instead rely entirely on the authority of the traffic control device. The round-
about geometry physically slows and deflects vehicles, reducing the likelihood
of a high-speed crash due to a traffic control device violation.

When properly designed to accommodate pedestrians, signalized intersections
offer positive guidance to pedestrians by providing visual and audible pedestrian
signal indications. In this respect, the decision process for pedestrians requires less
judgment at signalized intersections than at roundabouts, particularly for visually
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impaired and elderly pedestrians. However, pedestrians at signalized intersections
are vulnerable to unprotected right-turn and left-turn movements. In suburban
environments with large intersections and large corner radii, these crashes occur
at relatively high speeds, sometimes resulting in severe crashes. In addition, high-
speed vehicle-pedestrian crashes occur when vehicles run through a red signal
indication. In this respect, the roundabout provides a speed-constrained environ-
ment for through traffic.

At two-way and all-way stop intersections, right-turning motorists often look
only to the left in order to check for vehicular conflicts, endangering or inconve-
niencing pedestrians crossing from the right or on the right. The same situation
occurs with motorists at signalized intersections making right turns on red. These
crashes can be severe due to the fact that many of these drivers do not come to a
complete stop if they do not perceive any vehicular conflicts. With crosswalks
located back from the circulatory roadway, roundabouts place pedestrians in a
more visible location.

The two populations at opposite ends of the age continuum—children and the
elderly—and people with disabilities are particularly at risk at intersections. These
pedestrians often find it more difficult to cross unprotected road crossings, walk at
slower speeds than other pedestrians, and generally prefer larger gaps in the traffic
stream. Children lack traffic experience, are impulsive, and have less developed
cognitive abilities, and their small size limits their visibility. The elderly may have
physical limitations including reduced visual acuity, hearing, and mobility.

Crossing at multilane roundabouts is more difficult for all pedestrians, but
especially for the more vulnerable users described above. Multilane roundabouts
have longer crossing distances and pedestrians need assurance that all lanes are
free of moving traffic before they can cross the street. Recent research indicates that
two to three times more motorists do not yield to pedestrians at multilane round-
abouts than at single-lane roundabouts (3). In addition, pedestrians are faced with
the potential for multiple-threat crashes when the driver in the first lane stops to
yield to a pedestrian, blocking the sight lines between the pedestrian and any vehi-
cles in the next lane. If neither the driver in the next lane nor the pedestrian sees the
other user in time to take evasive action, a crash can occur in the second lane.

2.3.2 PEDESTRIANS WITH DISABILITIES

Pedestrians who are blind or have low vision have several areas of diffi-
culty when crossing a roundabout. It is expected that a pedestrian with vision
impairments who has good travel skills should be able to arrive at an unfamil-
iar intersection and cross it without special intersection-specific training. For
pedestrians with vision impairments, roundabouts pose problems at several
locations throughout the crossing experience:

e Wayfinding. Pedestrians with vision impairments may have trouble find-
ing crosswalks because crosswalks are located outside the projection of
approaching side-walks, and the curvilinear nature of roundabouts
alters the normal audible and tactile cues they use to find crosswalks.
As described in Section 6.8.1, a landscape strip or other detectable edge
treatment between sidewalks and roundabouts can help lead all pedestri-
ans to a crosswalk, particularly those who are blind or have low vision.

: An Informational Guide

When crossing a roundabout,
there are several areas of
difficulty for the blind or
visually impaired pedestrian.
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e Alignment. Likewise, roundabouts do not typically include the normal
audible and tactile cues used by pedestrians with vision impairments to
align themselves with the crosswalk. This alignment task can be simplified
if sidewalk ramps and splitter island cut-through walkways are aligned
with the crosswalk and if detectable warnings are installed on curb ramps
and splitter islands.

e Gap and yield detection. The most critical issue at roundabouts for pedestrians
with vision impairments is the fact that the sound of circulating traffic masks
the audible cues that blind pedestrians use to identify the appropriate time
to enter the crosswalk (both gap detection and yield detection). It may be
impossible to determine by sound alone whether a vehicle has actually
stopped or intends to stop. This is especially problematic at roundabout
exits because without visual confirmation, it is difficult to distinguish a
circulating vehicle from an exiting vehicle. At multilane roundabouts,
this problem is magnified by the need to assess traffic traveling in multiple
directions in multiple lanes. Even if a vehicle in one lane has stopped and a
blind pedestrian is able to discern this, the pedestrian will likely have diffi-
culty assessing if motorists have stopped in all lanes of a roundabout exit.
Although research has been conducted on other possible solutions and some
research is still ongoing, the installation of accessible (audible and vibrotac-
tile) pedestrian signals at roundabout pedestrian crossings has been shown
to be a treatment that consistently makes multilane roundabouts accessible
to pedestrians who are blind or who have low vision.

Any new or modified intersection in the United States that has pedestrian facili-
ties must be accessible to and usable by all pedestrians per the requirements of the
Americans with Disabilities Act (ADA) (4). Under the ADA the public right-of-way
is a “program” provided by state and local governments that must not discriminate
against pedestrians with disabilities (28 CFR 35.150). Any facility or part of a facility
that is newly constructed by a state or local government and that provides pedes-
trian facilities must be designed and constructed so that it is readily accessible to
and usable by people with disabilities [28 CFR 35.151(a)]. Alterations to existing
facilities must include modifications to make altered areas accessible to individuals
with disabilities [28 CFR 735.151 (b)].

As of this writing, the 1994 ADA Accessibility Guidelines (ADAAG) are the
currently adopted standards that apply to the public right-of-way (5). These guide-
lines, however, do not specifically address how to make roundabouts accessible.
Nonetheless, these provisions mean providing information to safely cross streets in
accessible format, including at roundabouts.

The agency responsible for creating accessibility guidelines, the United
States Access Board, has developed the draft Public Rights-of-Way Accessibility
Guidelines (PROWAG), which address many accessibility issues found in the
public right-of-way that are not addressed by ADAAG. Accessibility features at
roundabouts include sidewalks and crosswalks that meet surface, slope, and
clearance requirements; ramps connecting sidewalks and crosswalks; detectable
edge treatments at ramps, splitter islands, and between sidewalks and round-
abouts to guide pedestrians to crosswalks such as landscaping adjacent to the
curb line; and signalized pedestrian crossings.
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The Federal Highway Administration has issued a memo stating that “the
Draft Guidelines are the currently recommended best practices, and can be consid-
ered the state of the practice that could be followed for areas not fully addressed by
the present ADAAG standards” (6). These guidelines provide specific design guid-
ance for making roundabouts and other intersections accessible to pedestrians
with mobility impairments and vision impairments. The reader should refer to
Chapters 6 and 7 for information about accessibility features and design details
at roundabouts to improve access for pedestrians with disabilities.

2.3.3 BICYCLISTS

Recent research of roundabouts in the United States has not found any substan-
tial safety problems for bicyclists, as indicated by few crashes being reported in
detailed crash reports (3). Nevertheless, roundabouts slow drivers to speeds more
compatible with bicycle speeds, while reducing high-speed conflicts and simplify-
ing turn movements for bicyclists. Typical on-road bicyclist speeds are 12 to 20 mph
(19 to 32 km/h), so designing roundabouts for circulating traffic to flow at similar
speeds will minimize the relative speeds between bicyclists and motorists and
thereby improve safety and usability for cyclists. Bicyclists require particular atten-
tion in two-lane roundabout design, especially in areas with moderate to heavy
bicycle traffic.

As with pedestrians, one of the difficulties in accommodating bicyclists is their
wide range of skills and comfort levels in mixed traffic. Some of the least-skilled
cyclists will choose to ride on sidewalks both along streets away from roundabouts
and at the roundabouts. Since these cyclists are behaving like rolling pedestrians,
no specific treatments are necessary at roundabouts besides what are provided
for pedestrians. In general, cyclists who have the knowledge and skills to ride
effectively and safely on roadways can navigate low-speed single lane roundabouts
without much difficulty. The most experienced and skilled on-road cyclists will be
comfortable traveling through all roundabouts like other vehicles, even at multi-
lane roundabouts.

Single-lane roundabouts are much simpler for cyclists than multilane
roundabouts since they do not require cyclists to change lanes to make left turn
movements or otherwise select the appropriate lane for their direction of travel.
In addition, at single-lane roundabouts, motorists are less likely to cut off cyclists
when exiting the roundabout. Therefore, care should be exercised when selecting
a multilane roundabout over a single-lane roundabout in the short term, even
when long-term traffic predictions suggest that a multilane roundabout may be
desirable. In addition, the use of a roundabout with two-lane entries and exits on
the major roadway and one-lane entries and exits for the minor roadway can be a
good solution to reduce complexity for bicyclists where a roundabout is pro-
posed at an intersection of a major multilane street and a minor street.

Where bicycle lanes or shoulders are used on approach roadways, they should Bicycle lanes are not recom-
be terminated in advance of roundabouts to merge cyclists into traffic for appropri- z:gﬁion the circulatory
ate circulation with other vehicles. In addition, bicycle lanes should not be located
within the circulatory roadway of roundabouts as this would suggest that bicyclists
should ride at the outer edge of the circulatory roadway, which can increase crashes
with cyclists and both entering and exiting motor vehicles. Because some cyclists
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may not feel comfortable traversing some roundabouts in the same manner as other
vehicles, bicycle ramps can be provided to allow access to the sidewalk or a shared
use path at the roundabout. Bicycle ramps at roundabouts have the potential to be
confused as pedestrian ramps, particularly for pedestrians who are blind or who
have low vision. Therefore, bicycle ramps should be reserved for those situations
where the roundabout complexity or design speed may result in less comfort for
some bicyclists. Ramps should not normally be used at urban single-lane round-
abouts. More details about bicycle design treatments at roundabouts can be found
in Chapter 6.

2.3.4 OLDER DRIVERS

There is a trend in the United States of individuals continuing to drive until
an older age than in years past. This trend has implications for all roadway
design, including roundabout design, ranging from operations through geometric
and sign design. In this regard, designers should consult available documents
such as the FHWA Highway Design Handbook for Older Drivers and Pedestrians (7),
which presents the following considerations for understanding the differences
of older drivers and pedestrians with understanding and navigating through
intersections.

e The single greatest concern in accommodating older road users, both driv-
ers and pedestrians, is the ability of these persons to safely maneuver
through intersections.

e Driving situations involving complex speed—distance judgments under
time constraints are more problematic for older drivers and pedestrians
than for their younger counterparts.

e Older drivers are much more likely to be involved in crashes where the
drivers were driving too fast for the curve or, more significantly, were
surprised by the curved alignment.

e Left-turn maneuvers are difficult for older drivers since they have difficulty
in selecting acceptable gaps due to reduced ability to judge oncoming
speeds and slower response times (8-11). They also have more difficulty
understanding left-turn displays (12-14).

e Left-turn crashes are particularly problematic for older drivers. Research
has shown that the potential of being involved in left-turn crashes
increases with age (15-16).

e Many studies have shown that loss-of-control crashes result from an inabil-
ity to maintain lateral position through the curve because of excessive
speed with inadequate deceleration in the approach zone. These problems
stem from a combination of factors, including poor anticipation of vehicle
control requirements, induced by the driver’s prior speed, and inadequate
perception of the demands of the curve.

e Older drivers have difficulties in allocating attention to the most relevant
aspects of novel driving situations.

e Older drivers generally need more time than average drivers to react to
events.
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These findings apply to older drivers and pedestrians encountering all types of
intersections, including roundabouts. The excerpts above all imply that lower, more
conservative design speeds are appropriate.

Research indicates that roundabouts may address some of the problems drivers
experience in dealing with intersections. One of the key design features of a round-
about is that all traffic must slow down as it enters the intersection. Slower speeds
can benefit both the novice and older driver as they navigate the roadways. Some of
the potential benefits of slower intersection speeds include a reduction in crash
severity (for a given crash type), safer merges, and more opportunities to correctly
judge and enter gaps (17).

The slower and consistent speeds at roundabouts can cater to the preferences of
older drivers by:

¢ Allowing more time to make decisions, act, and react;

e Providing less complicated situations to interpret;

e Requiring simpler decision-making;

¢ Reducing the need to look over one’s shoulder;

e Reducing the need to judge closing speeds of fast traffic accurately; and
e Reducing the need to judge gaps in fast traffic accurately.

The benefits a roundabout provides to older drivers can be an important fac-
tor in reducing the number of crashes at an intersection. For example, two-way
stop-controlled intersections may be appropriate for replacement with a round-
about when a crash analysis indicates that age-related crashes are prevalent.

It is important that older drivers understand the key operating characteristics of
roundabouts, such as determining a safe approach speed, identifying the number of
lanes and which lane to be in, understanding the direction of travel on the circula-
tory roadway, yielding to vehicles upon entry, and understanding the street/route
signs at each exit. Research shows that proper use of roundabout advance warning
signs with arrows indicating direction of traffic flow, yield signs, directional signs,
and road name signs can improve older drivers’ understanding of roundabouts
(18). Overhead lane use signs, recommended by the Highway Design Handbook for
Older Drivers and Pedestrians for signals (7), can aid navigation choices on multilane
roundabout approaches.

2.3.5 LARGE VEHICLES

Large vehicles have a direct impact on the design of a roundabout. Single-lane
roundabouts often employ a traversable apron around the perimeter of the central
island to provide the additional width needed for tracking the trailer wheels of
large vehicles. Multilane roundabouts are designed either to allow large vehicles
to track across more than one lane while entering, circulating, and exiting or to stay
within their lane. In some cases, roundabouts have been designed with aprons or
gated roadways through the central island to accommodate over-sized trucks,
emergency vehicles, or trains. Details on treatments for large vehicles can be found
in Chapter 6.

: An Informational Guide

Design roundabouts to accom-
modate the largest vehicle that
can reasonably be expected.
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Buses should not need to use
a truck apron to negotiate a
roundabout.

Chapters 6 and 7 provide more
detail on transit treatments.

2.3.6 TRANSIT

Transit vehicles are a special type of large vehicle and have unique require-
ments, many of which are similar to those at other types of intersection treat-
ments. If the roundabout has been designed using the appropriate design vehicle,
a bus should have no physical difficulty negotiating the intersection. To minimize
passenger discomfort, it is preferable for buses to not need to use a truck apron if
present. Bus stops should be located carefully to minimize the probability of vehi-
cle queues spilling back into the circulatory roadway. This typically means that
bus stops located on the far side of the intersection need to have pullouts or be
further downstream than the splitter island, located in a way that is mindful of the
bus driver’s ability to merge into the traffic stream. Pedestrian access routes to
transit should be designed for safety, comfort, and convenience. Pedestrian cross-
ing capacity should be accounted for if demand is significant, such as near a sta-
tion or terminus.

When combined with signals, roundabouts may provide opportunities for
giving transit (including rail) and emergency vehicles priority. For example, these
could include signals holding entering traffic while the transit vehicle enters in its
own right-of-way or in mixed traffic. Chapters 6 and 7 provide more detail on
transit treatments.

2.3.7 EMERGENCY VEHICLES

The passage of large emergency vehicles through a roundabout is the
same as for other large vehicles and may require use of a traversable apron.
On emergency response routes, the delay for the relevant movements at a
planned roundabout should be compared with alternative intersection types
and control. Just as they are required to do at conventional intersections,
drivers should be educated not to enter a roundabout when an emergency
vehicle is approaching on another leg. Once entered, they should clear out
of the circulatory roadway if possible, facilitating queue clearance in front of
the emergency vehicle.

Roundabouts provide emergency vehicles the benefit of lower vehicle speeds,
which may make roundabouts safer for them to negotiate than signalized cross-
ings. Unlike at signalized intersections, emergency vehicle drivers are not faced
with through vehicles unexpectedly running the intersection and hitting them at
high speed.

2.3.8 RAIL CROSSINGS

Rail crossings through or near a roundabout may involve many of the same
design challenges as at other intersections. In retrofit, the rail track may be
designed to pass through the central island or across one of the legs. Queues
spilling back from a rail blockage into the roundabout can fill the circulatory
roadway and temporarily prevent movement on any approach. However, to the
extent that a roundabout approach capacity exceeds that of a signal at the same
location, queues will dissipate faster. Therefore, a case-specific capacity and
safety analysis is recommended. Chapter 7 addresses the design of at-grade
rail crossings.
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2.4 POLICY AND LEGAL ISSUES

Policy plays an important role in the implementation of roundabouts, particu-
larly at the state level. There are two key aspects to policy implementations:

¢ Decision-making process and

e Legalissues, including rules of the road.

2.4.1 DECISION-MAKING PROCESS

Many state agencies have developed roundabout policies to help guide design-
ers and planners in making appropriate decisions when considering a roundabout
intersection. In some cases, these states have established task forces to establish a
policy for implementing roundabouts on state facilities. These policies often include
background information about the geometric, safety, and operational characteristics
of roundabouts; example locations where roundabouts may be considered; opera-
tional and safety evaluation discussions; and an overview of the trade-offs and gen-
eral considerations for this type of intersection control.

Some states have made internal decisions about prioritizing the way round-
abouts are used compared to other traditional intersection types. Some have
adopted a “roundabout first” policy that requires designers and planners to
consider roundabouts as a first priority during any intersection improvements
or construction. Other states encourage designers or planners to only use
roundabouts as solutions to unique situations. Some states have developed
their own roundabout guidelines and standards, including Kansas, New York,
Washington, and Wisconsin. These allow states to include design, operation,
and planning information that is specific to their state practices and policies.
Where there are no specific state guidelines, the guidance provided in this
document is typically used.

As jurisdictions continue to implement roundabouts, all users need to
understand their unique features and operational characteristics, including
safety, relationship to signal progression, environmental factors, spatial require-
ments, operation and maintenance costs, traffic calming effects, aesthetics, and
access management benefits.

2.4.2 RULES OF THE ROAD

The legal environment in which roundabouts operate is an important area for
jurisdictions to consider when developing a roundabout program or set of guide-
lines. The rules of the road that govern the operation of motor vehicles in a given
state can have a significant influence on the way a roundabout operates and on how
legal issues, such as crashes involving roundabouts, are handled. Local jurisdictions
that are building roundabouts should be aware of the governing state regulations
in effect.

The 2000 Uniform Vehicle Code (UVC) is the primary resource guidance per-
taining to roadways and intersections. However, the UVC does not provide specific
guidance for roundabouts. Some states have begun to update their state code to
include guidance for roundabouts. For example, in Oregon, Chapter 811—Rules of

: An Informational Guide
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7.

10.

11.

The Road of the Oregon Revised Statutes (ORS 811.400) (19) creates certain traffic
procedures for roundabouts; creates offense of failure to yield right-of-way within a
roundabout; modifies offense of failure to use the appropriate signal for turns, lane
changes, or stops to include exiting from a roundabout; and defines a roundabout
and circulatory roadway.

Further detail can be found in Appendix C.
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Planning determines whether a
roundabout is even feasible,
before expending the effort
required for more detailed
analysis and design.

3.1 INTRODUCTION

At the planning stage, there are a variety of possible reasons or goals for
considering a roundabout at a particular intersection. In some states, consideration
of a roundabout alternative is a requirement of all intersection analyses. Meanwhile,
other locations may have a specific reason for evaluating a roundabout as an
alternative, including improving safety or operations, improving aesthetics,
assisting with access management, or promoting redevelopment. However,
whatever the reasons for considering a roundabout, a number of common
considerations should be addressed at the planning level:

e Is aroundabout appropriate for this location?

e How big should it be or how many lanes might be required?
e What sort of impacts might be expected?

e What public education and outreach might be appropriate?

Chapter 1 presented a range of roundabout categories and suggested typical
daily service volume thresholds below which four-leg roundabouts may be
expected to operate, without requiring a detailed capacity analysis. Chapter 2
introduced roundabout performance characteristics, including comparisons
with other intersection forms and control, which will be expanded upon in
this chapter. This chapter covers the next steps that lead to the decision as to
whether a roundabout is a feasible alternative. By confirming that there is good
reason to believe that roundabout construction is feasible and that a roundabout
is the best alternative, these planning activities avoid expending unnecessary
effort required in more detailed steps.

The initial steps in planning for a roundabout are to clarify the objectives and
understand the context in which the roundabout is being considered. The next
step is to specify a preliminary configuration. This identifies the minimum num-
ber of lanes required on each approach and thus which type of roundabout is the
most appropriate to use as a basis for design: mini, single-lane, or multilane.
Given sufficient space, roundabouts can be designed to accommodate high traffic
volumes. There are many additional levels of detail required in the design and
analysis of a high-capacity, multilane roundabout that are beyond the scope of a
planning-level procedure; these are given in later chapters. Therefore, this chapter
focuses on the more common questions that can be answered using reasonable
assumptions and approximations.

Feasibility analysis requires an approximation of some of the design parameters
and operational characteristics. Depending on the specific situation, it may be
necessary to explore beyond base-level approximations with respect to one or
more key attributes of the roundabout to ensure compatibility and feasibility.
Consideration must also be given to the potential trade-offs between safety,
operations, and design when planning for roundabouts. Particularly in the early
stages of planning, these key aspects and their impacts on one another can help
determine a roundabout’s feasibility. Some changes in these approximations
may be necessary as the design evolves. A more detailed methodology for
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performing the operational evaluation and geometric design tasks is presented
later in Chapters 4 and 6 of this guide, respectively.

3.2 PLANNING STEPS

Exhibit 3-1 outlines many of the considerations that may need to be investigated
prior to deciding whether to implement a roundabout at an intersection. Note that
this is not intended to be all-encompassing, nor is it intended to reflect minimum

Exhibit 3-1

Clarify the Objectives .
y ) Planning Framework

Jarifying the objective for considering a
roundabout at the beginning of the process
may help to better guide the selection of an

Consider the Context
e |[sthisthe first roundabout in acommunity or
are roundabouts already well established?
o Arethereregional policy constraintsthat must

be addressed? appropriate treatment and determine the need
o Are there site-specific and/or community for additional information.
impact reasonswhy aroundabout of any size o Istheimprovement needed from an

would not be agood choice?

e What are the site constraints?

e What isthe potential for future growth within
the vicinity?

operational or safety perspective?Both?
e |stheimprovement desired to control
vehicle speeds?
e |stheimprovement intended purely for

e What isthe current or desired environment for aesthetic reasons?Bc.

non-motorized modes?

!

Determine Preliminary Lane Numbers Based on
Capacity Requirements (Section 3.5)
Section 3.5 provides a useful methodology for obtaining a
basic understanding of the required number of lanes. Chapter
4 provides additional detail on operational analysis.

v

v

Determine the Space Requirements
How big doesit need to be and isthere enough
right-of-way to build it? Thisisa potential
rejection point in some locationsdue to potential
cost or the additional administrative complications
caused by right-of-way acquisition. Section 3.5
providesadditional information for evaluating the
space requirements based upon the required

Compare to Other Alternatives
Make appropriate comparisonswith alternative
intersection treatments.

A

number of lanes.

Assess Other Impacts
Are there other impactsthat may occur from the
roundabout, such as:
° Utilities,
. Existing buildings/structures,
. Business access, and
. Sensitive environmental areas.

Assess Other Opportunities
Doesthe roundabout offer any opportunities
to improve existing conditions, such as:

e Improve access management,

e Simulate redevelopment,

e |mprove safety, and

e |mprove oddly shaped intersection or other
poor geometric condition.

!

Isaroundabout feasible and/or a preferred alternative worthy of advancing for
additional analysisand design?

Chapter 3/Planning
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Suggested contents of a round-
about feasibility study report.

requirements. Rather, it is intended to provide a general framework for the steps
typically necessary in identifying feasibility.

The results of the steps above should be documented to some extent. The level
of detail in the documentation will vary among agencies and will be influenced by
the size and complexity of the roundabout. A roundabout feasibility study report
may include the following elements:

It may identify why a roundabout is being considered as an improvement
alternative at this intersection.

It may identify the current status of traffic operations and safety at the
intersection for comparison with expected roundabout performance.

It may identify a conceptual roundabout configuration, which includes
the number of lanes on each approach and the designation of those
lanes.

It may demonstrate whether an appropriately sized and configured
roundabout can be implemented feasibly.

It may identify all potential complicating factors, assess their relevance
to the location, and identify any mitigation efforts that might be
required.

Where more complete or formal rationale is necessary, the roundabout feasi-
bility study report may also include the following additional considerations:

It may demonstrate institutional and community support, indicating that
key institutions (e.g., police, fire department, and schools) and key com-
munity leaders have been consulted.

It may give detailed performance comparisons (including delay, capacity,
emissions, and/or interaction effects with nearby intersections) of the
roundabout with alternative control modes.

It may include an economic analysis indicating that a roundabout
compares favorably with alternative control modes from a benefit-cost
perspective.

It may include a detailed discussion about potential trade-offs between
safety, operations, and design.

It may include detailed appendices containing traffic volume data, signal
or all-way stop-control warrant analysis, and so on.

3.3 CONSIDERATIONS OF CONTEXT

Adherence to sound planning and engineering principles will ensure that the
decision to install a roundabout in a specific location is made appropriately. This
guide focuses on principles, recognizing that each specific case or instance brings
with it a myriad of unique opportunities and challenges.
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3.3.1 DECISION ENVIRONMENTS

The decision process for considering a roundabout can be significantly influ-
enced by the environment in which the roundabout is being considered. While
the same basic analysis tools and concepts apply to all environments, the relative
importance of the various aspects and observations may differ, as may other policy
decisions. At least three environments present unique opportunities and challenges
for roundabout implementation: roundabouts in a new roadway system, the first
roundabout in an area, and a retrofit of an existing intersection.

A new roadway system. Fewer constraints are imposed if the location under
consideration is not a part of an existing roadway system. Right-of-way is usually
easier to acquire or commit. Other intersection forms also offer viable alternatives
to roundabouts. There are often no field observations of site-specific problems that
must be addressed. This situation is more commonly faced by private development
than by public agencies, and thus coordination between private and public interests
in the planning, analysis, and design of the roundabout becomes important.

The first roundabout in an area. The first roundabout in any geographic area
often faces significantly higher levels of public interest, if not apprehension, in the
concept of a roundabout, and an early failure of the process could take years to
recover from. This situation requires an implementing agency to be diligent
regarding operational and design aspects of roundabouts, community impacts,
user needs, and public acceptability, and to work interactively with the public and
elected officials in communicating those aspects. On the other hand, a successfully
implemented roundabout, especially one that solves a demonstrated problem,
could be an important factor in gaining support for future roundabouts at appro-
priate locations. Some important considerations for this decision environment
include the following:

»  Efforts should be directed toward gaining community and institutional
support for the selection of a site for the first roundabout in an area. Public
acceptance, as for any complex project, requires agency staff to understand
the potential issues and communicate these effectively with the impacted
community.

* Anextensive justification effort may be necessary to gain the required
support, accomplished through one or several of the techniques outlined
in Section 3.8 (Public Involvement).

e A cautious and conservative approach may be appropriate; careful con-
sideration should be given to conditions that suggest that the benefits of a
roundabout might not be fully realized. Collecting data on current users
of the intersection can provide important insights regarding potential
issues and design needs.

¢ A single-lane roundabout in the near-term is more easily understood by
most drivers and therefore may have a higher probability of acceptance
by the motoring public. However, in several communities throughout
the United States, multilane roundabouts have been quite successful as
the first roundabouts within the area. A focus on good design and public
education is important when considering a multilane roundabout.

Will the roundabout be:

o Part of a new roadway?

o The first in an area?

o A retrofit of an existing
intersection?

The first roundabout in an
area may require greater
education and justification
efforts. Single-lane round-
abouts will generally be more
easily understood initially than
multilane roundabouts.
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e The choice of design and analysis procedures could set a precedent for
future roundabout implementation; therefore, the full range of design
and analysis alternatives should be explored in consultation with other
operating agencies in the region.

e After the roundabout is constructed, evaluating and documenting its
operation and the public response could support future installations.

Many agencies that are contemplating the construction of their first round-
about have a natural tendency to keep the roundabout as simple as possible. This
typically means jurisdictions are reluctant to introduce multilane roundabouts
until single-lane roundabouts have gained some success. It is also a common
desire to avoid intersection designs that require additional right-of-way because
of the effort and expense involved in right-of-way acquisition. Important ques-
tions to be addressed in the planning phase are therefore:

e Will a minimally configured roundabout (i.e., single-lane entrances and
circulatory roadway) provide adequate capacity and performance for
all users, or will additional lanes be required on some legs or at some
future time?

e Can the roundabout be constructed within the existing right-of-way, or
will it be necessary to acquire additional space beyond the property lines?

e Ifadditional right-of-way is indeed required at the intersection to construct
a roundabout, are there opportunities to reduce the overall cross section of
the adjacent roads to offset the impact and provide a benefit to properties
near the roundabout?

¢ Can asingle-lane roundabout be designed for economical future expan-
sion to accommodate growth?

Retrofit to an existing intersection in an area where roundabouts have already gained
acceptance. This environment is one in which a solution to a site-specific problem is
being sought. Communities with experience limited to single-lane roundabouts
may now be comfortable pursuing opportunities to use higher-capacity multilane
roundabouts. Within the region, design and evaluation procedures may also be
better defined than in communities that are exploring their first roundabouts.
The basic objectives of the selection process in this case are to demonstrate how
the community will be affected and that a roundabout will function properly
during the peak period within the capacity limits imposed by the space available,
and to decide which one is the preferred alternative. If the required configuration
involves additional right-of-way, a more detailed analysis will probably be necessary
using the methodology described in Chapter 4.

3.3.2 SITE-SPECIFIC CONDITIONS

Within the context of evaluating intersection alternatives, each individual
location has its own unique characteristics, issues, and objectives for improvement.
The optimal control choice will be the one that best balances those objectives.
Roundabouts offer benefits under many circumstances; however, they may also be
more complicated to implement in comparison to other control types. The following
discussion identifies several site-related factors that may significantly influence a
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roundabout design. These factors should be taken into consideration when com-
paring alternatives and how well each balances the improvement objectives:

e Physical or geometric complications may significantly influence a round-
about’s design and may make a roundabout infeasible or uneconomical.
These could include right-of-way limitations, grades or unfavorable topog-
raphy, utility conflicts, drainage problems, intersection skew, and so on.

e Designated routes or proximity of generators of significant types of
traffic may result in vehicles with difficulty negotiating the roundabout,
such as oversized trucks (also known as “superloads”). At the planning
stage, the evaluation of the space requirement may warrant the consid-
eration of a larger footprint to accommodate high volumes of oversized
vehicles.

e Other nearby traffic control devices requiring preemption, such as at-grade
rail crossings, could create queuing interactions with the roundabout that
need to be addressed.

* Nearby bottlenecks could routinely back up traffic into the roundabout,
such as over-capacity signals or drawbridges. The successful operation of
a roundabout depends on unimpeded flow on the circulatory roadway. If
traffic on the circulatory roadway comes to a halt, momentary intersection
gridlock can occur. In comparison, other intersection treatments may have
fewer adverse effects under those conditions.

e Intersections of a major arterial and a minor arterial or local road could
create an unacceptable delay to the major road. Roundabouts delay and
deflect all traffic entering the intersection and could introduce excessive
delay or speed inconsistencies to flow on the major arterial.

e Heavy pedestrian or bicycle movements could conflict with high motor
vehicle traffic volumes.

¢ Insituations with intersections located on arterial streets within a coordi-
nated signal network, the level of service on the arterial might be better
with a signalized intersection operating in coordination to minimize arterial
through movement delay.

The existence of one or more of these conditions does not necessarily preclude
the installation of a roundabout. Roundabouts have, in fact, been built at locations
that exhibit nearly all of the conditions listed above. Such factors may be resolved
in several ways:

e They may be determined to be insignificant at the specific site;

e They may be resolved by operational modeling or by adding specific
design features;

e They may be resolved through coordination with and support from other
agencies, such as the local fire department, school district, and so forth; or

e Insome cases, specific design treatments may be required to address
concerns.
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It may be easier to install the
first roundabout in an area in
a location with the fewest
complications. On the other
hand, a successful roundabout
in a complicated area can often
make subsequent roundabouts
easier to install.

While not every complicating factor needs to be completely resolved prior to
the choice of a roundabout as the preferred intersection alternative, each should
have a reasonable certainty of resolution to ensure a successful project.

The effect of a particular factor will often depend on the degree to which round-
abouts have been implemented in the region. There are conditions that would not
be expected to pose problems in areas in which roundabouts are an established
form of intersection control that is accepted by the public. On the other hand, some
conditions may suggest that the installation of a roundabout be deferred until this
control mode has demonstrated regional acceptance. Most agencies have an under-
standable reluctance to introduce complications at their first roundabout.

3.4 POTENTIAL APPLICATIONS

Roundabouts serve as one potential tool within the toolbox of intersection
control options and should be considered in a wide array of possible applications.
There are numerous reasons for selecting a roundabout as a preferred alternative,
with each reason carrying its own considerations and trade-offs. This section pro-
vides a cursory overview of several example locations or situations where round-
abouts are often considered. It also highlights situations where trade-offs may
exist or certain aspects of the overall roundabout design may require further
investigation to determine the feasibility of a roundabout and whether it is the
preferred alternative.

Strategies and methods to address potential issues associated with these and
other applications with respect to operations, safety, and geometric design of
roundabouts can be found in Chapters 4, 5, and 6, respectively.
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3.4.1 NEW RESIDENTIAL SUBDIVISION

Developers have begun to use roundabouts in residential subdivisions with
increasing frequency (see Exhibit 3-2). Roundabouts provide a variety of operational
and aesthetic benefits and create a sense of place that is attractive to developers and

homeowners.
Exhibit 3-2
Residential Subdivision
Denver, Colorado
Benefits Considerations
e  Calming effect on traffic promotes e  Design vehicle (emergencyffire,
lower travel speeds garbage, large moving trucks)
e Aesthetic benefits (community e  Right-of-way needs
enhancement/gateway treatment) . Driveway access to corner properties
e  Single-lane roundabout often e Landscaping
appropriate given relatively low traffic . Illumination
volumes within neighborhoods
. Pedestrian and bicycle friendly
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3.4.2 URBAN CENTERS

Urban settings (see Exhibit 3-3) are active areas and typically have a mix of
competing considerations and users—passenger cars, buses, emergency vehicles,
trucks, pedestrians, and bicyclists—throughout the day, all in a constrained
environment. Roundabouts may be considered an optimal choice in situations
where existing or planned access-management strategies along a corridor facil-
itate U-turn movements at nearby intersections. Roundabouts accommodate
U-turns without requiring tight turning radii for vehicles or introducing significant
amounts of delay to left-turning vehicles at conventional intersections.

Exhibit 3-3
Urban Center

Annapolis, Maryland

Benefits

Considerations

. Promotes lower vehicular speeds and can
reduce delay and emissions

. Enhances pedestrian safety

. Provides for aesthetic treatments
(monuments, landscaping, etc.)

. Low maintenance (no signals, detector
loops)

e  Complementary to access management
programs

Design vehicle

Right-of-way needs
Accessibility for pedestrians
who are blind or have low vision
Emergency vehicle
access/parking

Roadway system operations
(e.g., interaction with adjacent
signals)

Sight distance
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3.4.3 SUBURBAN MUNICIPALITIES AND SMALL TOWNS

Smaller municipalities are often ideal locations to consider roundabouts
(see Exhibit 3-4). Right-of-way is often less constrained, traffic volumes are
lower, and the aesthetic opportunities for landscaping and gateway treatments
are enticing. Existing operational and/or safety deficiencies can also often be
addressed.

Brunswick, Maryland

Benefits

Considerations

May improve operations and
decrease delay compared to two-way
stop-control (TWSC) or signalized
control

May provide a safer alternative to
signalized control for locations where
TWSC fails but minor street volumes
remain relatively low

May address an existing safety
deficiency

Lower speeds

Lower maintenance costs

Design vehicle

Pedestrian, bicycle, and transit access
Central island maintenance
Intersection visibility under high speed
conditions

: An Informational Guide

Exhibit 3-4
Small Town/Municipality
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Exhibit 3-5
Rural Setting

3.4.4 RURAL SETTINGS AND SMALL COMMUNITIES

Rural settings typically have different needs than urban centers or larger
communities. Safety may often be the driving factor over capacity in making a
roundabout an appealing choice. Within small communities along an extended
highway, a roundabout is ideal for supporting speed reductions. Roundabouts
have been demonstrated to be a particularly effective treatment in reducing fatali-
ties and injuries at intersections on high-speed roadways.

Roundabouts located on high speed roadways, particularly in rural settings
(see Exhibit 3-5), may require additional design modifications to slow drivers in
advance of the intersection. These can include geometric design features such as
extended splitter islands and introducing horizontal curvature on high-speed
approaches to slow drivers, using the physical alignment of the roadway rather
than speed zones (signs) and other passive methods.

Clackamas County, Oregon

Benefits Considerations
. May improve operations and . Design vehicle
decrease delay compared to TWSC or e  Pedestrian, bicycle and transit access
signalized control . Central island maintenance
. May provide safer alternative to . Intersection visibility under high speed
signalized control for locations where conditions
TWSC fails but minor street volumes . lllumination

remain relatively low

. May address an existing safety
deficiency

. Lower speeds

e Lower maintenance costs
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3.4.5 SCHOOLS

Roundabouts may be an optimal choice for intersection control in the
vicinity of schools (see Exhibit 3-6). One primary benefit is the reduction of vehicle
speeds in and around the roundabout. Roundabouts improve pedestrian crossing
opportunities, providing mid-block refuge and the ability for pedestrians to
focus on one traffic stream at a time while crossing. Lower speeds also reduce
the severity of vehicle-pedestrian crashes. Near schools, single-lane roundabouts
are generally preferable to multilane roundabouts due to simpler crossings for
children. However, if the traffic volume is sufficiently high, a multilane round-
about may still be preferable to a large signalized intersection.

Exhibit 3-6
Schools

Clearwater, Florida

Benefits Considerations
. Lower vehicle speeds in and around e  Design vehicle (school bus, emergency
intersection vehicles)
. Improved pedestrian and vehicle . Right-of-way
safety e  User education and outreach
. Landscaping and gateway treatment . If crossing guards are used, the
distance between crosswalks may
require two crossing guards instead of
one.
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Exhibit 3-7
Interchanges

The planning focus for commu-
nity enhancement roundabouts
should be to demonstrate that
they will not create traffic prob-
lems that do not now exist.

3.4.6 INTERCHANGES

Interchange ramp terminals are potential candidates for roundabout inter-
section treatment (see Exhibit 3-7). This is especially true if the subject interchange
typically has a high proportion of left-turn flows from the off-ramps and to the
on-ramps during certain peak periods, combined with limited queue storage
space on the bridge crossing, off-ramps, or cross street approaches. Roundabouts
at ramp terminals may also reduce the required width and/or length of bridges,
providing a significant cost benefit.

Gig Harbor, Washington

Benefits Considerations
e  Lower vehicle speeds and reduced . Design vehicle (trucks, emergency
speed differential through interchange vehicles)
area . Right-of-way
e  Narrower bridge cross section— e  Signing and wayfinding
reduced cost . Driver familiarity
. Landscaping and gateway treatments

3.4.7 GATEWAY AND TRAFFIC CALMING TREATMENTS

Roundabouts have been used as a part of a community enhancement project
and not necessarily as a solution to capacity or safety problems. Such projects
are often located in commercial and civic districts as a gateway treatment (see
Exhibit 3-8) to convey a change of environment and to encourage traffic to slow
down. A roundabout may also be appropriate as a traffic calming measure when
the following conditions are present:

e Documented observations of speeding, high traffic volumes, or careless
driving activities;
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¢ Inadequate space for roadside activities, or a need to provide slower, safer
conditions for both vehicular and non-automobile users; or

e New construction (road opening, traffic signal, new road, etc.) that would
potentially increase the volumes of cut-through traffic.

Roundabouts proposed as gateway treatments often require less rigorous Conditions that traffic calming
. . 3 . roundabouts may address.
analysis as a traffic control device. The main focus of roundabouts proposed as
traffic calming features should be to demonstrate that they would not introduce
traffic problems that do not currently exist. Particular attention should be given
to any complications that could induce operational or safety problems.

Exhibit 3-8
Gateway Treatment

Naples, Florida

Benefits Considerations
e  Central island provides ample space e Design vehicle (trucks, emergency
for aesthetic treatments vehicles)
. Minimal impact to traffic operations . Right-of-way
. Increases landscaping opportunities

Mini-roundabouts can be appropriate for traffic calming purposes at local
street intersections or intersections of minor collectors and local streets. Small,
single-lane roundabouts are typically preferable for traffic calming purposes at
intersections of two collector streets. Traffic volumes are typically well below
the thresholds for single-lane roundabouts discussed in Section 3.5.

3.4.8 COMMERCIAL DEVELOPMENTS

Roundabouts in commercial developments provide for a central focus point
for a development and enhance aesthetic qualities (see Exhibit 3-9). They are also
able to process high volumes of traffic when properly designed.
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Exhibit 3-9
Commercial Developments

Westminster, Colorado

Benefits

Considerations

Introduce geometric delay to slow
drivers

Improve safety of both vehicular and
non-automobile users

Landscaping opportunities can
enhance local neighborhoods

Where a series of roundaboutsis used,
the roundaboutsallow for easy U-turn
movements, SO minor commercial
driveways can easily be restricted to
right-in, right-out, improving safety
between intersectionsaswell.

Design vehicle (emergency vehicles,
moving trucks)

Rght-of-way

Accessto adjacent propertiesinto or
near the roundabout
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3.4.9 UNUSUAL GEOMETRY

Intersections with unusual geometric configurations, intersection angles,
or more than four legs are often difficult to manage operationally (see Exhibit 3-10).
Roundabouts are a proven traffic control device in such situations, effectively
managing traffic flows without the need for costly expenditures on unique signal
controller equipment or unusual signal timing.

Exhibit 3-10
Unusual Geometry

Colville, Washington

Benefits Considerations
. Effectively manage traffic flows in . Design vehicle (trucks, emergency
situations with unigue geometric vehicles)
conditions . Right-of-way
. Reduced delay compared to . Entry path deflection and
signalized scenarios alignment
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3.4.10 CLOSELY SPACED INTERSECTIONS

Roundabouts balance traffic flows and manage queue lengths between closely
spaced intersections. The example shown in Exhibit 3-11 serves as the intersection
of three streets configured into a pair of roundabouts.

Exhibit 3-11
Closely Spaced Intersections

Buffalo, New York

Benefits Considerations
e  Reduce queues and balance traffic e  Capacity analysis needed to confirm
flow operations
e  Accommodate range of access (public . Right-of-way
and private)

3.5 PLANNING-LEVEL SIZING
AND SPACE REQUIREMENTS

Numbers of lanes and space This section discusses planning-level techniques to determine the type
requirements are important . . .
planning analysis results. of roundabout. Capacity and size are interrelated based on the number of
lanes that will be required to accommodate the forecast traffic volumes.
Section 3.5.1 provides a method for determining necessary lanes based on
average annual daily traffic (AADT) volume data or a more refined method
using turning-movement volumes. Planning-level capacity information for
mini-roundabouts is provided in Section 3.5.2. Based upon the identified
number of lanes required for the roundabout, the size and general footprint
can be estimated using information provided in Section 3.5.3. Additional
design considerations that correspond to the required size of the roundabout
are provided in Section 3.5.4.
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In general, single-lane roundabouts have a number of benefits over larger
multilane roundabouts, including improved safety performance, simpler navigation
for pedestrian and bicycle users, smaller footprints, and ease of use for motorists.
Therefore, practitioners should reconsider the traditional transportation planning
technique of using a 20-year traffic horizon for sizing a roundabout. If design-year
traffic volumes indicate the need for a multilane roundabout but this need is not
likely for several years, consideration should be given to phasing in the roundabout
implementation so that it can be built initially as a single-lane roundabout. How-
ever, it should also be designed to be readily expandable to a multilane roundabout
if the traffic volumes actually increase as predicted. Chapter 6 provides additional
discussions regarding the design of roundabouts for expandability.

3.5.1 PLANNING ESTIMATES OF LANE REQUIREMENTS

A basic question that needs to be answered at the planning level is how many
lanes are required throughout a roundabout to serve the traffic demand. The
number of lanes not only affects the capacity of the roundabout but also its size.
This section provides planning-level considerations for the purpose of the initial
screening of roundabout feasibility. More detailed operational analyses (Chapter 4)
may be required at later stages to confirm the planning level findings. Some
assumptions and approximations have been necessary in this chapter to produce a
planning-level approach.

High-level planning often requires an initial screening of alternatives where
turning-movement data may not be available but AADT volumes are known.
Exhibit 3-12 presents ranges of AADT volumes to identify scenarios under which
single- and two-lane roundabouts may perform adequately. A range of left turns
from 0% to 40% of the total volume is an input to Exhibit 3-12 to improve the
prediction of the potential capacity. The percentage of left turns on any given
approach affects the conflicting volumes on other entries. Therefore, the potential
capacity of the roundabout is reduced as the percentage of left turns increases.

Within Exhibit 3-12, four general ranges of volumes are identified. These
ranges represent volume thresholds where one-lane or two-lane roundabouts
should operate acceptably and ranges of volumes over which more detailed
analysis is required. This procedure is offered as a simple, conservative method
for estimating roundabout lane requirements. As an example, if the twenty-four-
hour volumes fall within the lowest range of volumes indicated in Exhibit 3-12, a
single-lane roundabout should have no operational problems at any time of the
day. This graph is applicable for the following conditions, with other conditions
requiring more detailed analysis:

e Ratio of peak-hour to daily traffic (K) of 0.09 to 0.10,

e Direction distribution of traffic (D) of 0.52 to 0.58,

e Ratio of minor street to total entering traffic of 0.33 to 0.50, and
e Acceptable volume-to-capacity ratio of 0.85 to 1.00.

The intermediate threshold for each type of roundabout (one-lane and two-
lane) is based on the most conservative combination of the above factors; the
upper threshold is based on the combination to produce the highest AADT

: An Informational Guide
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Exhibit 3-12
Planning-Level Daily
Intersection Volumes

(e.g., Kof 0.09, D of 0.52, minor street ratio of 0.50, and volume-to-capacity
ratio of 1.00). It is suggested that a reasonable approximation of lane require-
ments for a three-leg roundabout may be obtained using 75% of the service
volumes shown on Exhibit 3-12.

50,000
—
45,000
-~
40,000
35000 Double-lane roundabout may be
' sufficient (additional analysis needed)
30,000 f+—== === = N
E - A R N L T .
< 25,000
< Single-lane roundabout may be
20,000 T{ sufficient (additional analysis needed)
I e
000 +4—Hn——0—m">2m"m"m"—-——“"—Fp———————F === ==
10.000 1} Single-lane roundabout | Double-lane roundabout
' likely to operate acceptably likely to operate acceptably
5,000
O v v
0% 10% 20% 30% 40%

Left-Turn Percentage

If the volumes fall within the ranges identified in Exhibit 3-12 where “addi-
tional analysis is needed,” a single-lane or two-lane roundabout may still func-
tion quite well, but a closer look at the actual turning-movement volumes during

the design hour is required. The procedure for such analysis is presented in
Chapter 4.

Where existing and/or projected turning-movement data is available at the
planning level, an improved estimate of the required lane configurations can be
identified. Even if future projections of turning movements are not available,
estimating future turning movements using existing turning movements and a
reasonable annual growth rate may provide a sufficient level of accuracy for this
planning exercise. The procedure provided within this section is a simplification
of the capacity estimates presented in Chapter 4.

The capacity of a roundabout is generally driven by the amount of conflict-
ing traffic (vehicles traveling along the circulatory roadway) that is present at
each roundabout entry. High conflicting volumes reduce the number of oppor-
tunities for vehicles to enter the roundabout and therefore reduce the capacity
of a particular approach leg. Conversely, where low conflicting traffic volumes
are present, the approach leg will have a higher capacity and allow for a higher
number of vehicles to enter the roundabout. Each approach leg of the round-
about is evaluated individually to determine the number of entering lanes that are
required based upon the conflicting flow rates. The number of lanes within the
circulatory roadway is then the number of lanes needed to provide lane continuity
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through the intersection. More detailed lane assignments and refinements to the
lane configurations can be determined later through a more formal operations
analysis.

— Exhibit 3-13

_E Traffic Flows at a Roundabout
-— Entry
-_—
-_—

Rule of Thumb: If the sum of
the entering and circulating
volumes for each approach is
less than 1,000 veh/h, then a
single-lane roundabout is likely
to operate acceptably.

The sum of the entering (v,) and conflicting (v.) traffic volumes, as illustrated
in Exhibit 3-13, can be used to evaluate the number of lanes required on the entry
(1). If the sum of the entering and conflicting volumes is less than 1,000 vehicles per
hour (veh/h), then a single-lane entry can be reasonably assumed to operate within
its capacity. Exhibit 3-14 provides additional planning-level lane requirements for
various combinations of entering and circulating volumes, and Exhibit 3-15 gives
an example of planning-level calculations.

Volume Range Exhibit 3-14
(sum of entering and conflicting Volume Thresholds for
volumes) Number of Lanes Required Determining the Number of

) ) o Entry Lanes Required
0to 1,000 veh/h . Single-lane entry likely to be sufficient

. Two-lane entry may be needed
1,000 to 1,300 veh/h . Single-lane may be sufficient based upon more
detailed analysis.

1,300 to 1,800 veh/h . Two-lane entry likely to be sufficient

. More than two entering lanes may be required
Above 1,800 veh/h = A more detailed capacity evaluation should be
conducted to verify lane numbers and
arrangements.

Source: New York State Department of Transportation
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Exhibit 3-15

Example Planning-Level
Exercise for Determining
Required Numbers of
Lanes Using Turning-
Movement Data

Example: Estimating Number of Lanes Using Turning-Movement
Volumes

Question
How many lanes are required to serve these design-year traffic volumes:

Calculations

Entering volume + Circulating volume = X Comepare to Exhibit 3-14

250 + 617 = 867 <1,000 Single Lane OK
534 + 224 =758 <1,000 Single Lane OK
317 + 534 =851 <1,000 Single Lane OK
751 + 203 = 954 <1,000 Single Lane OK

Conclusions

Using the traffic data identified above and the volume ranges in Exhibit 3-14, a
single-lane roundabout would be estimated to adequately handle the design-year
traffic volumes for each individual approach. Therefore, a single-lane roundabout
could be advanced forward for the rest of the planning-level evaluations, including
estimates of the intersection footprint (right-of-way needs) and impacts.

3.5.2 MINI-ROUNDABOUTS

Mini-roundabouts are distinguished from traditional roundabouts primarily
by their smaller size and more compact geometry. They are typically designed for
negotiating speeds of 15 mph (25 km/h). Inscribed circle diameters generally vary
from 45 to 80 ft (13 to 25 m). For most applications peak-period capacity is seldom
an issue, and most mini-roundabouts operate on residential or collector streets at
demand levels well below their capacity. It is important, however, to be able to
assess the capacity of any proposed intersection design to ensure that the intersec-
tion would function properly if constructed.

At very small roundabouts, it is reasonable to assume that each quadrant of
the circulatory roadway can accommodate only one vehicle at a time. In other
words, a vehicle may not enter the circulatory roadway unless the quadrant on
both sides of the approach is empty. Given a set of demand volumes for each of
the 12 standard movements at a four-leg roundabout, it is possible to simulate
the roundabout to estimate the maximum service volumes and delay for each
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approach. By making assumptions about the proportion of left turns and the
proportion of cross-street traffic, a general estimate of the total entry maximum
service volumes of the roundabout can be made; an example is provided in
Exhibit 3-16. AADT maximum service volumes are represented based on an
assumed K value of 0.10. Note that these volumes range from slightly more
than 12,000 to slightly less than 16,000 vehicles per day. The maximum through-
put is achieved with an equal proportion of vehicles on the major and minor
roads and with low proportions of left turns.

18,000

16,000

AADT Capacity (vehicles)

14,000 o —&

12,000
10,000
8,000
6,000
4,000

2,000

0 T T
10% 30% 50%

Percent Left Turns

|-0— 25% Cross Traffic <#i=50% Cross Traffic |

Because of their mountable nature, mini-roundabouts do not provide the
same degree of visibility and channelization provided by larger roundabouts with
raised islands. As a result, mini-roundabouts have some notable limitations in
application:

Mini-roundabouts are recommended primarily for areas in which all
approaching roadways have an 85th-percentile speed of less than 30 mph
(50 km/h) or less. Although some traffic calming may result from their
use (and they could be integrated into a broader system of traffic calming
measures), the mini-roundabout should be limited to use in lower speed
environments.

Mini-roundabouts are not recommended in locations in which high
U-turn traffic is expected, such as at the ends of street segments with
access restrictions. However, the mini-roundabout should be designed
to accommodate U-turns for passenger cars. Due to radius restrictions of
the small inscribed circle diameter, larger vehicles may not be capable of
making a U-turn movement.

Mini-roundabouts are not well suited for high volumes of trucks, as
trucks will occupy most of the intersection when turning, significantly

Exhibit 3-16
Planning-Level Maximum
Daily Service Volumes for
Mini-Roundabouts

Mini-roundabouts are not
recommended where
approach speeds are greater
than 30 mph (50 km/h), nor in
locations with high U-turning
volumes.
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Although roundabouts typically
require more area at the junc-
tion compared to conventional
intersections, they may not
need as much area on the
approaches.

reducing the capacity of a mini-roundabout. Additionally, high volumes
of trucks overrunning the central island may lead to rapid wear of the
roadway markings.

3.5.3 SPACE REQUIREMENTS

An initial estimate of the space (footprint) required for a roundabout is a com-
mon question at the planning stage and may affect the feasibility of a roundabout
at any given location. At this planning level, important questions may begin to be
explored including;:

e Issufficient space available to accommodate an appropriately sized
roundabout?

e What property impacts might be expected?
e Isadditional right-of-way likely to be required?

e Are there physical constraints that may affect the location and design of
the roundabout?

Due to the need to accommodate large trucks (such as WB-50 or WB-67 tractor-
trailer combinations) through the intersection, roundabouts typically require
more space than conventional intersections. However, this may be offset by
the space saved compared with turning lane requirements at alternative inter-
section forms.

The key indicator of the required space is the inscribed circle diameter. A
detailed design is required to determine the space requirements at a specific site,
especially if more than one lane is needed to accommodate the entering and
circulating traffic.

One important question is whether or not the proposed roundabout will fit
within the existing property lines or whether additional right-of-way will be
required. Exhibit 3-17 and Exhibit 3-18 illustrate that roundabouts typically
require more area at the junction than conventional intersections. (Mini-
roundabouts are not shown because they are assumed to be located within the
footprint of a conventional intersection.) However, as capacity needs increase
the size of the roundabout and comparable conventional (signalized) intersec-
tion, the increase in space requirements is increasingly offset by a reduction in
space requirements on the approaches. This is because the widening or flaring
required for a roundabout can be accomplished in a shorter distance than is
typically required to develop left-turn lanes and transition tapers at conven-
tional intersections. Intersection skew can also affect the area impacts, and may
require approach realignment or a large inscribed circle diameter to obtain
appropriate geometry.

Roundabouts often offer the potential for reducing special requirements
on approaches compared to conventional intersections. This effect of providing
capacity at the intersections while reducing lane requirements between inter-
sections, known as the wide nodes, narrow roads concept, is discussed further
in Chapter 2.
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3.5.4 DESIGN CONSIDERATIONS

Designing roundabouts involves trade-offs among safety, capacity, impacts,
costs, and other factors. While a much more detailed discussion regarding
roundabout geometric design is provided in Chapter 6, fundamental design
considerations should be evaluated early on at a planning level to produce a
better understanding of the size and potential impacts for the roundabout
alternative. In the end, designing a roundabout involves determining the
optimal balance between safety, operational performance, and accommodating
appropriate design vehicles given the specific parameters and constraints for
the site under evaluation.

3.5.4.1 Design Vehicle

The choice of design vehicle will vary depending upon the approaching road-
way types and the surrounding land use characteristics. The local or state agency
with jurisdiction of the associated roadways should usually be consulted to iden-
tify the design vehicle at each site. Appropriate design vehicle consideration will
depend on road classification, input from jurisdictions and/or road authorities,
and the surrounding environment. On larger statewide facilities, such as interstate
freeway ramps or intersections with state highway facilities, it may be necessary
to accommodate large WB-67 trucks or even oversized vehicles (superloads).
Smaller design vehicles may often be chosen at local street intersections. The size
of the design vehicle often has a direct effect on the size of the inscribed circle
diameter required.

In general, larger roundabouts are often used to accommodate large vehicles
while maintaining low speeds for passenger vehicles. In some cases, land

Exhibit 3-17

Area Comparison: Single-
Lane Roundabout versus
Comparable Signalized
Intersection
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Exhibit 3-18

Area Comparison: Multilane
Roundabout versus Compara-
ble Signalized Intersection
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constraints also dictate the need for approach re-alignment to adequately
accommodate large semi-trailer combinations while achieving appropriate
deflection for small vehicles. In particular, at locations where a WB-67 is anticipated
to be the design vehicle, a larger inscribed circle diameter should be planned for
when estimating the space requirements of the roundabout.

Design vehicles alone should not dictate roundabout designs or specific
dimensions. It is often beneficial to engage local stakeholders to ensure that the
proper design is developed. In the case of larger vehicles, it may be appropriate to
choose another route entirely, negating the need to design the roundabout to
accommodate these vehicles. In rural locations, a farm vehicle may be the most
appropriate design vehicle and require special attention.

3.5.4.2 Speeds and Path Alignment

Achieving appropriate vehicular speeds through the roundabout is a critical
design objective that may affect safety. A well-designed roundabout reduces the
relative speeds between conflicting traffic streams by requiring vehicles to negoti-

ate the roundabout along a curved path. Any conceptual design(s) prepared at the
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planning level should depict reasonable entry deflection for speed control.
Detailed procedures for evaluating the fastest path speeds through a roundabout
are provided in Chapter 6 and may be used to verify reasonableness.

In addition to evaluating vehicle speeds, the design of a multilane roundabout
should naturally align entering lanes into their appropriate lane within the circu-
latory roadway and then to the appropriate lanes on the exit. If the alignment of
one lane interferes or overlaps with that of an adjacent lane, the roundabout may
not operate as safely or efficiently as possible. At the planning level, any concep-
tual designs prepared should be visually evaluated for reasonable alignment of
the entry lanes to the corresponding lanes within the circulatory roadway.

Designing to achieve both speed reductions and adequate path alignment
may require offsetting of the approach alignment to the left of the existing road-
way centerlines or other techniques that could affect the space required for the
roundabout. As such, when evaluating the space availability for a roundabout,
constraints along the approach roadways should also be identified.

3.5.4.3 Pedestrians

In urban and suburban areas where pedestrians are expected, important
design considerations include:

e Minimizing the number of travel lanes to improve the simplicity and
safety of roundabouts for pedestrians,

*  Designing for slow vehicle speeds,
* Providing sidewalks that are set back from the circulatory roadway,
e Providing well-defined and well-located crosswalks, and

e Providing splitter islands with at least a width of 6 ft (1.8 m) at the
crosswalks.

Chapter 6 includes detailed information on providing these design
considerations.

3.5.4.4 Bicyclists

Safety and usability of roundabouts for bicyclists depends on the details of the
roundabout design and special provisions for bicyclists. Since typical on-road
bicyclist travel speeds are 12 to 20 mph (19 to 32 km/h), roundabouts that are
designed to constrain the speeds of motor vehicles to similar values will minimize
the relative speeds between bicyclists and motorists and thereby improve safety
and usability for cyclists.

Single-lane roundabouts are much simpler for cyclists than multilane
roundabouts since they do not require cyclists to change lanes to make left-turn
movements or otherwise select the appropriate lane for their direction of travel.
Cyclists who have the knowledge and skills to ride effectively and safely on
roadways can navigate low-speed single lane roundabouts without much
difficulty. The primary design consideration for single-lane roundabouts is to
terminate bicycle lanes prior to roundabouts and not include bicycle lanes on
circulatory roadways.

: An Informational Guide
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At multilane roundabouts and other roundabouts where typical on-road
cyclists may not feel comfortable traversing some roundabouts in the same
manner as other vehicles, bicycle ramps can be provided to allow access to
the sidewalk or a shared-use path at the roundabout. More details about termi-
nating bicycle lanes and providing bicycle ramps at roundabouts can be found
in Chapter 6.

3.6 COMPARING PERFORMANCE
OF ALTERNATIVE INTERSECTION TYPES

A roundabout is often compared to other intersection types, usually either a
stop- or signal-controlled intersection. Chapter 4 provides operational perform-
ance evaluation models that may serve as a sound basis for comparison, but their
application may require more effort and resources than an agency is prepared to
devote in the planning stage. Similarly, Chapter 5 provides more detailed safety
evaluation procedures, but those can require more data and effort than necessary
for establishing roundabout feasibility.

To simplify the planning process, the following generalized information is
offered for a planning-level operational comparison of control modes:

* A roundabout will always provide a higher capacity and lower delays
than all-way stop-control (AWSC) operating with the same traffic
volumes.

e A roundabout is unlikely to offer better performance in terms of lower
overall delays than TWSC at intersections with minor movements
(including cross-street entry and major-street left turns) that are not
experiencing, nor predicted to experience, operational problems under
TWSC.

e Asingle-lane roundabout may be assumed to operate within its capacity
at any intersection that does not exceed the peak-hour volume warrant
for signals.

e Aroundabout that operates within its capacity will generally produce
lower delays than a signalized intersection operating with the same traffic
volumes.

Roundabouts offer significant benefits for improving safety and may easily be
justified solely on the basis of crash reductions, particularly for reducing serious
injury and fatal crashes. Recent research of roundabouts in the United States iden-
tified crash reductions of approximately 35.4% for all crashes and 75.8% for injury
crashes when an intersection was converted from a signal or stop control to a
roundabout (2). Single-lane roundabouts generally offer greater safety benefits
than multilane roundabouts due to fewer points of conflict. The decision to install
a roundabout as a safety improvement should be based on a demonstrated safety
problem of the type susceptible to correction by a roundabout. A review of crash
reports and the type of crashes occurring is essential.
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Examples of safety problems that are potentially correctable by roundabouts
include:

e High rates of crashes involving right angle, head-on, left/through, and
U-turn conflicts;

e High crash severity (injury or fatality crashes);

e Sight distance or visibility problems that reduce the effectiveness of stop
sign control (in this case, landscaping of the roundabout needs to be care-
fully considered); and

¢ Inadequate separation of movements, especially on single-lane approaches.

The remainder of this section provides additional planning-level guidance on
operational and safety comparisons to other intersection control alternatives,
including TWSC, AWSC, and signal control.

3.6.1 TWO-WAY STOP-CONTROL ALTERNATIVE

The majority of intersections in the United States operate under TWSC, and
most of these intersections operate with minimal delay. A roundabout is unlikely
to offer better performance in terms of lower overall delays than TWSC at inter-
sections with minor movements (including cross-street entry and major-street left
turns) that are not experiencing, nor predicted to experience, operational prob-
lems under TWSC. Therefore, the installation of a roundabout at a TWSC intersec-
tion that is operating satisfactorily will be difficult to justify on the basis of
operational performance improvement alone.

From a safety perspective, roundabouts offer significant benefits over TWSC
intersections. Research of U.S. roundabouts has identified that average reductions
of 44.2% for all crashes and 81.8% for injury crashes have been observed when
converting TWSC intersections to roundabouts (2). Injury reductions were found
to range between 68% and 87%, depending on the setting (urban, rural, suburban)
and whether the roundabout was single-lane or multilane. Higher crash reduc-
tions were observed in rural settings, where total crash reductions were found to
be 71.5% and injury crashes were reduced by 87.3%.

The two most common operational problems at TWSC intersections are con-
gestion on the minor street caused by a demand that exceeds capacity, and queues
that form on the major street because of inadequate capacity for left-turning vehi-
cles yielding to opposing traffic. Roundabouts may offer an effective solution to
traffic problems at TWSC intersections with heavy left turns from the major route
because they provide more favorable treatment to left turns than other control
modes. T-intersections are especially good candidates in this category because
they tend to have higher left turning volumes.

On the other hand, the problems experienced by low-volume cross-street traf-
fic at TWSC intersections with heavy through volumes on the major street are
very difficult to solve by any traffic control measure. A roundabout may be a rea-
sonable alternative even under situations where the minor street volume is low.
However, when evaluating locations where the proportion of traffic on the major
street is high, it is important to consider the context of the location when evaluat-
ing the control alternatives.

: An Informational Guide

Roundabouts offer significant
safety benefits over TWSC
intersections.

Roundabouts may offer an
effective solution at TWSC
intersections with heavy left
turns from the major street.
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Roundabouts will always offer
better operational performance
for vehicles than AWSC.

A substantial part of the delay-
reduction benefit of round-
abouts, compared to AWSC
intersections, comes during off-
peak periods.

3.6.2 ALL-WAY STOP-CONTROL ALTERNATIVE

When cross-street traffic volumes are heavy enough to meet the Manual of
Uniform Traffic Control Devices (MUTCD) (3) warrants for AWSC, roundabouts
become an especially attractive solution because of their higher capacities and
lower delays. Roundabouts can be expected to always offer better operational per-
formance for vehicles than AWSC, given the same traffic conditions. Roundabouts
that are proposed as alternatives to stop control would typically have single-lane
approaches.

A substantial part of the operational benefit of a roundabout compared to an
all-way stop intersection is obtained during the off-peak periods because the
restrictive stop control applies for the entire day. The MUTCD does not permit
stop control on a part-time basis. The extent of the benefit will depend on the
amount of traffic at the intersection and on the proportion of left turns. Left turns
degrade the operation of all traffic control modes, but they have a smaller effect
on roundabouts than stop signs or signals.

From a safety perspective, U.S. research has identified that the conversion of
an AWSC intersection to a roundabout results in an insignificant difference in
safety performance, primarily due to the low volume conditions where an AWSC
would be appropriate. Therefore, when comparing a roundabout to an AWSC
alternative, the primary considerations should be operations and cost. Round-
abouts may also offer other benefits to AWSC intersections, including use as a
gateway treatment or for community enhancement.

3.6.3 SIGNAL CONTROL ALTERNATIVE

When traffic volumes are heavy enough to warrant signalization, the selection
process becomes somewhat more rigorous. The usual basis for selection is that a
roundabout will provide better operational performance than a signal in terms of
stops, delay, vehicle queues, fuel consumption, safety, and pollution emissions.
For planning purposes, this may be assumed to be the case provided that the
roundabout is operating within its capacity. A roundabout that operates within its
capacity will generally produce lower delays than a signalized intersection oper-
ating with the same traffic volumes and right-of-way limitations. The task then
becomes to assess whether any roundabout configuration can be made to work
satisfactorily. If not, a signalized intersection and a grade separation are com-
monly the remaining alternatives.

As in the case of stop control, intersections with heavy left turns are especially
good roundabout candidates. Intersections with limited queue storage for major
street left turns or minor street movements may also make a good candidate for a
roundabout. Roundabouts are also an effective alternative to signalized control
for closely spaced intersections since signal control can be difficult to manage
vehicle queues between intersections.

Unlike traffic signal control, there are no warrants for roundabouts currently
included in the MUTCD. Each roundabout must be justified on its own merits as
the most appropriate intersection treatment alternative. It is, however, useful to
consider the case in which the traffic volumes just meet the MUTCD warrant
thresholds for traffic signals. At these volume levels a single-lane roundabout is
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anticipated to operate within its capacity and can be used to make some planning-
level comparisons of roundabout delay to signal delay. Exhibit 3-19 presents aver-
age delays per vehicle for signals and roundabouts. These values represent the
approach delay as perceived by the motorist. They do not include the geometric
delay incurred within the roundabout. It is clear from this figure that roundabout
control delays are substantially lower than signal delays, but in neither case are
the delays excessive.

Roundabouts offer significant safety benefits in comparison to signalized
intersections. Roundabouts provide an overall reduction in vehicle speed, elimi-
nate dangerous situations, such as red-light running, and remove some of the
most serious conflict points including angle, left-turn, and head-on crashes. This
results in observed safety benefits at U.S. roundabouts of 77.7% for injury crashes
and 47.8% for all crash types and severities (2).
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3.7 ECONOMIC EVALUATION

Many factors influence the amount of economic investment justified for any
type of intersection. Costs associated with roundabouts include construction
costs, engineering and design fees, land acquisition, and maintenance costs. Bene-
fits may include reduced crash rates and severity, as well as reduced delay, stops,
fuel consumption, and emissions.

When comparing costs, it is often difficult to separate the actual intersection
costs from an overall improvement project. Accordingly, the reported costs of
installing roundabouts have been shown to vary significantly from site to site. A
roundabout may cost more or less than a traffic signal, depending on the amount
of new pavement area and the extent of other roadway work required. At some
existing unsignalized intersections, a traffic signal can be installed without signifi-
cant modifications to the pavement area or curbs. In these instances, a roundabout
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Exhibit 3-19

Average Control Delay per
Vehicle at the MUTCD
Peak-Hour Signal Warrant
Thresholds

Roundabouts may require
more pavement area at the
intersection compared to a
traffic signal, but less on the
approaches and exits.
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The cost of maintaining traffic
during construction of a round-
about retrofit can be relatively
high.

is likely to be more costly to install than a traffic signal since the roundabout can
rarely be constructed without significant pavement and curb modifications.

However, at new sites and at signalized intersections that require widening
on one or more approaches to provide additional turn lanes, a roundabout can be
a comparable or less-expensive alternative. While roundabouts typically require
more pavement area at the intersection, they may require less pavement width on
the upstream approaches and downstream exits if multiple turn lanes associated
with a signalized intersection can be avoided. The cost savings of reduced
approach roadway widths is particularly advantageous at interchange ramp
terminals and other intersections adjacent to grade separations where wider
roads may result in larger bridge structures. In most cases, except potentially
for a mini-roundabout, a roundabout is more expensive to construct than the
two-way or all-way stop-controlled intersection alternatives.

Higher costs are typically incurred when a substantial amount of realignment,
grading, or drainage work is required. The cost of maintaining traffic during
construction tends to be relatively high for retrofitting roundabouts. This expense
is due mainly to the measures required to maintain existing traffic flow through
the intersection while rebuilding it in stages. Other factors contributing to high
roundabout costs are large amounts of landscaping in the central and splitter
islands, extensive signing and lighting, and the provision of curbs on all outside
pavement edges.

Operating and maintenance costs of roundabouts are somewhat higher than
for other unsignalized intersections but less than signalized intersections. In addi-
tion, traffic signals consume electricity and require periodic service (e.g., bulb
replacement, detector replacement, and periodic signal re-timing). For these rea-
sons, operating costs over a design life of 20 years or longer should be considered
when comparing between intersection treatments. Operating costs for a round-
about are generally limited to the cost of illumination (similar to signalized alter-
natives but typically more than is required for other unsignalized intersections).
Maintenance includes regular re-striping and re-paving as necessary, as well as
snow removal and storage in cold climates (these costs are also incurred by con-
ventional intersections). Landscaping may require regular maintenance as well,
including such things as pruning, mowing, and irrigation system maintenance. To
the extent that roundabouts reduce crashes compared with conventional intersec-
tions, they will reduce the number and severity of incidents that disrupt traffic
flow and may require emergency service.

The most appropriate method for evaluating public works projects of this
type is usually the benefit—cost analysis method. The following sections discuss
this method as it typically applies to roundabout evaluation, although it can be
generalized for most transportation projects.

3.7.1 METHODOLOGY

The benefit-cost method is explained in detail in a number of standard refer-
ences, including the Transportation Planning Handbook (4) and various AASHO and
AASHTO publications (5-6). The basic premise of this method of evaluation is to
compare the incremental benefit between two alternatives to the incremental costs
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between the same alternatives. Assuming Alternatives A and B, the equation for
calculating the incremental benefit—cost ratio of Alternative B relative to Alterna-
tive A is given in Equation 3-1.

Benefitsy — Benefits 4
Costsg — Costs 4

B/ Cpoa =

Benefit—cost analysis typically takes two forms. For assessing the viability of a
number of alternatives, each alternative is compared individually with a no-build
alternative. If the analysis for Alternative A relative to the no-build alternative
indicates a benefit—cost ratio exceeding 1.0, Alternative A has benefits that exceed
its costs and is thus a viable project.

For ranking alternatives, the incremental benefit—cost ratio analysis is used to
compare the relative benefits and costs between alternatives. Projects should not
be ranked based on their benefit—cost ratio relative to the no-build alternative.
After eliminating any alternatives that are not viable as compared to the no-build
alternative, alternatives are compared in a pair-wise fashion to establish the priority
between projects.

Since many of the input parameters may be estimated, a rigorous analysis
should be considered of varying the parameter values of key assumptions to
verify that the recommended alternative is robust, even under slightly varying
assumptions, and under what circumstances it may no longer be preferred.

3.7.2 ESTIMATING BENEFITS

Benefits for a public works project are generally composed of three elements:
safety benefits, operational benefits, and environmental benefits. Each benefit is
typically quantified on an annualized basis and so is readily usable in a benefit—cost
analysis. The following sections discuss these in more detail.

3.7.2.1 Safety Benefits

Safety benefits are defined as the assumed savings to the public due to a
reduction in crashes within the project area. The procedure for determining safety
benefits is as below. (Detail on the methodology can be found in Chapter 5.):

1. Quantify the existing safety history in the study area in terms of a crash
rate for each level of severity (fatal, injury, property damage). This rate,
expressed in terms of crashes per million entering vehicles, is computed
by dividing the number of crashes of a given severity that occurred during
the before period by the number of vehicles that entered the intersection
during the same period. This results in a before crash rate for each level
of severity.

2. Estimate the change in crashes of each level of severity that can be reason-
ably expected due to the proposed improvements. As documented else-
where in this guide, roundabouts tend to have proportionately greater
reductions in fatal and injury crashes than property damage crashes.

3. Determine a new expected crash rate (an after crash rate) by using the
procedures presented in Chapter 5. It is best to use local data to determine

Equation 3-1

Rank alternatives based on
their incremental benefit-cost
ratio, not on their ratio relative
to the no-build alternative.

Projects may realize safety,
operational, and environmental
benefits.
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Exhibit 3-20
Estimated Costs for Crashes
of Varying Levels of Severity

Quantify operational benefits in
terms of vehicle-hours of delay.

appropriate crash reduction factors due to geometric or traffic control
changes, as well as the assumed costs of various severity levels of crashes.

Estimate the number of after crashes of each level of severity for the life of
the project by multiplying the after crash rate by the expected number of
entering vehicles over the life of the project.

Estimate a safety benefit by multiplying the expected number of after
crashes of each level of severity by the average cost of each crash and then
annualizing the result. The values in Exhibit 3-20 can provide a starting
point, although local data should be used where available.

Economic Cost per
Crash Severity Crash
(2008 dollars)

Fatality $4,200,000
Class A (incapacitating injury) $214,200
Class B (non-incapacitating evident injury) $54,700
Class C (possible injury) $26,000
Property Damage Only (per crash) $2,400

Source: National Safety Council (7)

3.7.2.2 Operational Benefits

The operational benefits of a project may be quantified in terms of the overall
reduction in person-hours of delay to the public. Delay has a cost to the public in
terms of lost productivity, and thus a value of time can typically be assigned to
changes in estimated delay to quantify benefits associated with delay reduction.

The calculation of annual person-hours of delay can be performed with vary-
ing levels of detail, depending on the availability of data. For example, one
method for computing the vehicle-hours of delay is as follows.

1.

Estimate the delay per vehicle for each hour of the day. If turning move-
ments are available for multiple hours, this estimate can be computed
directly. If only the peak hour is available, the delay for an off-peak hour
can be approximated by proportioning the peak-hour turning movements
by total entering vehicles.

Determine the daily vehicle-hours of delay by multiplying the estimated
delay per vehicle for a given hour by the total entering vehicles during
that hour, and then aggregate the results over the entire day. If data is
available, these calculations can be separated by day of week or by week-
day, Saturday, and Sunday. In some cases it may be appropriate to assume
that the daily vehicle-hours of delay are equal to a factor, say 10, times the
delay during the peak hour.

Determine annual vehicle-hours of delay by multiplying the daily vehicle-
hours of delay by 365. If separate values have been calculated by day of
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week, first determine the weekday vehicle-hours of delay and then mul-
tiply by 52.1 (365 divided by 7). It may be appropriate to use fewer than
365 days per year because the operational benefits will not usually apply
equally on all days. For example, to provide a conservative estimate of
benefits, a value of 250 days per year could be used.

4. Convert the results to person-hours of delay using appropriate vehicle-
occupancy factors (including transit), then add pedestrian delay if
significant.

3.7.2.3 Environmental Benefits

The environmental benefits of a project are most readily quantified in terms of
reduced fuel consumption and improved air quality. Of these, reductions in fuel
consumption and the benefits associated with those reductions are typically the
simplest to determine.

One way to determine fuel consumption is to use the same procedure for esti-
mating delay as described previously. Fuel consumption is an output of several of
the models in use today, although the user is cautioned to ensure that the model is
appropriately calibrated for current U.S. conditions. Alternatively, one can esti-
mate fuel consumption by using the estimate of annual vehicle-hours of delay
and then multiplying that by an assumed fuel consumption rate during idling,
expressed as gallons per hour (liters per hour) of idling. The resulting estimate
can then be converted to a cost by assuming an average cost of fuel, expressed in
dollars per gallon (dollars per liter).

3.7.3 ESTIMATION OF COSTS

Costs for a public works project are generally composed of two elements:
capitalized construction costs (including right-of-way) and operations and
maintenance (O&M) costs. Although O&M costs are typically determined on an
annualized basis, construction costs are typically a near-term activity that must
be annualized. The following sections discuss these in more detail.

3.7.3.1 Construction Costs

Construction costs for each alternative should be calculated using normal pre-
liminary engineering cost-estimating techniques. These costs should include the
costs of any necessary earthwork, paving, bridges and retaining walls, signing
and striping, illumination, and signalization.

To convert construction costs into an annualized value for use in the
benefit—cost analysis, a capital recovery factor (CRF) should be used, shown in
Equation 3-2. This converts a present-value cost into an annualized cost over a
period of n years using an assumed discount rate of i percent.

i(1+1)"
(1+i)" -1

CRF =

where

i = discount rate
n =number of periods (years)
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Equation 3-2
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Roundabout O&M costs are
typically slightly higher than
signalized intersections for
illumination, signing, pavement
marking, and landscaping.

Signalized intersections also
have O&M costs for signal
power, bulb replacement, and
detection maintenance.

Surveys find negative public
attitudes toward roundabouts
before construction, but
positive attitudes following
construction.

Public meetings, videos and
brochures, and media
announcements are some of
the ways to educate the public
about new roundabouts.

3.7.3.2 Operation and Maintenance Costs

Operation and maintenance (O&M) costs vary significantly between round-
abouts and other forms of intersection control beyond the basic elements. Com-
mon elements include signing and pavement marking maintenance and power for
illumination, if provided.

Roundabouts typically have slightly higher illumination power and mainte-
nance costs compared to signalized or sign-controlled intersections due to a larger
number of illumination poles. Roundabouts have slightly higher signing and
pavement marking maintenance costs due to a higher number of signs and pave-
ment markings. Roundabouts also introduce additional cost associated with the
maintenance of any landscaping in and around the roundabout.

Signalized intersections have considerable additional cost associated with
power for the traffic signal and maintenance costs such as bulb replacement and
detection maintenance. Power costs vary considerably from region to region and
over time and should be verified locally. For general purposes, an annual cost of
$3,000 for providing power to a signalized intersection is a reasonable approxima-
tion. In addition, for optimal operation the signal timing for the intersection needs
to be maintained. Signal timing maintenance requires a specialized workforce and
equipment (including periodic collection of traffic count data), and often traffic
signals are added to an agency’s responsibility without a commensurate increase
in budget and workforce to accommodate this additional maintenance. Signal
retiming has been documented to cost approximately $2,500 to $3,100 per signal
and needs to be repeated every few years (§-9).

3.8 PUBLIC INVOLVEMENT

Public acceptance of roundabouts has often been found to be one of the biggest
challenges facing a jurisdiction that is planning to install its first roundabout.
Without the benefit of explanation or first-hand experience and observation, the
public is likely to incorrectly associate roundabouts with older, non-conforming
traffic circles that they have either experienced or heard about. Equally likely,
without adequate education, the public (and agencies alike) will often have a
natural hesitation or resistance against changes in their driving behavior and
driving environment.

In such a situation, a proposal to install a roundabout may initially experience
a negative public reaction. However, the history of roundabouts installed in the
United States also indicates that public attitude toward roundabouts improves
significantly after construction. Surveys conducted by the Insurance Institute for
Highway Safety (IIHS) reported a significant negative public attitude toward
roundabouts prior to construction (41% of the responses were strongly opposed)
but a positive attitude after construction (63% of the responses were positive or
very positive) (10).

A wide variety of techniques have been used successfully in the United States
to inform and educate the public about new roundabouts. Some of these include
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public meetings, informational brochures and videos, and announcements in the
newspaper or on television and radio. A public involvement process should be
initiated as soon as practical, preferably early in the planning stages of a project
while other intersection forms are also being considered.

3.8.1 AUDIENCE

The type of information presented and the way in which it is communicated is
often dependent on the type of audience. Stakeholder audiences may include rep-
resentatives from the police and fire departments, school district officials, transit
operators, developers, business owners, and the freight industry. Audiences may
also include public citizens such as nearby residents, seniors, teens, pedestrians
with disabilities, and other representatives from the community. Identifying the
target audience is one of the initial steps in developing a public involvement pro-
gram. A roundabout may affect various stakeholders in different ways; therefore,
all concerns or questions should be addressed. For example, representatives from
the police and fire department are likely focused on ensuring that their emergency
vehicles can navigate the intersection and that the roundabout does not significantly
affect their response times. Parents in the community may be concerned about
how their teen drivers will understand and make decisions as new drivers, or how
comfortable they will be walking through the roundabout with their children. In
some cases, it may be necessary to hold separate public involvement meetings
for different audiences. Technical explanations of the design and operations may
be appropriate for certain stakeholders, while more general educational discus-
sions may be held with a group of citizens. The level of effort can vary consider-
ably depending on whether this is the first roundabout in an area or if the local
community has had a poor recent experience with roundabouts.

3.8.2 CONTENT

The content that is presented to the public should be appropriate for the type
of audience that is being targeted. For all audiences, the purpose of the informa-
tion being presented or purpose of the meeting should be clearly communicated.
In addition, introductory information about roundabouts should be presented,
which may include highlighting the differences between roundabouts and other
types of intersections, providing guidance on how to drive through a roundabout,
and describing the overall advantages and disadvantages of roundabouts. For some
public involvement purposes, that introductory material may be the scope of infor-
mation presented. However, in other cases, more specific project information, stake-
holder impacts, and specific community concerns and needs may be addressed.

Public involvement information may be presented in many different ways
with a variety of tools. Public meetings are often an effective way to communicate
information and gather input from a specific group of individuals. In other cases,
a general announcement such as a newspaper article, website, or other media
venue may be used to inform a larger group of individuals. Specific tools used for
each type of venue are described in the following sections.

3.8.3 PUBLIC MEETINGS

Public meetings can be a useful forum for informing the public about round-
abouts in their community and bringing the public into the design process. Engaging
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Exhibit 3-21
Example of Public
Information Poster

the public in the design process allows early identification of potential problems
and helps to gain overall acceptance throughout the process. Public input may be
useful at various stages in the planning process: data collection, problem defini-
tion, generation of design alternatives, selection of preferred alternative, detailed
design, go/no-go decision, construction/opening, and landscape maintenance.
Many jurisdictions require or recommend public meetings with the affected
neighborhood or businesses prior to approval of the project by elected officials.
Even if such meetings are not required, they can be helpful in easing concerns
about a new form of intersection for a community. Tools used in this type of
public meeting may include project posters, aerial maps, and visually displayed
project information. Exhibit 3-21 provides an example of a poster developed for
a roundabout project. This poster highlights the project, stakeholder involvement,
and the public information venues that were used throughout the project. Note
that the sequence of conversations in this example aims at building consensus
at key areas within a community (executive city staff, city council and county
commission, and key community organizations) to help with approaching the
community at large.

Source: City of Springfield, Oregon (11)

Other public meetings may be designed to teach the public about using
roundabouts. For these types of meetings, it is often effective to bring large-scale
roundabout models or simulation tools. Exhibit 3-22 illustrates roundabout mod-
els that were developed by the Missouri Department of Transportation and the
city of Overland Park, Kansas. The latter model was specifically designed to teach
school-age children how to safely navigate a roundabout.

3.8.4 INFORMATIONAL BROCHURES

Many agencies have used informational brochures to educate the public
about roundabouts in their communities. Brochures have also been prepared
for specific projects. Exhibit 3-23 shows examples from brochures prepared
for specific projects. These brochures include drawings or photographic simula-
tions of the proposed roundabout. The brochures also typically include
general information on roundabouts (what roundabouts are, where they can
be found, and the types of benefits that can be expected). Sometimes they also
include instructions on how to use the roundabout as a motorist, bicyclist,
and pedestrian.
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Exhibit 3-22

Examples of Scale Round-
about Models for Public
Involvement

(a) Missouri Department of Transportation

(b) City of Overland Park, Kansas

Exhibit 3-24 provides an example of general roundabout brochures that are
commonly developed for many cities, counties, and states. These commonly
provide detailed guidance for driving through roundabouts and clear illustrations
of the signing and striping that drivers may expect to see at a roundabout.

3.8.5 WEBSITES

Websites are an effective tool for educating the public about roundabouts
in a specific area and directing the public to other informational websites about
roundabouts. Agencies such as the Maryland State Highway Administration
(12) and city of Sammamish, Washington (13), have developed roundabout
demonstrations on their websites to teach motorists about using a roundabout.
These demonstrations include a simulation tool that shows vehicles navigating
through the intersection, as shown in Exhibit 3-25. In addition to the simulation
tool, the website provides additional Web links and resources for the public to
learn about more detailed information or even read about roundabouts in other
parts of the county.
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Exhibit 3-23
Examples of Project-Specific
Informational Brochures

(a) Town of Vail, Colorado

(b) City of Springfield, Oregon

Exhibit 3-24
Example of General
Informational Brochure

Minnesota Department of Transportation
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Exhibit 3-25
Examples of Roundabout
Websites

(a) Maryland State Highway Administration

(b) City of Sammamish, Washington

3.8.6 INFORMATIONAL VIDEOS

A number of agencies and consulting firms have prepared videos to inform
the public about roundabouts. These videos are typically 10 to 15 minutes in
length and include footage of existing roundabouts and narration about their
operational and safety characteristics. These videos have been successfully
used at public meetings as an effective means of introducing the public to
roundabouts. Examples of these informational videos can be found at the city
of Modesto, California (14), Washington State Department of Transportation (15),
and other state, city, or county websites. Once developed, videos can also
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be shown at regular intervals on city or county government access television
channels.

3.8.7 MEDIA ANNOUNCEMENTS

Given the new nature of a roundabout in many communities, the local
media (newspaper, radio, and television) is likely to become involved. Such
interest often occurs early in the process and then again upon the opening of
the roundabout. Radio reading services, telephone information services, and
publications intended primarily for individuals with disabilities should be used
to communicate with persons who are visually impaired when a roundabout is
proposed and when it opens.

3.8.8 USER EDUCATION

One of the important issues facing a state considering the implementation of
roundabouts is the need to provide adequate driver, cyclist, and pedestrian edu-
cation. To clarify the following tips and instructions, user education should begin
by using simple exhibits such as Exhibit 1-1 from Chapter 1 to familiarize them
with the basic physical features of a roundabout intersection. Users should also
familiarize themselves with the instructions for all other modes so that they
understand the expectations of each other.

Many states in the United States have begun to implement roundabout
driving instructions in the state driving manuals. This typically includes a brief
introduction to roundabouts and detailed instructions for how to navigate and
drive safely through this type of intersection. While states have made tremen-
dous progress with implementing instructions for roundabouts into their
driver’s manuals, many states do not provide sufficient information for teach-
ing a driver about using turn signals and making decisions with pedestrians,
bicycles, and emergency vehicles. The Kansas Driver’s Manual, however, does
provide detailed steps of navigating a roundabout and considering all users
and vehicle types.

States may also consider implementing roundabout education programs
within their community to educate all users of all ages about how to safely travel
through a roundabout. The Virginia Department of Transportation (VDOT) has
developed a website dedicated to educating users about roundabouts in Virginia.
This information provides an overview of facts about roundabouts, step-by-step
guidelines for using a roundabout, and information about considering pedestrians
and older drivers at roundabouts. In addition, VDOT provides announcements of
upcoming roundabout presentations and information about their state-wide pol-
icy on roundabouts (16).

The city of Bend, Oregon, has established a roundabout education program
that is primarily focused on educating children about how to properly walk or
bicycle through a roundabout. With a number of roundabouts within the Bend
community, the city’s intent was to establish the knowledge at an early age with
the hope that children would already understand this type of intersection when
they reached the driving age and would also be able to share the valuable knowl-
edge with their parents.
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Appendix B provides instructional material and model language for drivers,

cyclists, and pedestrians that can be adapted to drivers manuals.

10.

11.

12.

13.
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4.1 INTRODUCTION

This chapter presents methods for analyzing the operation of an existing or
planned roundabout. The methods allow a transportation analyst to assess the oper-
ational performance of a facility, given information about the usage of the facility
and its geometric design elements. An operational analysis produces two kinds of
estimates: (1) the capacity of a facility (i.e., the ability of the facility to accommodate
various streams of users) and (2) the level of performance, often using one or more
measures of effectiveness, such as delay and queues.

The Highway Capacity Manual (HCM)(1) defines the capacity of a facility as “the
maximum hourly rate at which persons or vehicles can reasonably be expected to
traverse a point or uniform section of a lane or roadway during a given time period
under prevailing roadway, traffic, and control conditions.” While capacity is a spe-
cific measure that can be defined and estimated, level of service (LOS) is a qualitative
measure that “characterizes operational conditions within a traffic stream and their
perception by motorists and passengers.” To quantify LOS, the HCM defines spe-
cific measures of effectiveness for each highway facility type. Control delay is the
measure of effectiveness that is used to define level of service at intersections as per-
ceived by users. In addition to control delay, all intersections cause some drivers to
also incur geometric delay when making turns. A systems analysis of a roadway net-
work may include geometric delay because of the slower vehicle paths required for
turning through intersections.

While an operational analysis can be used to evaluate the performance of an
existing roundabout during a base or future year, its more common function in the
United States may be to evaluate new roundabout designs.

This chapter:
e Presents the principles of roundabout operations,

e Presents a method to estimate the capacity of five of the six basic round-
about configurations presented in this guide,

e Describes the measures of effectiveness used to determine the perform-
ance of a roundabout and a method to estimate these measures, and

e Briefly describes the computer software packages available to implement
the capacity and performance analysis procedures.

4.2 PRINCIPLES

The operational performance of roundabouts is relatively simple, although the
techniques used to model performance can be quite complex. A few features are
common to the modeling techniques employed by all analysis tools:

e Drivers must yield the right-of-way to circulating vehicles and accept gaps
in the circulating traffic stream. Therefore, the operational performance of
a roundabout is directly influenced by traffic patterns and gap acceptance
characteristics.

: An Informational Guide
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e Aswith other types of intersections, the operational performance of a
roundabout is directly influenced by its geometry. The extent to which
this influence is affected in the aggregate (e.g., number of lanes) or by
design details (e.g., diameter) is discussed in more detail in this section.

The following sections discuss these principles in more detail.

4.2.1 EFFECT OF TRAFFIC FLOW AND DRIVER BEHAVIOR

The capacity of a roundabout entry decreases as the conflicting flow increases.
In general, the primary conflicting flow is the circulating flow that passes directly
in front of the subject entry. When the conflicting flow approaches zero, the maxi-
mum entry flow is given by 3,600 seconds per hour divided by the follow-up
headway, which is analogous to the saturation flow rate for a movement receiving
a green indication at a signalized intersection. This defines the intercept of the
capacity model.

A variety of real-world conditions occur that can affect the accuracy of a
given modeling technique. The analyst is cautioned to consider these effects and
determine whether they are significant for the type of analysis being performed.
For example, the level of accuracy needed for a rough planning-level sizing of
a roundabout is considerably less than that needed to determine the likelihood
of queue spillback between intersections. Some of these conditions include the
following (1):

e Effect of exiting vehicles. While the circulating flow directly conflicts with
the entry flow, the exiting flow may also affect a driver’s decision on
when to enter the roundabout. This phenomenon is similar to the effect
of the right-turning stream approaching from the left side of a two-way
stop-controlled intersection. Until these drivers complete their exit
maneuver or right turn, there may be some uncertainty in the mind of
the driver at the yield or stop line about the intentions of the exiting or
turning vehicle.

e Changes in effective priority. When both the entering and conflicting flow
volumes are high, limited priority (where circulating traffic adjusts its
headways to allow entering vehicles to enter), priority reversal (where
entering traffic forces circulating traffic to yield), and other behaviors
may occur, and a simplified gap-acceptance model may not give reliable
results.

e Capacity constraint. When an approach operates over capacity during the
analysis period, a condition known as capacity constraint may occur.
During this condition, the actual circulating flow downstream of the
constrained entry will be less than the demand. The reduction in actual
circulating flow may therefore increase the capacity of the affected
downstream entries.

e Origin—destination patterns. Origin—destination patterns may have an influ-
ence on the capacity of a given entry.

As noted in the HCM, capacities measured in the United States have been
generally lower than observed in other countries. Roundabout design practices
and the public’s use of roundabouts are still maturing in the United States. Much
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of the data available at the time of publication of the 2010 HCM dates to 2003,
when fewer roundabouts operating at capacity were available for study in the
United States. It is therefore probable that capacities will increase over time as
drivers become more familiar and as demands on existing roundabouts force

drivers to improve efficiency.

The extent to which this increase will occur, and whether this increase will
cause capacities in the United States to match international observations, is an open
question. It has been argued that capacities in the United States over time may still
be different from those observed in other countries due to a variety of factors:

e Limited use of turn indicators at roundabout exits,
e Differences in vehicle fleet mixes, and

¢ Much more common use of stop-controlled intersections (versus yield-
controlled intersections) in the United States.

4.2.2 EFFECT OF GEOMETRY

Geometry plays a significant role in the operational performance of a round-
about in a number of key ways:

o It affects the speed of vehicles through the intersection, thus influencing
their travel time by virtue of geometry alone (geometric delay).

e It dictates the number of lanes over which entering and circulating
vehicles travel. The widths of the approach roadway and entry deter-
mine the number of vehicle streams that may form side-by-side at the
yield line and govern the rate at which vehicles may enter the circulat-
ing roadway.

e Itcan affect the degree to which flow in a given lane is facilitated or con-
strained. For example, the angle at which a vehicle enters affects the speed
of that vehicle, with entries that are more perpendicular requiring slower
speeds and thus longer headways. Likewise, the geometry of multilane
entries may influence the degree to which drivers are comfortable entering
next to one another.

e It may affect the driver’s perception of how to navigate the roundabout
and their corresponding lane choice approaching the entry. Improper
lane alignment can increase friction between adjacent lanes and thus
reduce capacity. Imbalanced lane flows on an entry can increase the
delay and queuing on an entry despite the entry operating below its
theoretical capacity.

Thus, the geometric elements of a roundabout, together with the volume of
traffic desiring to use a roundabout at a given time, may determine the efficiency
with which a roundabout operates. These elements form the core of commonly
used models, including the Kimber model from the United Kingdom (2). Recent
U.S.-based research has suggested that while aggregate changes in geometry are
statistically significant, minor changes in geometry are masked by the large varia-
tion in behavior from driver to driver (3). As a result, the extent to which geome-
try is modeled depends on the available data and the modeling technique
employed.
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4.3 DATA COLLECTION AND ANALYSIS

4.3.1 Field Data Collection

Operational analysis of roundabouts requires the collection or projection
of peak period turning-movement volumes. For existing conventional inter-
sections, these can be determined using standard techniques (4). For existing
roundabouts, turning movements can be collected using a variety of techniques:

e Live recording of turning-movement patterns using field observers. This is only
feasible under low-volume conditions where the entire roundabout is
visible from one location.

e Video recording of the entire intersection, followed by manual extraction of
turning movements from the video. This technique is feasible under any
volume condition but usually requires all of the turning movements to
be visible from one location. Multiple video locations can be used, but
they must be carefully synchronized for successful data extraction.

e Field observers at each of the exits, manually recording vehicles approaching the exit.

e Link counters placed across each entry, each exit, and the circulatory roadway in
front of each splitter island, plus manual counting of right-turn movements.

e Origin—destination survey techniques. This is generally more effective when
multiple intersections are being studied simultaneously.

Operational performance of a roundabout can also be measured directly in
the field using a variety of techniques:

e Control delay can be estimated by measuring the average time it takes
vehicles to travel between a control point upstream of the maximum queue
in a lane and a point immediately downstream of the entry. The control
delay is the difference between this measured travel time and the travel
time needed by an unconstrained vehicle (one that did not queue or need
to yield at entry).

e Geometric delay can be estimated by comparing the travel time of an
unconstrained vehicle passing through a roundabout to that needed by an
unconstrained vehicle that does not pass through the geometric features
of the roundabout (either measured before construction or estimated).
Geometric delay is of particular importance when comparing travel times
along a corridor.

Note that field measurement of performance measures may require large
sample sizes due to the inherent large variability in delay measures.

4.3.2 DETERMINING ROUNDABOUT FLOW RATES

The manual technique presented in this document requires the calculation of
entering, circulating, and exiting flow rates for each roundabout leg. Although the
following sections present a numerical methodology for a four-leg roundabout,
this methodology can be extended to any number of legs.

The circulating flow rate opposing a given entry is defined as the flow
conflicting with the entry flow of that leg. The movements that contribute to the
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northbound circulating flow rate are illustrated in Exhibit 4-1. In this exhibit, v ns
is the circulating flow rate in front of the northbound entry, and the contributing
movements are the eastbound through (EBT), eastbound left-turn (EBL), eastbound
U-turn (EBU), southbound left-turn (SBL), southbound U-turn (SBU), and west-
bound U-turn (WBU) movements.

The exiting flow rate for a given leg is used primarily in the calculation of
conflicting flow for right-turn bypass lanes and in determining queuing at exit-
side crosswalks. The exiting flow calculation for the southbound exit is illus-
trated in Exhibit 4-2. If a bypass lane is present on the immediate upstream
entry, the right-turning flow using the bypass lane is deducted from the exiting
flow. In this exhibit, v.ss is the southbound exiting flow rate, and the con-
tributing movements are the eastbound right-turn (EBR), southbound through
(SBT), westbound left (WBL), and northbound U-turn (NBU) movements.

: An Informational Guide
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Calculation of Circulating Flow

Exhibit 4-2
Calculation of Exiting Flow
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Exhibit 4-3 provides a sample calculation.

Exhibit 4-3
Conversion of Turning- Conversion of Turning-Movement Volumes to Roundabout Volumes
Movement Volumes to

Roundabout Volumes Prior to conducting a roundabout analysis, turning-movement volumes must first be

converted to roundabout volumes.

Turning-Movement Data

e  Percent heavy vehicles for all movements = 2%
. Peak Hour Factor (PHF) = 0.97

“ 580
= 95
c 255

245 J t— 620

300 s == 395

105-‘ r100

Step 1: Convert Movement Demand Volumes to Flow Rates

Each turning-movement volume given in the problem is converted to a demand flow rate
by dividing by the peak-hour factor. As an example, the northbound left volume is converted to
a flow rate in passenger cars per hour as follows:

Step 2: Adjust Flow Rates for Heavy Vehicles

The flow rate for each movement may be adjusted to account for vehicle stream
characteristics as follows (northbound left turn illustrated):

fo = 1 _ 1
o 1+P(E;-1)  1+0.022-1)

_ OUnp. _ 149

’0 =
NBbpee f . 0.980

The resulting adjusted flow rates for all movements accounting for Steps 1 and 2 are
therefore computed as follows:

=0.980

=152 pc/h

610

== 100
r268

258 J L 652

315 mmmpp = 415

110-1 r105

152 J
220 mup
79 w
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Exhibit 4-3 (cont.)
Conversion of Turning-Movement Volumes to Roundabout Volumes Conversion of Turning-
Movement Volumes to

Step 3: Determine Entry Flow Rates by Lane Roundabout Volumes

The entry flow rate is calculated by summing up the movement flow rates that enter
the roundabout. For single-lane roundabouts, all approach volumes are summed together.
Additional lane-use calculations are required for multilane roundabouts.

The entry flow rates are calculated as follows for the south leg (northbound entry):

V, Vv +V +V +V

eNB,pee — YNBU, pee NBL, pce

=0+152+220+ 79 = 451 pc/h

NBT, pce NBR e, pce

Step 4: Determine Circulating Flow Rates

The circulating flow is calculated for each leg. The circulating volumes are the sum of
all volumes that will conflict with entering vehicles on the subject approach. For the south
leg (northbound entry), the circulating flow is calculated as follows:

Vc,NB,pce = VWBU,pce + VSBL,pce + VSBU,poe + VEBT,pce + VEBL,pce + VEBU,poe

=0+268+0+ 315+ 258+ 0=841pc/h

Step 5: Determine Exiting Flow Rates

The exiting flow is calculated for each leg by summing all flow that will be exiting the
roundabout on a particular leg. For the south leg (northbound entry), the exiting volume
is calculated as follows:

Vex, pce,NB = VNBU,pce + VWBL,poe + VSBT,pce + VEBR,e,pce

=0+105+100+110 = 315 pc’/h

Result

The following figure illustrates the final volumes converted into roundabout entering,
exiting, and circulating flow rates.
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Exhibit 4-4
Selection of Analysis Tool

4.4 ANALYSIS TECHNIQUES

A variety of methodologies are available to analyze the performance of
roundabouts. All are approximations, and the responsibility is with the analyst to
use the appropriate tool for conducting the analysis.

The decision on the type of operational analysis method to employ should be
based on a number of factors:

e  What data are available?

e Can the method satisfy the output requirements?

Exhibit 4-4 presents a summary, rather than an exhaustive list, of common
applications of operational analysis tools, along with the outcome typically desired
and the types of input data usually available. Note that the outcome desired is dis-
tinct from the output of the analysis tool. For example, the lane configuration is
commonly determined through an iterative process of assigning lane configura-
tions as inputs to the analysis tool and then assessing the acceptability of the
resultant performance measures.

Typical Outcome Input Data
Application Desired Available Potential Analysis Tool
Planning-level Number of lanes Traffic volumes Section 3.5 of this guide,
sizing HCM, deterministic software

Preliminary design
of roundabouts
with up to two

lanes

Detailed lane
configuration

Traffic volumes,
geometry

HCM, deterministic software

Preliminary design
of roundabouts
with three lanes

and/or with short

lanes/flared designs

Detailed lane
configuration

Traffic volumes,
geometry

Deterministic software

Analysis of
pedestrian
treatments

Vehicular delay,
vehicular queuing,
pedestrian delay

Vehicular traffic and
pedestrian volumes,
crosswalk design

HCM, deterministic software,
simulation

System analysis

Travel time, delays
and queues between
intersections

Traffic volumes,
geometry

HCM, simulation

Public involvement

Animation of no-
build conditions and
proposed
alternatives

Traffic volumes,
geometry

Simulation

In addition to the planning method in Section 3.5 of this guide, three basic types
of analysis are suggested in the above table: HCM method, deterministic software,
and simulation. These are presented in detail in the following sections.

4.5 HIGHWAY CAPACITY MANUAL METHOD

The analytic method presented in the 2010 HCM represents a major update of
the method presented in the 2000 edition. It is largely based on a recent study of
roundabout operations for U.S. conditions based on a study of 31 sites (1, 3). The

Page 4-10

Chapter 4/Operational Analysis



Roundabouts: An Informational Guide

procedures allow the assessment of the operational performance of an existing or
planned one-lane or two-lane roundabout given traffic-demand levels.

This section presents an overview of key elements but not a complete represen-
tation of the HCM method; details and sample problems can be found in the HCM
(1). The HCM method and subsequent interpretations, corrections, and changes
approved by the Transportation Research Board’s Committee on Highway Capacity
and Quality of Service should take precedence over the content in this chapter.

4.5.1 ADJUSTMENTS FOR VEHICLE FLEET MIX

The flow rate for each movement may be adjusted to account for vehicle stream
characteristics using factors given in Exhibit 4-5. Note that the capacity equations
given in this chapter implicitly incorporate these factors. As a result, adjustments to
these factors should be done only in conjunction with reviewing the effect of those
adjustments on others factors (e.g., critical headway and follow-up time).

Exhibit 4-5

Passenger Car Equivalent, . )
9 q Passenger Car Equivalencies

Vehicle Type Er
Passenger Car 1.0
Heavy Vehicle 2.0

Bicycle 0.5

The calculation to incorporate these values is given in Equation 4-1 and
Equation 4-2 (HCM):

0; Equation 4-1
Ui,pce =
f HV
1 Equation 4-2
va AN
1+ Pr(Er - 1)

where

;e = demand flow rate for movement 7, pc/h;
v; = demand volume for movement i, veh /h;
fuv =heavy vehicle adjustment factor;
Py = proportion of demand volume that consists of heavy vehicles; and
Er = passenger car equivalent for heavy vehicles.

4.5.2 ENTRY CAPACITY
Based on national research, the HCM employs a number of simple, empirical

regression models to reflect the capacity of roundabouts with up to two lanes.

The capacity of an entry lane opposed by one circulating lane [e.g., a one-lane
entry to a one-lane roundabout, or either lane of a two-lane entry conflicted by one
circulating lane (for example, Exhibit A-3 of Appendix A)] is based on the conflict-
ing flow. The equation for estimating the capacity is given as Equation 4-3.

-1.0x1073Joc Equation 4-3
CE,pCE - ]., 1306( 101 ) c.pee
where

Cepee = lane capacity, adjusted for heavy vehicles, pc/h; and
U pee = conflicting flow, pc/h.
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Equation 4-4

Equation 4-5

Equation 4-6

The capacity of the left lane of a
roundabout approach is lower
than the capacity of the right
lane.

Exhibit 4-6
Entry Lane Capacity

Equation 4-4 gives the capacity of a one-lane roundabout entry opposed by
two conflicting lanes as follows:

-07x1073
Cope = 1,130el 07 <107 e

where all variables are as given previously.
Equation 4-5 and Equation 4-6 give the capacity of the right and left lanes,

respectively, of a two-lane roundabout entry opposed by two conflicting lanes:

_ -3
Corpee = 1,1306( 07 x1073Joc pee

— -3
e = 1,130 45

where

Cerpee = capacity of the right entry lane, adjusted for heavy vehicles, pc/h;
Cepee = Capacity of the left entry lane, adjusted for heavy vehicles, pc/h; and
Uepee = conflicting flow, pc/h.

Exhibit 4-6 presents a plot showing Equation 4-3, Equation 4-5, and Equa-
tion 4-6. The dashed lines represent portions of the curves that lie outside the
range of observed field data.

1,400

1,200 A

1,000 A
Capacity of one-lane lentry or right lane of
two-lane entry against two conflicting lanes

<
O 800 A
£ Capacity of left lane of two-lane entry
_@‘ agalinst two conflicting lanes
o
8 600 -
]
(]
400 A
Capacity of one-lang or either lane of two-
lane entry against ane conflicting lane
200 A
Dashed regression extrapolated beyond the data
0 T T T T T T T T T
0 200 400 600 800 1,000 1,200 1,400 1,600 1,800 2,000

Conflicting Flow Rate (pc/h)

Each of the capacity models given above reflects observations made at U.S.
roundabouts in 2003. As noted previously, it is probable that U.S. roundabout
capacity will increase to some degree over time with increased driver familiarity.
In addition, communities with higher densities of roundabouts and/or generally
more aggressive drivers may experience higher capacities. Therefore, local calibra-
tion of the capacity models is recommended to best reflect local driver behavior.
This is discussed further in the HCM.
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4.5.3 RIGHT-TURN BYPASS LANES

Right-turn bypass lanes are right-turn lanes that do not share the same entrance
line with the lanes designated for through and left-turning vehicles. Two common
types of right-turn bypass lanes are used at single-lane and multilane roundabouts:
(1) where bypass traffic yields to conflicting exiting vehicles (sometimes referred to
as a partial bypass lane), and (2) where the bypass lane joins the intersecting road-
way as an additional lane or in a downstream merging operation.

The capacity for a yielding bypass lane opposed by one exiting lane can be
approximated using Equation 4-7.

~1.0x103)o Equation 4-7
bel!’ﬂss,pce = 1, 1306( 10x10 3) ex,pee quation
The capacity for a yielding bypass lane opposed by two exiting lanes can be
approximated using Equation 4-8.
(<07 x 1073 o pee Equation 4-8

bepass,pce = 1/ 130e
where

Cpypasspee = Capacity of the bypass lane, adjusted for heavy vehicles, pc/h; and
Verpee = conflicting exiting flow, pc/h.

The capacity of a bypass lane that merges at a low angle with exiting traffic or
forms a new lane adjacent to exiting traffic (non-yielding bypass lane) has not
been assessed in the United States. Its capacity is expected to be relatively high
due to a merging operation between two traffic streams at similar speeds.

4.5.4 EFFECT OF PEDESTRIANS ON VEHICULAR OPERATIONS
AT THE ENTRY

Pedestrian traffic can reduce the vehicular capacity of a roundabout entry
if sufficient pedestrians are present and they assert the right-of-way typically
granted pedestrians in most jurisdictions. Under high vehicular conflicting flows,
pedestrians typically pass between queued vehicles on entry, resulting in negligi-
ble additional impact to vehicular entry capacity. However, under low vehicular
conflicting flows, pedestrians can function effectively as additional conflicting
vehicles and reduce the vehicular capacity of the entry. The effect of pedestrians
is more pronounced with increased pedestrian volume.

For roundabout entries opposed by one circulating lane, the model shown in
Exhibit 4-7 can be used to approximate this effect (2); for entries opposed by two
circulating lanes, the model shown in Exhibit 4-8 can be used. These equations are
based on the assumption that pedestrians have absolute priority. Supporting
equations can be found in the HCM.

Regardless of the analysis method used, vehicular yielding rates vary depending
on crossing treatment, number of lanes, posted speed limit, and within individual
sites (5). This makes modeling of pedestrian interactions imprecise. As a result,
models to analyze pedestrian effects on vehicular capacity or vehicular effects on
pedestrian travel should recognize the approximate nature of the adjustment. For
locations with high pedestrian volumes or where more precise estimates of capacity
effects are desired, a comparison to other analysis methods may be appropriate.
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Exhibit 4-7

Entry Capacity Adjustment
Factor for Pedestrians
Crossing a One-Lane

Entry (Assuming Pedestrian
Priority)

Exhibit 4-8

Entry Capacity Adjustment
Factor for Pedestrians
Crossing a Two-Lane

Entry (Assuming Pedestrian
Priority)

Equation 4-9
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4.5.5 VOLUME-TO-CAPACITY RATIO

1,400 1,600 1,800

The volume-to-capacity ratio is a comparison of the demand at the roundabout
entry to the capacity of the entry and provides a direct assessment of the sufficiency
of a given design. For a given lane, the volume-to-capacity ratio, x, is calculated by
dividing the lane’s calculated capacity into its demand flow rate, as shown in Equa-

tion 4-9. Both input values are in vehicles per hour.

(%
X=—
c

While the HCM does not define a standard for volume-to-capacity ratio, inter-
national and domestic experience suggests that volume-to-capacity ratios in the
range of 0.85 to 0.90 represent an approximate threshold for satisfactory operation.
When the degree of saturation exceeds this range, the operation of the roundabout
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enters a more unstable range in which conditions could deteriorate rapidly, particu-
larly over short periods of time. Queues that carry over from one 15-minute period
to the next may form, and delay begins to increase exponentially.

A volume-to-capacity ratio of 0.85 should not be considered an absolute
threshold; in fact, acceptable operations may be achieved at higher ratios. Where
an operational analysis finds the volume-to-capacity ratio above 0.85, it is encour-
aged to conduct additional sensitivity analysis to evaluate whether relatively
small increments of additional volume have dramatic impacts on delay or queues.
The analyst is also encouraged to take a closer look at the assumptions used in the
analysis (i.e., the accuracy of forecast volumes). A higher volume-to-capacity ratio
during peak periods may be a better solution than the potential physical and envi-
ronmental impacts of excess capacity that is unused most of the day.

4.5.6 CONTROL DELAY

Delay is a standard parameter used to measure the performance of an inter-
section. The HCM identifies control delay as the primary service measure for sig-
nalized and unsignalized intersections, with level of service determined from the
control delay estimate. Delay data collected for roundabouts in the United States
suggest that control delays can be predicted in a manner similar to that used for
other unsignalized intersections. Equation 4-10 shows the model that should be
used to estimate average control delay for each lane of a roundabout approach.
The HCM only includes control delay, which is the delay attributable to the control
device. Control delay is the time that a driver spends decelerating to a queue, queu-
ing, waiting for an acceptable gap in the circulating flow while at the front of the
queue, and accelerating out of the queue.

; 4507

where:

d = average control delay, s/veh;

x = volume-to-capacity ratio of the subject lane;

c = capacity of subject lane, veh/h; and

T =time period, h (T =1 for a 1-h analysis, T = 0.25 for a 15-min analysis).

Average control delay for a given lane is a function of the lane’s capacity and
degree of saturation. The analytical model used above to estimate average con-
trol delay assumes that there is no residual queue at the start of the analysis
period. If the degree of saturation is greater than about 0.9, the average control
delay is significantly affected by the length of the analysis period. In most cases,
the recommended analysis period is 15 min. If demand exceeds capacity during a
15-min period, the delay results calculated by the procedure may not be accurate
due to the likely presence of a queue at the start of the time period. In addition, the
conflicting demand for movements downstream of the movement operating over
capacity may not be fully realized (in other words, the flow cannot get past the
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Equation 4-11

Equation 4-12

Exhibit 4-9
Level-of-Service Criteria

oversaturated entry and thus cannot conflict with a downstream entry). In these
cases, an iterative approach that accounts for this effect and the carryover of
queues from one time period to the next, such as the Kimber-Hollis formulation
documented elsewhere (6), may be used.

To make comparisons to other intersection types, it may be useful to compute
the average control delay for the roundabout approach or the intersection as a
whole. The control delay for an approach is calculated by computing a weighted
average of the delay for each lane on the approach, weighted by the volume in each
lane. The calculation is shown in Equation 4-11. Note that the volume in the bypass
lane should be included in the delay calculation for the approach.

d _ dLL U + dRL Urr + dbypussvbypuss
approach —

UL+ Or t+ Ubypass

The control delay for the intersection as a whole is similarly calculated by
computing a weighted average of the delay for each approach, weighted by the
volume on each approach. This is shown in Equation 4-12.

_ Zdivi

d intersection —
2.0

where:

Aintersection = control delay for the entire intersection, s/veh;
d; = control delay for approach 7, s/veh; and
v; = flow rate for approach 7, veh/h.

4.5.7 QUALITY OF SERVICE AND LEVEL OF SERVICE

The HCM defines quality of service as how well a transportation facility or
service operates from a traveler’s perspective (1, Chapter 5). Furthermore, the
HCM defines LOS as a quantitative stratification of a performance measure or
measures that represent that quality of service. For roundabouts, LOS has been
defined using control delay (see Section 4.5.6) with criteria given in Exhibit 4-9.
As the exhibit notes, LOS F is assigned if the volume-to-capacity ratio of a lane
exceeds 1.0 regardless of the control delay. For assessment of LOS at the approach
and intersection levels, LOS is based solely on control delay.

The thresholds given in Exhibit 4-9 are the same as defined in the HCM for
stop-controlled intersections. All HCM methodologies for unsignalized intersections
share a similar equation form for estimating control delay, and thus similar
volume-to-capacity ratios produce similar control delays. In addition, drivers at

Level of Service by Volume-to-Capacity Ratio*
Control Delay (s/veh) vic 1.0 vic >1.0
0-10 F
>10-15
>15-25
>25-35
>35-50
>50

TmO O w >
MM T T

* For approaches and intersection-wide assessment, LOS is defined solely by control delay.
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roundabouts must make judgments about entering gaps similar to those experi-
enced at two-way stop-controlled intersections; these judgments become more
challenging at higher volume-to-capacity ratios. As a result, drivers may not per-
ceive the same amount of control delay the same way at roundabouts as they do at
signalized intersections. As with any intersection evaluations, LOS is one of several
measures (along with volume-to-capacity ratios, control delay, queue length, and
other measures) that should be used in the comparison of roundabouts to other
intersection types.

4.5.8 GEOMETRIC DELAY

Geometric delay is a component of delay that is present at roundabouts but is
not taken into consideration under typical HCM procedures. Geometric delay is the
additional time that a single vehicle with no conflicting flows spends slowing down
to the negotiation speed, proceeding through the intersection, and accelerating back
to normal operating speed. Geometric delay may be an important consideration in
network planning (possibly affecting route travel times and choices) or when com-
paring operations of alternative intersection types. While geometric delay is often
negligible for through movements at a signalized or stop-controlled intersection, it
can be more significant for turning movements at those intersections and all move-
ments through a roundabout. Calculation of geometric delay requires knowledge of
the roundabout geometry as it affects vehicle speeds during entry, negotiation, and
exit. Procedures are given in the Australian design guide (7).

For LOS calculations, geometric delay is not needed, as the HCM defines LOS
solely on the basis of control delay. However, if deterministic software or simula-
tion tools are used to estimate travel time along a corridor, geometric delay is
inherently included in the estimate of travel time. Care is needed when comparing
results between models.

4.5.9 QUEUE LENGTH

Queue length is important when assessing the adequacy of the geometric
design of the roundabout approaches. The estimated length of a queue can also
provide additional insight into the operational performance of a roundabout in
comparison to other intersection types. Queue interaction with adjacent intersec-
tions or driveways is another important consideration.

The 95th-percentile queue for a given lane on an approach is calculated using
Equation 4-13:

( 3, 600) Equation 4-13
X

—900T| x—1+1/(1-x)* +~—E ( ¢ )
Qs * (=) + =557 3,600

where:

Qos = 95th-percentile queue, veh;
x = volume-to-capacity ratio of the subject lane;
c = capacity of subject lane, veh/h; and
T = time period, h (T =1 for a 1-h analysis, T = 0.25 for a 15-min analysis).
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Key performance measures for
roundabouts include volume-
to-capacity ratio, delay, and
queue length.

The queue length calculated for each lane should be checked against avail-
able storage. The queue in each lane may interact with adjacent lanes in one or
more ways:

e If queues in adjacent lanes exceed available storage, the queue in the sub-
ject lane may be longer than anticipated due to additional queuing from
the adjacent lane.

e If queues in the subject lane exceed the available storage for adjacent
lanes, the adjacent lane may be starved by the queue in the subject lane.

Should one or more of these conditions occur, the analyst can conduct a sensi-
tivity analysis using the methodology by varying the demand in each lane. The
analyst may also use an alternative tool that is sensitive to lane-by-lane effects,
as discussed in Section 4.6 of this chapter.

4.5.10 REPORTING OF RESULTS

Each of the performance measures described above provides a unique per-
spective on the quality of service at which a roundabout will perform under a
given set of traffic and geometric conditions. Whenever possible, the analyst
should estimate as many of these parameters as possible to obtain the broadest
possible evaluation of the performance of a given roundabout design. In all cases,
a capacity estimate must be obtained for an entry to the roundabout before a spe-
cific performance measure can be computed. The analyst should be particularly
careful not to mask deficient performance characteristics of individual approaches
or lanes by using potentially misleading aggregated measures. The reader is
encouraged to refer to the HCM for further discussion on this important topic.

4.6 DETERMINISTIC SOFTWARE METHODS

A variety of deterministic software methods are available that are anchored to
international research and practice. These methods model vehicle flows as flow
rates and are commonly sensitive to various flow and geometric features of the
roundabout, including lane numbers and arrangements and/or specific geometric
dimensions (e.g., entry width, inscribed circle diameter). Some software implemen-
tations may include more than one model and employ extensions beyond the origi-
nal fundamental research. Since 1990, the most commonly employed deterministic
software methods in the United States have been based on Australian and British
research and practice, although methods developed in France and Germany have
seen some limited use.

For example, British research suggests a much stronger correlation between
capacity and fine gradations of geometry than research in some other countries,
including the United States (2). For example, the research indicates that approach
width, entry width, and the effective flare length have the most significant effects
on capacity. In addition, the British research found that entry angle and entry
radius have a combined significant effect and that diameter has a small effect,
only becoming significant with high circulating volumes. Conversely, Australian
research has found more significant effects related to traffic flow, including lane-
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by-lane assessments and sensitivity to origin—destination patterns. Even though
research in the United States has not necessarily confirmed these findings at
American roundabouts, the principles embodied in these tools can be useful to
guide a designer in making decisions about potential trade-offs in operational
performance due to changes in traffic flows or geometric modifications.

As with any analysis procedure, care should be taken to ensure that the proce-
dure is being appropriately applied. Common items to check for include the fol-
lowing;:

e Calibration to local driver behavior. For analytical-based models, this may
involve using locally measured values for gap acceptance parameters or
applying global factors that shape the capacity model. For regression-
based models, this may involve adjusting the intercept to match field-
measured values of follow-up times.

e Calibration to effective geometry. For regression-based models that employ
continuous variables for key dimensions (e.g., entry width in feet/meters
rather than in number of lanes), adjustments for effective geometry should
be considered. This is particularly true for single-lane entries that have
large curb-to-curb widths to accommodate large vehicles. Regression-
based models do not recognize that a large single-lane entry has only one
lane and thus may be modeled as a two-lane entry. A common adjustment
used in these cases is to assume that a single-lane entry has a maximum
entry width of 15 ft (4.5 m) regardless of the actual curb-to-curb width.

e Lane use and assignment. Some models are sensitive to lane use and assign-
ment; others are not. Adjustments should be made to account for lane
configurations or system effects (e.g., downstream destinations) that
might cause traffic to favor one lane over another, thus influencing capac-
ity and performance measures.

4.7 SIMULATION METHODS

A variety of simulation software packages are available to model transporta-
tion networks. Several of these are capable of modeling roundabouts, and features
change frequently. These models display individual vehicles and thus are sensitive
to factors at that level: car-following behavior, lane-changing behavior, and
decision-making at junctions (e.g., gap acceptance). Since 1990, the most commonly
employed simulation methods in the United States are based on U.S., British, and
German research and practice.

As with the deterministic software methods described previously, care should
be taken to ensure that the simulation model is being appropriately applied. Com-
mon items to check for include the following:

e Calibration to local driver behavior. Calibration of stochastic models is more
challenging than for deterministic models because some calibration fac-
tors, such as those related to driver aggressiveness, often apply globally to
all elements of the network and not just to roundabouts. In other cases,
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the specific coding of the model can be fine-tuned to reflect localized
driver behavior, including look-ahead points for gap acceptance and
locations for discretionary and mandatory lane changes.

e Volume pattern checking. For network models with dynamic traffic assign-
ment, traffic volumes on a given link may not match what has been
measured or projected.

Further guidance on the application of simulation models can be found in the
FHWA Traffic Analysis Toolbox (8).
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5.1 INTRODUCTION

The use of roundabouts is a proven safety strategy for improving intersection
safety by eliminating or altering conflict types, reducing crash severity, and causing
drivers to reduce speeds as they proceed into and through intersections. Decreased
vehicle speeds will also decrease the speed differentials with other road users.
Understanding the sensitivity of safety of the various geometric design elements
and traffic exposure will assist the designer in optimizing the safety of all vehicle
occupants, pedestrians, and bicyclists. In addition, the use of safety models will
facilitate the planning and design of roundabouts by evaluating their safety com-
pared to other intersection types and by quantifying the safety implications of
design decisions.

Many studies have found that one of the benefits of the installation of a round-
about is the improvement in overall safety performance. Several studies in the
United States, Europe, and Australia have found that roundabouts perform better
in terms of safety than other intersection forms (1—4). Recent research using data in
the United States (2) found that with the exception of conversions from all-way
stop-controlled intersections, where limited data suggest that crash experience
remains statistically unchanged, roundabouts have reduced crash frequencies for
a wide range of settings (urban, suburban, and rural) and previous forms of traffic
control (two-way stop and signal). This is especially evident with less frequent
injury crashes. The safety benefit is greater for small- and medium-capacity round-
abouts than for large or multilane roundabouts (1, 2, 5). While overall crash
frequencies have been reduced, the crash reductions are most pronounced for
motor vehicles, less pronounced for pedestrians, and equivocal for bicyclists and
motorcyclists depending on the study and bicycle design treatments (4-6).

The reasons for the increased safety level at roundabouts are:

e Roundabouts have fewer vehicular conflict points in comparison to conven-
tional intersections. The potential for high-severity conflicts, such as right
angle and left-turn head-on crashes, is greatly reduced with roundabout use.

e Low absolute speeds generally associated with roundabouts allow drivers
more time to react to potential conflicts, also helping to improve the safety
performance of roundabouts. Low vehicle speeds help reduce crash sever-
ity, making fatalities and serious injuries uncommon at roundabouts.

e Since most road users travel at similar speeds through roundabouts (i.e.,
have low relative speeds), crash severity can be reduced compared to
some traditionally controlled intersections.

e Pedestrians need only cross one direction of traffic at a time at each
approach as they traverse roundabouts (i.e., crossing in two stages), as
compared with many traditional intersections. Pedestrian—vehicle conflict
points are reduced at roundabouts; from the pedestrian’s perspective,
conflicting vehicles come from fewer directions. In addition, the speeds of
motorists entering and exiting a roundabout are reduced with good
design, increasing the time available for motorists to react and reducing
potential crash severity. While multilane crossings still present a multiple-
threat challenge for pedestrians, the overall lower speed environment
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helps to reduce the likelihood of collisions. As with other crossings
requiring acceptance of gaps, roundabouts present visually impaired
pedestrians with unique challenges, as described in Chapter 6.

NCHRP Report 572 (2) presents U.S. data used to develop safety prediction
models for both intersection-level and approach-level analyses. The intersection-
level models were developed for total and injury collisions; the latter included
fatal and definite injury but excluded possible injury collisions (i.e., they include
KAB collisions on the KABCO scale). The approach-level models were developed
for all severities combined for several collision types: entering/circulating, exiting/
circulating, and approaching. These models are of a form that is intended to be suit-
able for eventual inclusion in the Highway Safety Manual (HSM) crash prediction
procedures, although they are not included in the first edition of that document.

The intersection-level models can be used to evaluate the safety performance
of an existing roundabout and in the estimation of the expected safety changes
if a roundabout is contemplated for construction at an existing conventional inter-
section. The approach-level models are presented as tools for evaluating design
options or evaluating the safety performance of specific approaches. With respect to
roundabout geometry, the following observations pertain to the U.S. data analyzed:

e Entering/circulating collisions increase with an increased entry width.

e Entering/circulating collisions decrease with an increase in central island
diameter.

e Entering/circulating collisions decrease as the angle between legs increases.

e Exiting/circulating collisions increase with an increasing inscribed circle
diameter.

»  Exiting/circulating collisions increase with an increasing central island
diameter.

e Exiting/circulating crashes increase with an increasing circulating width.

e Approach crashes increase with increasing lane width.

5.2 PRINCIPLES

The frequency of crashes at an intersection is related to the number of conflict
points at an intersection, as well as the magnitude of conflicting flows at each con-
flict point. A contflict point is a location where the paths of two motor vehicles, or
a vehicle and a bicycle or pedestrian path, diverge, merge, or cross each other.

Conlflicts can arise from both legal and illegal maneuvers; many of the most
serious crashes are caused by failure to observe traffic control devices.

The following sections present a variety of conflicts among vehicles, bicycles,
and pedestrians. Both legal conflicts (queuing at an intersection, merging into a
traffic stream) and conflicts prohibited by law or by traffic control devices (failure
to yield to pedestrians, running a stop sign) have been included for completeness.
Even though traffic control devices can significantly reduce many conflicts, they

Conflict points occur where one
vehicle path crosses, merges or
diverges with, or queues behind
the path of another vehicle,
pedestrian, or bicycle.
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Roundabouts bring the
simplicity of a T-intersection to
intersections with more than
three legs.

Exhibit 5-1

Vehicle Conflict Points for
T-Intersections with
Single-Lane Approaches

A four-leg single-lane round-
about has 75% fewer vehicle
conflict points and no crossing
conflict points compared to a
conventional intersection.

cannot eliminate them entirely due to violations of those devices. Many of the
most serious crashes are caused by such violations.

As with crash analyses, conflict analyses are more than the simple enumera-
tion of the number of conflicts. A conflict analysis should account for the
following factors:

e Existence of conflict point;

e Exposure, measured by the product of the two conflicting stream volumes
at a given conflict point;

e Severity, based on the relative velocities of the conflicting streams (speed
and angle); and

e Vulnerability, based on the ability for a member of each conflicting stream
to survive a crash.

5.2.1 VEHICULAR CONFLICTS AT SINGLE-LANE ROUNDABOUTS

Exhibit 5-1 presents a diagram of vehicle-vehicle conflict points for a traditional
three-leg (T) intersection and a three-leg roundabout. As the figure shows, the num-
ber of vehicle-vehicle conflict points for roundabouts decreases from nine to six for
three-leg intersections. Note that these diagrams do not take into account the ability
to separate conflicts in space (through the use of separate left- or right-turning lanes)
or time (through the use of traffic control devices such as stop signs or traffic signals).
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Exhibit 5-2 presents similar diagrams for a conventional four-leg (X or cross)
intersection and a four-leg roundabout. As the figure shows, the number of vehicle—
vehicle conflict points for roundabouts decreases from thirty-two to eight with
four-leg intersections.

Conflicts can be divided into four basic categories, in which the degree of
severity varies, as follows:

1. Queuing conflicts. These conflicts are caused by a vehicle running into the
back of a vehicle queue on an approach. These types of conflicts can occur
at the back of a through-movement queue or where left-turning vehicles
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Exhibit 5-2

Vehicle Conflict Point
Comparison for Intersections
with Single-Lane Approaches

O Crossing

are queued waiting for gaps. These conflicts are typically the least severe
of all conflicts because the collisions involve the most protected parts of
the vehicle and the relative speed difference between vehicles is usually
less than other conflicts.

2. Diverging conflicts. These conflicts are caused by the separating of two traffic
streams. Examples include right turns diverging from through movements
or exiting vehicles diverging from circulating vehicles. If the speed of one
movement is significantly different from the other movement, the resulting
speed differential increases the risk of a rear-end collision.

3. Merging conflicts. These conflicts are caused by the joining of two traffic
streams. The most common types of crashes due to merging conflicts are
side-swipe and rear-end crashes. Merging conflicts can be more severe
than diverging conflicts due to the more likely possibility of collisions to
the side of the vehicle, which is typically less protected than the front and
rear of the vehicle.

4. Crossing conflicts. These conflicts occur where of the paths of two traffic
streams intersect. These are the most severe of all conflicts and the most
likely to involve injuries or fatalities. Typical crash types are right-angle
crashes and head-on crashes.

As Exhibit 5-1 and Exhibit 5-2 show, a roundabout eliminates vehicular cross-
ing conflicts for both three- and four-leg intersections. Separate turn lanes and
traffic control (stop signs or signalization) can often reduce but not eliminate the
number of crossing conflicts at a traditional intersection by separating conflicts in
space and/or time. However, the most severe crashes at signalized intersections
occur when there is a violation of the traffic control device designed to separate
conflicts by time (e.g., a right-angle collision due to running a red light and vehicle—
pedestrian collisions). Therefore, the ability of single-lane roundabouts to reduce
conflicts through physical, geometric features has been demonstrated to be more
effective than the reliance on driver obedience of traffic control devices.

Chapter 5/Safety Page 5-7



Roundabouts: An Informational Guide

Multilane roundabouts have
some of the same safety per-
formance characteristics as
single-lane roundabouts but
introduce additional confiicts.

Exhibit 5-3

Total and Injury Crash
Experience for U.S.
Roundabouts with Four
Approaches by Number
of Lanes and AADT

Incorrect lane use and incorrect
turns are multilane roundabout
conflicts not present in single-
lane roundabouts.

5.2.2 VEHICULAR CONFLICTS AT MULTILANE ROUNDABOUTS

Multilane roundabouts have some of the same safety performance character-
istics as their simpler single-lane counterparts. However, due to the presence of
additional entry lanes and the accompanying need to provide wider circulatory and
exit roadways, multilane roundabouts introduce additional conflicts not present in
single-lane roundabouts. This makes it important to use the minimum number of
entry, circulating, and exit lanes subject to capacity considerations. For example,
Exhibit 5-3, prepared from crash models developed with U.S. data (2), illustrates
that crash frequencies increase with the number of circulating lanes. However,
injury crash rates are much lower for both one- and two-lane roundabouts.
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The number of vehicular and pedestrian conflict points in both conventional
intersections and roundabouts increases considerably when there are additional
approach lanes. The designer is encouraged to graphically determine conflicts for
a particular location, as this information can raise awareness of design issues and
may be useful in public presentations.

Contflicts occur at multilane roundabouts that do not happen at single-lane
roundabouts. These can be categorized into three basic types:

e Drivers fail to maintain lane position (Exhibit 5-4),
e Drivers enter next to an exiting vehicle (Exhibit 5-5), and
e Drivers turn from the incorrect lane (Exhibit 5-6).

While these conflicts may also be present at conventional intersections, they
can be more prevalent with drivers who are unfamiliar with roundabout opera-
tion. The first two types of conflicts, in particular, can be a result of improper
roundabout geometry as discussed in Chapter 6, and the latter type of conflict can
be a result of improper traffic control devices. Proper driver education may also
help to reduce these types of crashes.
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Exhibit 5-4

Failing to Maintain Lane
Position at a Multilane
Roundabout

Vehicle D
circulating
improperly

Vehicle B using
improper exit lane

Exhibit 5-5
\ Entering Next to an Exiting
' \ Vehicle at a Multilane

\‘\ Roundabout

Exit-circulating
path conflict

Driver enters next to
vehicle perceived to
be circulating

As with single-lane roundabouts, the most severe vehicular crossing conflicts The Zve)ra//f SeV%Fify (and O/ffen
. . . bre number) of conflicts at multi-
are eliminated and replaced by less severe merging conflicts. The additional lane roundabouts is typically
conflicts unique to multilane roundabouts are generally low-speed side-swipe less than other intersection
conflicts that typically have low severity. Therefore, although the number alternatives.

of conflicts increases at multilane roundabouts when compared to single-lane
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Exhibit 5-6
Improper Turn Conflicts at
Multilane Roundabouts

There are four vehicle-
pedestrian crossing conflicts
for each crosswalk at conven-
tional intersections.

Improper
right turn
by Vehicle B

Improper
left turn
by Vehicle D

roundabouts, the overall severity (and often number) of conflicts is typically
less than other intersection alternatives.

5.2.3 PEDESTRIAN CONFLICTS

Pedestrian—vehicle conflicts can be present at every intersection, even those
with minimal pedestrian volume. The following section examines pedestrian
conflicts at signalized intersections and at roundabouts.

At conventional intersections, a pedestrian faces four potential vehicular
conflicts, each coming from a different direction:

Left-turn, through, and right-turn movements coming from the leg of the
intersection that the pedestrian is crossing;

Through movements coming from the opposite side of the intersection;
Right turns from the cross street; and

Left turns from the cross street.

The amount of exposure and level of severity for each of these conflicts
depends significantly on the type of traffic control used:

Two-way stop control intersections. At TWSC intersections, the most signifi-
cant pedestrian conflict is pedestrians crossing the major street who have
potentially severe conflicts with through vehicles on the major street.
They also experience less severe conflicts with vehicles making left or
right turns from or to the major street. Pedestrians crossing the minor
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street generally face less severe conflicts, but conflicts still occur. These
include those caused by vehicle drivers making left turns from the major
street. In these cases they are looking for gaps in oncoming vehicles and
may not see pedestrians crossing the minor street. In addition, drivers
turning on to or crossing the major street are focused primarily on vehi-
cles on the major street and may not see pedestrians. This is especially
true for drivers turning right from the minor street who may look only to
the left for vehicles and not notice pedestrians coming from their right.

e All-way stop control intersections. Because all vehicles are required to stop,
pedestrian crashes are generally less severe at AWSC intersections. The
pedestrian conflicts on the near side of entering drivers are fairly benign.
However, as drivers accelerate through the intersection the danger to
pedestrians is greater at the far side of the intersection, whether drivers
are going straight through or turning. In addition, many drivers roll
through stop signs at AWSC intersections once they have perceived that
there are no imminent vehicle conflicts. These drivers may occasionally
fail to notice pedestrians crossing at the intersection.

o Signalized intersections. Traffic signals can potentially reduce the likelihood Four vehicle movements at sig-
of pedestrian—vehicle conflicts through th f signal phasing that all nalized intersections can result
P & € use ol sighal phasing that allows in pedestrian crossing conflicts.
only a few legal movements at any given time. However, there are four
vehicle movements at signalized intersections that create potential conflicts
with pedestrians under common signal phasing schemes (see Exhibit 5-7):

—  Red light running (illegal)—includes through movements, left turns,
and right turns. These movements, particularly the through move-
ments, have the highest potential severity due to high vehicular
speeds and the potential for surprise to the pedestrian.

| Exhibit 5-7

| Vehicle-Pedestrian Conflicts

| for One Crosswalk at
Signalized Intersections

.

v |

Right turn on green conflict

Red light running conflict

Left turn on green conflict

Red light running or right turn on red conflict

c e eo
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The direction conflicting vehi-
cles will arrive from is more
predictable for pedestrians
at roundabouts.

Exhibit 5-8
Vehicle-Pedestrian Conflicts
at Single-Lane Roundabouts

—  Right turns on green (legal). These movements offer the highest poten-
tial for visibility between drivers and pedestrians, but drivers may
occasionally fail to notice pedestrians crossing at the intersection.

—  Left turns on green (legal for protected-permissive or permissive
left-turn phasing). This represents a significant risk for pedestrians,
as a driver undertaking a permissive left turn from the major street is
primarily looking ahead for gaps in oncoming traffic and may not see
pedestrians crossing the minor street.

- Right turns on red (legal in most of the United States and Canada).
These have a moderate potential for severity due to the driver looking
to the left for a gap and not seeing the pedestrian crossing in front of
the stopped driver from the right. In some cases drivers turning right
on red move into the crosswalk to improve their sight lines to the left
and cause pedestrians to pass either in front or behind them.

Pedestrians at roundabouts, on the other hand, face two conflicting vehicular
movements on each approach, as depicted in Exhibit 5-8:

e Conflict with entering vehicles and
e Conflict with exiting vehicles.

At conventional and roundabout intersections with multiple approach lanes, an
additional conflict is added with each additional lane that a pedestrian must cross.

/)

\w/,

O Vehicle/Pedestrian Conflicts
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5.2.4 BICYCLE CONFLICTS

Bicyclists face similar conflicts as motor vehicles at both signalized intersec-
tions and roundabouts. However, because bicyclists typically ride on the right
side of the road between intersections, they face additional conflicts when they
need to merge into the flow of motor vehicle traffic or where motor vehicles cross
their path. Conflicts unique to bicyclists occur on each approach to conventional
four-leg intersections, and the typical vehicle-vehicle conflicts within the intersec-
tion can be more significant for bicyclists. The conflicts experienced by bicyclists
vary widely depending on how they choose to negotiate the intersection:

e Many cyclists making through movements will continue to ride on the
right side of the road as they enter a conventional intersection; this action
results in a conflict point with motorists who are making right turns (the
“right hook” crash type).

e Experienced cyclists often merge into the flow of motor vehicle traffic
prior to entering the intersection, reducing the likelihood of right-hook
crashes and making themselves more visible to other drivers at the inter-
section. This action results in a possible merging conflict point in advance
of the intersection. Experienced cyclists prefer this conflict point because
they are able to control the location and dynamics of the merge.

e Cyclists making vehicular-style left turns need to merge into other vehicle
traffic and sometimes across travel lanes if there are multiple through
travel lanes and/or a left-turn only lane. This maneuver results in at least
one and possibly multiple merging conflicts.

e Some cyclists may choose to make pedestrian-style left turns on the road-
way by riding straight through the intersection on the right side, stopping
at the far corner, turning their bicycle 90° to the left, and traveling straight
through as if they were coming from the right. These cyclists experience
the typical vehicle—vehicle conflicts as well as two right-hook conflicts,
one for each of their through movements.

e Some cyclists (typically children or less-experienced adult cyclists) choose
to travel through intersections by using the sidewalks and crosswalks.
These cyclists experience the same conflict points as described for pedestri-
ans in Section 5.2.3. If these cyclists choose to ride their bikes through
crosswalks, the probability of a crash is generally higher due to their speed
and reduced ability to react to a possible conflict. These cyclists also experi-
ence potential conflicts with pedestrians on sidewalks or in crosswalks.

Similarly to conventional intersections, the conflicts experienced by bicyclists
at roundabouts are dependent on how they choose to negotiate the roundabout.
The primary issue is whether cyclists choose to travel through the roundabouts
like other vehicles or like pedestrians. Some roundabouts include design features
that make it easy for cyclists to make this choice.

If bicyclists travel through a roundabout as a vehicle, they experience several
conflicts unique to bicyclists:

e A merging conflict occurs at the point where the bicyclist merges into the
traffic stream.

: An Informational Guide

At both conventional inter-
sections and roundabouts, the
type and number of conflicts
experienced by bicyclists are
dependent on how they choose
to negotiate the intersection.
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Bicycle-pedestrian conflicts
can also occur on sidewalks or
shared use paths adjacent

to the roundabout.

At multilane roundabouts, it is recommended that cyclists travel through
the roundabout in the same manner as other vehicles. Therefore, cyclists
making left turns may encounter multiple merging conflicts as they
change into a lane designated for left-turn movements.

At roundabouts where a right-turn only lane or a right-turn bypass lane is
present, cyclists making through movements or left-turn movements may
also experience additional merging conflicts.

Cyclists should not choose to travel on the outside part of the circulatory
roadway, even at multilane roundabouts. However, some bicyclists may
choose to ride in this position past a roundabout exit, where they face a
potential conflict with exiting vehicles.

When circulating at a roundabout, bicyclists are less visible and therefore
more vulnerable to the merging and exiting conflicts that happen at multi-
lane roundabouts. This is especially true if cyclists hug the curb as
described above, because motorists further to the right are more out of the
primary sight lines of entering drivers. In addition, since cyclists typically
travel slightly slower than other vehicles in roundabouts, it is possible for
motorists to pass cyclists and cut them off when exiting.

As described above, bicyclists should make left turns in the same manner
as vehicles. However, their slower speed makes it possible for motorists
to pass them on the right, resulting in another possible conflict when left-
turning bicyclists exit the roundabout.

If bicyclists travel through a roundabout like pedestrians, then they experi-
ence the typical pedestrian—vehicle conflicts as described in Section 5.2.3 as well as
several conflicts unique to bicyclists:

A bicycle—pedestrian conflict occurs at the point where the bicyclist gets
onto the sidewalk or shared-use path.

On shared-use paths or on sidewalks at roundabouts, if bicyclists con-
tinue to ride, additional bicycle-pedestrian conflicts occur wherever
bicycle and pedestrian movements cross.

If bicyclists choose to ride their bikes through crosswalks, the probability
of a crash is generally higher due to their speed and reduced ability to
react to a possible conflict with vehicles.

A merging conflict exists with other bicyclists and possibly motor vehicles
at the point where the bicyclists reenter the roadway after traveling
through the roundabout as a pedestrian.

5.3 OBSERVED SAFETY PERFORMANCE

This section summarizes the overall safety performance of roundabouts in the
United States and the detailed collision types experienced. Pedestrian and bicycle
crash statistics are discussed separately using international data.
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5.3.1 COMPARISONS TO PREVIOUS INTERSECTION TREATMENT

The most up-to-date knowledge on the safety effects of roundabout conver-
sions in the United States is summarized in NCHRP Report 572 (2). Before-and-after
conversion data were collected for 55 locations with variations in previous inter-
section treatment (two-way stop, all way stop, or signal control), environment
(urban and rural), and number of circulating lanes.

Exhibit 5-9 presents the results of this study for both total and injury accidents,
including the expected percent reduction and associated standard error. Injury
accidents are defined as those involving definite injury or fatality. In other words,
property damage only (PDO) and possible injury accidents (C on the KABCO scale)
are not included. Results are shown separately for various logical groups for which
sample sizes were large enough to facilitate a disaggregate analysis. The percent
reduction can be applied to the expected crash frequency prior to conversion to
estimate the expected crash frequency of a contemplated roundabout or the
expected reduction in crashes following conversion.

Estimate of the Percent
Reduction in Crashes
(and Standard Error)

Control All Injury +
Before Sites Setting Lanes Fatal

All Sites 55 All All 35.4% (3.4) 75.8% (3.2)
9 All All 47.8% (4.9) 77.7% (6.0)
Signalized 4 Suburban 2 66.7% (4.4) Sample too

small
to analyze
5 Urban All Effects 60.1% (11.6)

insignificant

All-way 10 All All Effects Effects
stop insignificant insignificant
36 All All 44.2% (3.8) 81.8% (3.2)
9 Rural 1 71.5% (4.0) 87.3% (3.4)
17 All 29.0% (9.0) 81.2% (7.9)
12 Urban 1 39.8% (10.1) 80.3% (10.0)
Two-way 5 2 Sample too small Sample too

stop to analyze small

to analyze

10 All 31.8% (6.7) 71.0% (8.3)
4 Suburban 1 78.2% (5.7) 77.6% (10.4)
6 2 19.3% (9.1) 68.0% (11.6)
27 Urban/ All 30.8% (5.5) 74.4% (6.0)
16 Suburban 1 56.3% (6.0) 77.7% (7.4)
11 2 17.9% (8.2) 71.8% (9.3)

Overall, there is an observed reduction of 35% and 76% in total and injury
crashes, respectively, following conversion to a roundabout. These values are
consistent with results from international studies, as shown in Exhibit 5-10.

The findings of these studies all show that injury crashes are reduced more
dramatically than crashes involving property damage only. This is in part due to
the configuration of roundabouts, which eliminates severe crashes such as left-
turn, head on, and right angle crashes. Other conclusions specifically drawn from
the U.S. study (2) are as follows:

e Control type before. There are large and highly significant safety benefits
of converting intersections with signals and two-way stop control to

: An Informational Guide

Exhibit 5-9
Comparisons to Previous
Intersection Treatments in
the United States
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Exhibit 5-10
Mean Crash Reduction
in Various Countries

Exhibit 5-11
Crash Types at U.S.
Roundabouts

Mean Reduction (%)

Country All Crashes Injury Crashes
Australia 41-61% 45-87%
France - 57-78%
Germany 36% -
Netherlands 47% -
United Kingdom - 25-39%
United States 35% 76%

Source: (7), France (8), U.S. (2)

roundabouts. The benefits are greater for injury crashes than for all crash
types combined. For the conversions from all-way stop control there is no
apparent safety effect.

e Number of lanes. The safety benefit is greater for single-lane roundabouts
than for two-lane designs for urban and suburban roundabouts that were
previously two-way stop-controlled.

e Setting. The safety benefits for rural installations, which were all single-
lane, were greater than for urban and suburban single-lane roundabouts.

e Additional insights. Further analysis provided the following insights:

—  The safety benefit appears to decrease with increasing AADT,
irrespective of control type before, number of lanes, and setting.

—  For various combinations of settings, control type before, and number
of lanes for which there were sufficiently large samples, there was no
apparent relationship to inscribed circle diameter or central island
diameter.

—  The reduction in all types of crashes and injury crashes is particularly
notable in rural environments where approach speeds are high.

5.3.2 CRASH TYPES

It is instructive for designers to examine details of crash types and location
at roundabouts. Exhibit 5-11 shows the percentage of the main crash types found
in U.S. data in an analysis of 39 roundabouts where detailed crash reports were
reviewed (2). As can be seen from the exhibit, over half of the crashes are two-
vehicle crashes involving entering or exiting the roundabout. Further distinction
with entering—circulating and exiting—circulating crashes can be made between
single-lane and multilane roundabouts. For single-lane roundabouts, 80% of these

Crash Type Percent
Entering—Circulating 23
Exiting—Circulating 31
Rear-End on Leg 31
Loss of Control on Leg 13
Pedestrian 1
Bicycle 1

Source: (2)
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two types of crashes were entering—circulating, with 20% exiting—circulating.
However, for multilane roundabouts, the opposite type of crash is predominant:
64% were exiting—circulating, with 36% entering—circulating.

Additional data compiled by the IIHS (9) provides a summary of crash types at
29 single-lane roundabouts and 9 multilane roundabouts in Maryland. The study
represents 149 crashes at the single-lane sites and 134 crashes at the multilane sites
for which at least 2 years of data was available. Six of the single-lane roundabouts
accounted for 59% of all crashes at single-lane roundabouts studied, and 2 round-
abouts accounted for more than 80% of all crashes at the multilane roundabouts.

Crash-type results from the IIHS study are presented in Exhibit 5-12 along
with international data for comparison. Exhibit 5-13 illustrates the crash types

United States Exhibit 5-12

Queensland, United Single-  Double-
Crash type France Australia Kingdom* Lane Lane
1. Failure o yield at entry 36.6% 50.8% 71.1% 13% 17%
(entering-circulating)
2. Slpglevehlcle run off the 16.3% 10.4% 82042 50042 28042
circulatory roadway
3. Single vehicle loss of control 11.4% 5.20% 2 2 2
at entry
4. Rear-end at entry 7.4% 16.9% 7.0%° 34% 19%
5. Circulating—exiting 5.9% 6.5% 4%
6. Pedestrian on crosswalk 5.9% 3.5%"* 4%°
7. Slngle_vehlcle loss of control 2506 2 6% 2
at exit
8. Exiting—entering 2.5% 1%
9. Rear-end in circulatory 0.5% 1.2%
roadway
10. Rear-end at exit 1.0% 0.2%
11. Passing a bicycle at entry 1.0%
12. Passing a bicycle at exit 1.0%
13. Weaving in circulatory 25% 2.0%
roadway
14. Wrong direction in 1.0%
circulatory roadway
15. Pedestrian on circulatory 3.5% a
roadway
16. Pedz_astnan at approach 1.0% 4
outside crosswalk
Other collision types 2.4% 10.2% 2% 3%
Other sideswipe crashes 1.6% 24%°

Notes:

1. Data are for “small” roundabouts [curbed central islands >13 ft (4 m) diameter, relatively large
ratio of inscribed circle diameter to central island size]

2. Reported findings do not distinguish among single-vehicle crashes.

3. Reported findings do not distinguish among approaching crashes.

4. Reported findings do not distinguish among pedestrian crashes.

5. Reported findings combine pedestrian and bicycle crashes.

6. Reported findings do not distinguish among sideswipe crashes.

Sources: France (10), Australia (11), United Kingdom (1), United States (2)

Comparison of Crash Types
at Roundabouts

Chapter 5/Safety Page 5-17



Roundabouts: An Informational Guide

Exhibit 5-13

Graphical Depiction of Crash
Types at Roundabouts
(Numbers correspond to
those in Exhibit 5-12.)

Source: (12)

identified in Exhibit 5-12. Exhibit 5-12 shows that a variety of distinctive crash
types can take place at roundabouts. A designer should be aware of these crash
types when making decisions about alignment and location of fixed objects. These
crash types are suggested as conflict types for reporting crashes at roundabouts
and conducting traffic conflict analysis.
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5.3.3 PEDESTRIANS

As described previously, vehicular injury crashes normally decrease when
roundabouts are installed at an existing intersection. The safety benefits of round-
abouts have been found to carry over to pedestrians as well, as shown in the
British statistics of Exhibit 5-14. This may be due to the reduced speeds at round-
abouts as compared with the previous intersection forms.

Intersection Type Pedestrian Crashes per Million Trips
Mini-roundabout 0.31
Conventional roundabout (older designs) 0.45
Flared roundabout (newer designs) 0.33
Signals 0.67

Source: (1, 14)

For pedestrians, the risk of being involved in a severe collision is lower at
roundabouts than at other forms of intersections due to the slower vehicle speeds.
Likewise, the number of conflict points for pedestrians is lower at roundabouts
than at other intersections, which can lower the frequency of crashes. The splitter
island between entry and exit also allows pedestrians to resolve conflicts with
entering and exiting vehicles separately.

For pedestrians, speed plays a significant role in whether a vehicle-pedestrian
crash will result in a fatality. Exhibit 5-15 shows that a pedestrian is about 8 times
more likely to die when struck at 30 mph (50 km/h) than at 20 mph (32 km /h)—

a difference of only 10 mph (13). Therefore, the difference in design speed is criti-
cal to all users who are not within the protective body of a motorized vehicle.

The minor additional delay or inconvenience to drivers of lower-speed round-
about designs (as compared to higher-speed roundabout designs) is a trade-off for
the substantial safety benefit to pedestrians (and bicyclists). Older drivers may ben-
efit from the additional time to perceive, think, react, and correct for errors (as may
all users). It should be clarified that there has been no specific research performed
on older drivers, older pedestrians, and older bicyclists at roundabouts. It should
also be noted that visually impaired pedestrians are not provided the audible cues

20moh B 5%

ol R

s N 80%

e N 100%

Source: (13)

Exhibit 5-14

British Crash Rates for
Pedestrians at Roundabouts
and Signalized Intersections

Exhibit 5-15
Chance of Pedestrian Death If
Hit by a Motor Vehicle
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Exhibit 5-16

Percentage Reduction in the
Number of Crashes by Mode
in a Dutch Study

Bicyclists experience more
problems at roundabouts than
any other road user.

Exhibit 5-17

British Crash Rates for
Bicycles and Motorcyclists
at Roundabouts and
Signalized Intersections

from vehicle streams that are available at a signal-controlled intersection. For
example, at roundabout exits it may be difficult to discern the sound of vehicles
that will continue to circulate from those exiting the roundabout. Therefore, infor-
mation needs to be provided to these users through various appropriate design
features for them to safely locate and navigate the crossings at roundabouts.

A Dutch study of 181 intersections converted to roundabouts (4) found reduc-
tions of 73% in all pedestrian crashes and 89% in pedestrian injury crashes. In this
study, all modes shared in the safety benefits to greater (passenger cars) or lesser
extents (bicycles), as shown in Exhibit 5-16.

Mode All Crashes Injury Crashes
Passenger car 63 95
Moped 34 63
Bicycle 8 30
Pedestrian 73 89
Total 51 72
Source: (4)

A risk analysis of 59 roundabouts and 124 signalized intersections was carried
out on crash data in Norway between 1985 and 1989. Altogether, 33 crashes involv-
ing personal injury were recorded at the 59 roundabouts. Only one of these crashes
involved a pedestrian, compared with the signalized intersections where pedestrians
were involved in 20% of the personal injury crashes (57 of 287 injury crashes) (15).

5.3.4 BICYCLISTS

Safety studies on bicyclists at roundabouts have mixed findings. As shown in
Exhibit 5-17, in Britain, bicyclists fare worse in terms of crashes at roundabouts
than at signalized intersections.

Intersection Type Bicyclist Crashes per Motorcyclist Crashes per
Million Trips Million Trips
Mini-roundabout 3.11 2.37
Conventional roundabout 291 2.67
Flared roundabout 7.85 2.37
Signals 1.75 2.40

Source: (1, 14)

A French study (5) compared the crashes in 1988 in 15 towns in the west of
France at signalized intersections and roundabouts, as shown in Exhibit 5-18. The
conclusions from the analysis were:

e There were twice as many injury crashes per year at signalized intersec-
tions than at roundabouts.

e Two-wheel vehicles were involved in injury crashes more often (+77%) at
signalized intersections than at roundabouts.

e People were more frequently killed and seriously injured per crash
(+25%) at roundabouts than at signalized intersections.

e Proportionally, two-wheel vehicle users were more often involved in
crashes (+16%) at roundabouts than at signalized intersections.
Furthermore, the consequences of such crashes were more serious.
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itersections _ Roundavouts

Number of intersections 1238 179

Number of personal injuries 794 59

Number of crashes involving two-wheel vehicles 278 28
Personal injury crashes/year/intersection 0.64 0.33
Two-wheel vehicle crashes/year/intersection 0.23 0.13
Crashes to two-wheel vehicles per 100 crashes 35.0 40.7
Serious crashes/year/crossroad 0.14 0.089
Serious crashes to two-wheel vehicles/year/crossroad 0.06 0.045
Serious crashes/100 crashes 219 27.1

Serious crashes to two-wheel vehicles/100 crashes to a 270 33.3

two-wheel vehicle

Source: (5)

All European countries report that a more careful design is necessary to
enhance bicyclist safety. The type of bicycle crashes depends on the bicycle facili-
ties provided at the roundabout. If there are no bicycle facilities, or if there is a bike
lane on the outer area of the circulatory roadway, crashes typically occur between
entering cars and circulating bicyclists as well as between exiting cars and bicyclists
that are circulating around the outer edge of the circulatory roadway. Improperly
placed signs on the splitter island may also be a contributing factor.

As a result, most European countries have policies:
* Toavoid bike lanes on the outer edge of the circulatory roadway;

e To allow bicyclists to mix with vehicle traffic without any separate facility
in the circulatory roadway when traffic volumes are low, on single lane
roundabouts operating at lower speeds [e.g., up to 8,000 vehicles per day
in the Netherlands (4)]; and

* Tointroduce separated bicycle facilities outside the circulatory roadway
when vehicular and bicycle volumes are high. These separated bicycle
facilities cross the exits and entries at least one car length from the edge
of the circulatory roadway lane, adjacent to the pedestrian crossings. In
some countries (e.g., Germany), bicyclists have priority over entering and
exiting cars, especially in urban areas. Other countries (e.g., Netherlands)
prefer to give priority to car traffic, showing a yield sign to bicyclists. The
latter solution (i.e., separated bicycle facilities with vehicular traffic priority
at the crossing points) is the standard solution for rural areas in most
European countries.

Extrapolating European bicycling experience to the United States should be
done with caution since drivers in Europe are more accustomed to interacting
with bicyclists.

Speed is a fundamental risk factor in the safety of bicyclists. Typical on-road
bicyclist speeds are in the range of 12 to 20 mph (20 to 30 km/h), and designs that
constrain the speeds of vehicles to similar values will minimize the relative speeds
and thereby improve safety. Design features that slow traffic are considered safe
treatments for bicyclists (16). These may include tightening entry curvature and
entry width and radial alignment of the legs of a roundabout, such as with the

Exhibit 5-18

A Comparison of Crashes in
France between Signalized
Intersections and
Roundabouts

Typical European practice is to
provide separated bicycle facili-
ties outside the circulatory
roadway when vehicular and
bicycle volumes are high.
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urban compact design. In addition, multilane roundabouts should not be used
where they are not needed for capacity purposes in the short term, as single-lane
roundabouts are much safer for bicyclists.

5.4 INTERSECTION-LEVEL CRASH
PREDICTION METHODOLOGY

Intersection-level crash prediction models can be used to evaluate the safety
performance of an existing roundabout relative to its peers and in the estimation
of the expected safety changes if a roundabout is contemplated for construction at
an existing, conventional intersection. A key proviso is a requirement that the models
can be assumed as representative of the pertinent jurisdiction or can be recalibrated using
data representative of that jurisdiction.

For an existing roundabout, the safety-performance estimate can be used in
a network screening process to examine the performance of that roundabout in
relation to other roundabouts or other intersections. For roundabouts performing
below par from a safety perspective, diagnostic procedures can be used to isolate
any problems and develop corrective measures.

The methodology provides a means to combine model predictions and observed
accident frequencies into a single, refined estimate of the expected crash frequency
so that the observed crash history of a site can be considered in the estimation
process. This empirical Bayes (EB) methodology recognizes that the observed
crash frequency, by itself, is a poor estimate of safety performance due to the
randomness of crash counts.

Intersection-level models for roundabouts in the United States are docu-
mented in NCHRP Report 572 (2) and shown in Exhibit 5-19 and Exhibit 5-20. The
dispersion parameter in these tables was estimated in the model calibration
process and is used in the EB methodology as illustrated below.

5.4.1 METHODOLOGY TO EVALUATE THE SAFETY PERFORMANCE
OF AN EXISTING ROUNDABOUT

Step 1: Assemble data, including the number of approaches, number of circu-
lating lanes, and the count of total and KAB injury crashes (i.e., excluding possible
injury crashes) for the roundabout of interest for a period of 1 years (up to 10 years).
For the same time period, obtain or estimate a total entering AADT representative
of that time period.

Step 2: Select the appropriate roundabout level model from Exhibit 5-19 or
Exhibit 5-20 and use to estimate the annual number of crashes (P) that would be
expected at roundabouts with traffic volumes and other characteristics similar to
the one being evaluated.

If the selected model can be assumed to represent the jurisdiction, it can be
used directly.

If, as may be more likely the case, the model cannot be assumed to represent
the jurisdiction, a calibration multiplier must first be estimated using data (similar
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Exhibit 5-19
Intersection-Level Safety
Performance Models

and Validity Ranges—
Total Crashes

Exhibit 5-20
Intersection-Level Safety
Performance Models

and Validity Ranges—
KAB Injury Crashes

to data acquired in Step 1) from a sample of roundabouts representative of ones in
that jurisdiction. At a minimum, a dataset for at least 10 roundabouts with a mini-
mum of 50 crashes is needed. The recalibration multiplier is the sum of crashes
recorded in this dataset divided by the sum of the crashes predicted by the model
for this dataset. The model from Exhibit 5-19 or Exhibit 5-20 is then applied with
the recalibration multiplier to estimate the annual number of crashes (P).

Step 3: Combine the model estimate (P) with the count of crashes (x) in the n
years of observed data to obtain an estimate of the expected annual number of
crashes (m) at the roundabout. This estimate of m is calculated as:

m=w;x+w,P Equation 5-1

P Equation 5-2
(1/k)+ nP

w, =
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Equation 5-3

. = (K)
> (1k)+nP

where

m = expected annual crash frequency;
x = total crashes observed,;
P = predicted annual number of crashes;
n = years of observed data; and
k = dispersion parameter for a given model (given in Exhibit 5-19 or
Exhibit 5-20).

Estimates can be obtained for crashes of all severities combined (total crashes)
or for KAB-injury crashes only.

5.4.2 APPLICATION TO NETWORK SCREENING

In network screening, the refined safety performance estimate, 1, can be used
to assess how well an existing roundabout is performing relative to other similar
roundabouts or to intersections of other types. Comparisons may be made to the
average expected crash frequency of a collection of other sites or to specific sites. If
the other site(s) are also roundabouts, the appropriate models would be selected
from Exhibit 5-19 or Exhibit 5-20 and recalibrated if necessary. If the other sites are
other intersection types, then similar models specific to those site types need to be
assembled. Many jurisdictions may have calibrated their own models for other
intersection types; otherwise, models from other sources may be adapted by esti-
mating a recalibration multiplier using the procedure outlined in Section 5.4.2.1.
More detailed information on network screening methods is available in the HSM
and in the documentation for FHWA's SafetyAnalyst software (17).

5.4.2.1 Comparison to the Average Expected Crash
Frequency of Similar Roundabouts

Comparing the expected crash frequency of a particular roundabout to the aver-
age expected frequency involves comparing that site’s EB estimate to the model
estimate for roundabouts with similar numbers of approaches and circulating lanes.
For instance, from Exhibit 5-21 an analyst could conclude that the safety performance
for that roundabout is worse than that for similar roundabouts since its expected
crash frequency, 3.94, is larger than the model estimate for similar roundabouts, 3.39.

5.4.2.2 Comparison to Other Specific Sites

This comparison involves comparing the site’s EB estimate to the EB estimate
for the other sites. These sites could be roundabouts or all intersections in a juris-
diction (other roundabouts and other conventional intersections). A useful
application of these estimates is to rank sites in descending order of the EB esti-
mate of the expected crash frequency to prioritize the sites for a more detailed
investigation of safety performance. An alternative method is to rank sites by the
difference between the EB estimate and the prediction model estimate.

Using Exhibit 5-21, the ranking measures described above would provide the
following results: (1) for the first method, a value of 3.94 would be used, or (2) for
the second method, a value of (3.94 — 3.39 = 0.55) would be used.
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Exhibit 5-21
Calculation of Total Crashes

These measures can be calculated for total crashes and for injury crashes and,
from the differences between the two estimates, for non-injury crashes. A severity-
weighted ranking measure can be derived by applying weights to injury and
non-injury crashes that reflect their relative severity. (In estimating a severity
ranking measure for the second method, a negative difference in crash frequency
is converted to a value of zero.)

Thus, continuing from Exhibit 5-21, using the EB weights on their own, the
appropriate safety performance model and dispersion parameter k from Exhibit 5-20,
given four approaches and one circulating lane, for injury crashes are as shown in
Exhibit 5-22.

5.4.3 ESTIMATING THE SAFETY BENEFIT OF A CONTEMPLATED
CONVERSION OF AN EXISTING INTERSECTION
TO A ROUNDABOUT

The objective of this procedure is to provide designers and planners with a
tool to estimate the change in crash frequency expected with the installation of a
roundabout at an existing controlled intersection.
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Exhibit 5-22
Calculation of Injury Crashes

A safety performance model representative of the existing intersection is
required. This, again, will require that one exist for the jurisdiction or that data are
available to enable a recalibration of a model calibrated for another jurisdiction
using the procedure outlined earlier. The model for the existing intersection would
be used, along with the intersection’s crash history, in the empirical Bayes proce-
dure to estimate the expected crash frequency with the status quo in place. This EB
estimate would then be compared to the expected frequency should a roundabout be
constructed to estimate the benefit of converting the intersection to a roundabout.

The expected frequency should a roundabout be constructed is estimated from an
intersection-level model. As before, this requires that it be possible to recalibrate
intersection-level models or that existing models be deemed adequate for the
jurisdiction. Where there is no applicable intersection-level model for the jurisdic-
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tion, an alternate approach can be used. In this, the results of the before-after
study presented in Exhibit 5-9 can be applied as accident modification factors
(AMFs) to the expected crash frequency with the status quo in place to find the expected
benefit. More details on this alternate approach are provided in the HSM.

The first approach is preferred to the alternate and is most convenient
because a comprehensive set of accident modification factors for a large number
of conditions, including AADT levels, which would be required for properly
applying the second approach, is not likely to be available.

5.4.3.1 Overview of the Recommended Approach

This example assumes that a stop-controlled intersection is being considered
for conversion to a roundabout.

Step 1: Assemble data and accident prediction models for stop-controlled
intersections and roundabouts.

1. For the past 5 years (if possible), obtain the count of total and injury
crashes for the stop-controlled intersection under review.

2. For the same period, obtain or estimate the average total entering AADTs.

3. Estimate the average annual entering AADTs that would prevail for the
period immediately after the roundabout is installed.

4. Assemble required crash prediction models for stop-controlled intersec-
tions and roundabouts for both total crashes and for KAB injury crashes.
If the models cannot be assumed to be representative of the jurisdiction,
a calibration multiplier must first be estimated using data from a sample
of roundabouts representative of that jurisdiction and the procedure
outlined earlier

Step 2: Use the EB procedure documented in Section 5.4.1 with the data from
Step 1 and the stop-controlled intersection model to estimate the expected annual
number of total and KAB injury crashes that would occur without conversion (i.e.,
had the intersection remained stop-controlled). The EB estimate for non-KAB
crashes is then derived as the EB estimate for total crashes, minus the EB estimate
for injury crashes.

Step 3: Use the appropriate intersection-level model from Exhibit 5-19 or Exhibit
5-20 and the AADTs from Step 1 to estimate the expected number of total and
injury crashes that would occur if the intersection were converted to a round-
about. The estimate for non-KAB crashes is then derived as the model estimate for
the total minus the model estimate for injury.

Step 4: Obtain, for KAB injury and non-KAB crashes, the difference between
the stop-controlled EB estimate from Step 2 and the intersection-level model esti-
mates from Step 3.

Step 5: Applying suitable dollar values for KAB injury and non-KAB crashes
to the estimates from Step 4, obtain the estimated net safety benefit of converting
the intersection to a roundabout. A useful source of these dollar values is FHWA's
crash cost estimates (18).

: An Informational Guide
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Step 6: Compare estimated net safety benefit from Step 5 against the annual-
ized roundabout conversion costs, considering other impacts if desired, and using
conventional economic analysis tools. How and whether this is done is very juris-
diction-specific. Conventional methods of economic analysis can be applied after
obtaining estimates of the economic values of changes in delay, fuel consumption,
and other impacts. The results of the analysis above may indicate that roundabout
conversion is justified based on a consideration of safety benefits. This result may
be considered in context with other factors such as the following;:

e Other improvement measures at the existing intersection may be more
cost effective.

e Other impacts (delay, fuel consumption, etc.) may need to be assessed.

e Inasystem context, other locations may be more deserving of a round-
about. In other words, the results of the above analysis should be
considered in the context of a more comprehensive, system-wide safety
resource allocation process.

See Exhibit 5-23 for an example calculating the expected change in crashes
when converting an intersection to a roundabout.

5.5 APPROACH-LEVEL CRASH
PREDICTION METHODOLOGY

At the approach level, models are used for separately predicting three crash
types (entering—circulating, exiting—circulating, and approach crashes) as a func-
tion of AADT and design characteristics. A range of alternative models are
available depending on the design features of interest.

Entering—circulating crashes are computed using Equation 5-4.
Equation 5-4 Crashes/ year = ao (EnteringAADT )" (CircAADT )" elbi(Vart)s - +bs(Var3)]

where parameters are defined in Exhibit 5-24.

Exit-circulating crashes are computed using Equation 5-5.
Equation 5-5 Crashes/year = ao (ExitingAADT )" (CircAADT )* elti(Varipe - +bs(Var5)]

where parameters are defined in Exhibit 5-25.

Approach crashes are computed using Equation 5-6.
Equation 5-6 Crashes/ year = ao (Entering AADT )" elb(Approacitialfvidh)]

where parameters are defined in Exhibit 5-26.

These models can be used for evaluating the safety at the approach level of
existing roundabouts or alternative roundabout design options. There are two
possibilities for application in this context:

1. Direct application for an existing roundabout: In this the model is used
directly by substituting values of AADT and design characteristics to
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Exhibit 5-23

Calculation of Expected
Change in Crashes
Converting an Intersection
to a Roundabout

Chapter 5/Safety Page 5-29



Roundabouts: An Informational Guide

Exhibit 5-23 (cont.)
Calculation of Expected
Change in Crashes
Converting an Intersection
to a Roundabout

Page 5-30 Chapter 5/Safety



Roundabouts: An Informational Guide

Central Angle 1/Entry
Entry Entry Island  To Next Path
Entering Circ. Radius  Width Diameter Leg Radius
Model Multiplier AADT AADT (ft) (ft) (ft) (deg) (2/5t)
No. ao ai az b1 b2 bs ba bs
1 0.00000176  1.0585 0.3672 — — — — —
2 0.00000216  0.9771 0.3088 0.0099 — — — —
3 0.00000474  0.9217 0.2900 — 0.0582  -0.0076 — —
4 0.00000213  1.0048 0.3142 0.0103 — -0.0046 — —
5 0.00015668  0.9499 0.2687 0.0105 — — -0.0425 —
6 0.00073488  0.7018 0.1321 — 0.0511 — -0.0276 —
7 0.00012735 0.8322 0.1370 — — — — 138.096
(Shaded row indicates preferred model.)
Inscribed Central 1/Exit
Circle Island Circ. 1/Circ. Path Path
Exiting Circ. Diameter Diameter  Width Radius Radius
Model Multiplier AADT AADT (ft) (ft) (ft) (2/ft) (2/ft)
No. ao ai az b1 b2 bs ba bs
1 0.00044631 0.3413 0.5172 — — — — —
2 0.00000846 0.2801 0.2530 0.0222 0.1107 — —
3 0.00001308 0.3227 0.3242 — 0.0137 0.1458 — —
4 0.02215926 0.2413 0.5626 — — — 372.8710 —
5 0.00005363 0.6005 0.7471 — — — — -387.729

(Shaded row indicates preferred model.)

Multiplier Entering AADT Approach Half-Width (ft.)
Model No. ao a1 b1
1 0.0034961 0.6036 —
2 0.0057838 0.4613 0.0301

(Shaded row indicates preferred model.)

evaluate the safety performance of an existing roundabout with respect to

the three crash types.

Application for a roundabout being designed or redesigned: In this, similar in
principle to the predictive methodologies in the HSM and the Interactive
Highway Safety Design Model (IHSDM), models with AADT as the only
variable (Model 1 in Exhibit 5-24, Exhibit 5-25, and Exhibit 5-26) are con-
sidered as base models for average design conditions, and AMFs are
applied for design features that are different from average conditions.
Coefficients from models that include design variables are used in devel-
oping these AMFs.

Details of these applications are provided below.

5.5.1 EVALUATION OF APPROACH-LEVEL SAFETY PERFORMANCE

While the approach-level models have been developed to assist with design
decisions, they can also be used in an EB procedure to estimate the expected safety
performance at an approach or a number of approaches to an existing round-
about, provided as before that the models can be assumed as representative of the pertinent
jurisdiction or can be recalibrated using representative data from that jurisdiction. This
would be used to compare the safety performance of the subject roundabout
approach to that of other similar approaches. For entities performing below par

Exhibit 5-24
Entering-Circulating Models

Exhibit 5-25
Exiting-Circulating Models

Exhibit 5-26
Approach Models
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Equation 5-7

Equation 5-8

from a safety perspective, diagnostic procedures can then be used to isolate any
problems and to develop corrective measures.

The application of the EB method at the approach level would be identical
to the procedure presented and illustrated earlier for the intersection level in
Section 5.4. The models to be used would be those indicated by the shaded rows
of Exhibit 5-24, Exhibit 5-25, and Exhibit 5-26.

5.5.2 CONSIDERATION OF APPROACH-LEVEL MODEL
RESULTS FOR HSM-TYPE APPLICATION

The HSM documents an accident prediction algorithm that enables the number
of total intersection-related accidents per year to be estimated using Equation 5-7:

N = Ny (AMF, x AME, x - - - x AMF,)
where

N = predicted number of total intersection-related crashes per year after
application of accident modification factors;
N, = predicted number of total intersection-related crashes per year for
base conditions; and
AMEF; = accident modification factors (AMF) (i = 1 to n) for various intersec-
tion features different from base conditions.

Each AMF is adjusted for observed features different from base conditions
using Equation 5-8:

AMF, = AMF{;™)

where

AMF; = accident modification factors (AMF) (i =1 to n) for various intersec-
tion features different from base conditions,
AMF,, = AMF computed for the base condition value (see Exhibit 5-27),
x = observed value for the variable, and
Xpse = base condition value for the variable (see Exhibit 5-27).

For the HSM, base condition models and AMFs are provided for conventional
stop- and signal-controlled intersections. A panel of experts selected the AMFs
after a review of relevant research findings, including calibrated prediction mod-
els, the estimated coefficients of geometric variables in these models, and the
results of before-after safety evaluation studies.

A similar methodology can be considered for roundabouts at the approach
level. For this potential application, Model 1 (with AADT as the only variable) in
Exhibit 5-24 is considered as the base model. And, as noted above, the estimated
coefficients for geometric features in the approach-level models can be considered
in developing AMFs. The AMFs directly related to geometric variables and base
condition values for these variables are shown in Exhibit 5-27.

Using the above equation, the effect of a design change can be identified by
applying the appropriate AMF. However, caution is advised because many of the
variables are correlated, resulting in model-implied effects that may not reflect
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Ba_se_) E_nterin_g— I_Exiting— Approach
Variable Condition Circulating Circulating AME

Value AMF AMF

Entry Radius 76 ft 1.010

Entry Width 20 ft 1.052

Approach Half Width 18 ft 1.031

Inscribed Circle Diameter 134 ft 1.022

Central Island Diameter 69 ft 0.992 1.014

Circulating Width 23 ft 1.117

Angle To Next Leg 93 deg 0.973

reality. The correlation matrix provided as Table 3-14 of the NCHRP Report 572 (2)
should therefore be considered before vetting these AMFs for formal application.

See Exhibit 5-28 for an example of the calculation of entering—circulating

crashes using AMFs.

Exhibit 5-27

Base Conditions for Design
Variables and AMFs Implied
for Unit Change in Variables

Exhibit 5-28
Calculation of Expected
Frequency of Entering—
Circulating Crashes
Using AMFs
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10.

11.

12.

13.
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Roundabout design involves
trade-offs between safety,
operations, and accommoda-
tion of the design vehicle.

Some roundabout features are
uniform, while others vary
depending on the location and
size of the roundabout.

The contents of this chapter are
intended to serve as guidance,
not as a standard or rule.

The use of a design technique
not explicitly included in this
chapter or a value that falls
outside of the ranges presented
in this chapter does not auto-
matically create a fatal flaw or
unsafe condition provided that
the design principles can be
achieved.

Roundabout design is an
iterative process.

6.1 INTRODUCTION

The geometric design of a roundabout requires the balancing of competing
design objectives. Roundabouts operate most safely when their geometry forces
traffic to enter and circulate at slow speeds. Poor roundabout geometry has
been found to negatively impact roundabout operations by affecting driver lane
choice and behavior through the roundabout. Many of the geometric param-
eters are governed by the maneuvering requirements of the design vehicle.
Thus, designing a roundabout is a process of determining the optimal balance
between safety provisions, operational performance, and accommodation of the
design vehicle.

While the basic form and features of roundabouts are usually independent
of their location, many of the design outcomes depend on the surrounding speed
environment, desired capacity, available space, required numbers and arrange-
ments of lanes, design vehicle, and other geometric attributes unique to each
individual site. In rural environments where approach speeds are high and bicy-
cle and pedestrian use may be minimal, the design objectives are significantly
different from roundabouts in urban environments where bicycle and pedestrian
safety are a primary concern. Additionally, many of the design techniques are
substantially different for single-lane roundabouts than for roundabouts with
two or more lanes.

The contents of this chapter are intended to serve as guidance and should
not be interpreted as a standard or rule. As described in this chapter, round-
about design is an iterative process where a variety of design objectives must be
considered and balanced within site-specific constraints. Maximizing the opera-
tional performance and safety for a roundabout requires the engineer to think
through the design rather than rely upon a design template. Throughout this
chapter, ranges of typical values are given for many of the different geometric
elements to provide guidance in the design of individual roundabout compo-
nents. The use of a design technique not explicitly included in this chapter or a
value that falls outside of the ranges presented does not automatically create a
fatal flaw or unsafe condition provided that the design principles presented in
Section 6.2 can be achieved.

Exhibit 6-1 provides a general outline for the design process, incorporating
elements of project planning, preliminary design, and final design into an itera-
tive process. Information from the operational analysis is used to determine the
required number of lanes for the roundabout (single or multilane), which dic-
tates the required size and many other design details. The basic design should
be laid out based upon the principles identified in Section 6.2 to a level that
allows the engineer to verify that the layout will meet the design objectives.
The key is to conduct enough work to be able to check the design and identify
whether adjustments are necessary. Once enough iteration has been performed
to identify an optimum size, location, and set of approach alignments, addi-
tional detail can be added to the design based upon more specific information
provided in Sections 6.4 through 6.6 related to single-lane, multilane, and mini-
roundabouts respectively.
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. . . Exhibit 6-1
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This chapter is organized such that the design principles common among
all roundabout types are presented first. Even at the concept level, engineers are
encouraged to develop designs that are consistent with the design principles in
order to depict realistic impacts and to better define the required geometry. Poor
concepts can lead to poor decision-making at the feasibility stage and can make it
more difficult to generate large changes to a design at a later stage. More detailed
design considerations specific to single-lane, multilane, and mini-roundabouts are
given in subsequent sections of the chapter.

6.2 PRINCIPLES AND OBJECTIVES

This section describes the principles and objectives common to the design of all
categories of roundabouts. Note that some features of multilane roundabout design
are significantly different from single-lane roundabout design, and some tech-
niques used in single-lane roundabout design may not directly transfer to multilane
design. However, several overarching principles should guide the development of
all roundabout designs.

Achieving these principles should be the goal of any roundabout design:

e Provide slow entry speeds and consistent speeds through the roundabout
by using deflection.

e Provide the appropriate number of lanes and lane assignment to achieve
adequate capacity, lane volume balance, and lane continuity.

e Provide smooth channelization that is intuitive to drivers and results in
vehicles naturally using the intended lanes.

e Provide adequate accommodation for the design vehicles.
e Design to meet the needs of pedestrians and cyclists.

e Provide appropriate sight distance and visibility for driver recognition of
the intersection and conflicting users.

Each of the principles described above affects the safety and operations of
the roundabout. When developing a design, the trade-offs of safety, capacity,
cost, and so on must be recognized and assessed throughout the design process.
Favoring one component of design may negatively affect another. A common
example of such a trade-off is accommodating large trucks on the roundabout
approach and entry while maintaining slow design speeds. Increasing the entry
width or entry radius to better accommodate a large truck may simultaneously
increase the speeds that vehicles can enter the roundabout. Therefore, the engi-
neer must balance these competing needs and may need to adjust the initial
design parameters. To both accommodate the design vehicle and maintain slow
speeds, additional design modifications could be required, such as offsetting the
approach alignment to the left or increasing the inscribed circle diameter of the
roundabout.

Exhibit 6-2 provides a review of the basic geometric features and key dimen-
sions of a roundabout.
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B Exhibit 6-2
[ Basic Geometric Elements of
a Roundabout
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l” \\\ roadway
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6.2.1 SPEED MANAGEMENT
Achieving appropriate vehicular speeds for entering and traveling through The most critical design objec-
h dab . itical desi biecti ith I di f tive is to maintain low and con-
the roundabout is a critical design objective as it has profound impacts on satety sistent speeds at the entry and
of all users; it also makes roundabouts easier to use and more comfortable for through the roundabout.

pedestrians and bicyclists. A well-designed roundabout reduces vehicle speeds
upon entry and achieves consistency in the relative speeds between conflicting
traffic streams by requiring vehicles to negotiate the roundabout along a curved
path. Exhibit 6-3 shows an example of a roundabout where the approach align-
ment and entry geometry manage speeds entering the roundabout.

The operating speed of a roundabout is widely recognized as one of its most
important attributes in terms of safety performance (1). Although the frequency of
crashes is most directly tied to volume, the severity of crashes is most directly tied
to speed. Therefore, careful attention to the design speed of a roundabout is fun-
damental to attaining good safety performance (2). Maximum entering design
speeds based on a theoretical fastest path of 20 to 25 mph (32 to 40 km/h) are rec-
ommended at single-lane roundabouts. At multilane roundabouts, maximum
entering design speeds of 25 to 30 mph (40 to 48 km/h) are recommended based
on a theoretical fastest path assuming vehicles ignore all lane lines. These speeds
are influenced by a variety of factors, including the geometry of the roundabout
and the operating speeds of the approaching roadways. As a result, speed man-
agement is often a combination of managing speeds at the roundabout itself and
managing speeds on the approaching roadways.
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Exhibit 6-3
Example of Using Geometry
to Manage Vehicle Speeds

Kennewick, Washington

International studies have shown that reducing the vehicle path radius at the
entry (i.e., deflecting the vehicle path) decreases the relative speed between enter-
ing and circulating vehicles and thus results in lower entering—circulating vehicle
crash rates. However, reducing the vehicle path radius at multilane roundabouts
can, if not well designed, create poor path alignment (path overlap), greater side
friction between adjacent traffic streams, and a higher potential for sideswipe
crashes (3). Therefore, care must be taken in design to promote drivers naturally
maintaining their lane. Guidance on measuring vehicle fastest path speeds is
provided in Section 6.7.1.

In addition to achieving an appropriate design speed for the fastest movements,
another important objective is to achieve consistent speeds for all movements. Along
with overall reductions in speed, speed consistency can help to minimize the crash
rate between conflicting streams of vehicles. This principle has two implications:

e The relative speeds between consecutive geometric elements should be
minimized, and

e Therelative speeds between conflicting traffic streams should be minimized.

6.2.2 LANE ARRANGEMENTS

Chapter 4 provides the methodologies for conducting an operational analysis
for a roundabout. An outcome of that analysis is the required number of entry lanes
to serve each of the approaches to the roundabout. For multilane roundabouts, care
must be taken to ensure that the design also provides the appropriate number of
lanes within the circulatory roadway and on each exit to ensure lane continuity.

Exhibit 6-4 illustrates a two-lane roundabout where the needed lane configura-
tions on the eastbound approach are a left-turn and a shared left-through-right
turn lane. For this lane configuration, two receiving lanes are needed within the
circulatory roadway. However, the exit for the through movement must be a single
lane to ensure proper lane configurations. If a second exit lane was provided
heading eastbound, the result would be overlapping vehicle paths between exiting
vehicles on the inside lane and left-turning vehicles that continue to circulate
around the outside lane.
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Exhibit 6-4
Lane Configuration Example

Double left turn
lane configuration

Single-lane exit

The allowed movements assigned to each entering lane are key to the overall
design. Basic pavement marking layouts should be considered integral to the prelimi-
nary design process to ensure that lane continuity is being provided. In some cases,
the geometry within the roundabout may be dictated by the number of lanes required
or the need to provide spiral transitions (see Section 6.5 for more information). Lane
assignments should be clearly identified on all preliminary designs in an effort to
retain the lane configuration information through the various design iterations.

In some cases, a roundabout designed to accommodate design year traffic vol-
umes, typically projected 20 years from the present, can result in substantially more
entering, exiting, and circulating lanes than needed in the earlier years of operation.
To maximize the potential safety during those early years of operation, the engineer
may wish to consider a phased design solution that initially uses fewer entering
and circulating lanes. As an example, the interim design would provide a single-lane
entry to serve the near-term traffic volumes with the ability to cost-effectively expand
the entries and circulatory roadway to accommodate future traffic volumes. To allow
for expansion at a later phase, the ultimate configuration of the roundabout needs
to be considered in the initial design. This requires that the ultimate horizontal
and vertical design be identified to establish the outer envelope of the roundabout.
Lanes are then removed from the ultimate design to provide the necessary capacity
for the initial operation. This method helps to ensure that sufficient right-of-way is
preserved and to minimize the degree to which the original roundabout must be
rebuilt. Section 6.12 provides additional information on staging of improvements.

6.2.3 APPROPRIATE PATH ALIGNMENT

Path alignment at roundabouts draws parallels to conventional intersections
and interchanges. At conventional intersections, drivers will tend to avoid driving
immediately next to one another as they pass through small radius curves when
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Exhibit 6-5
Path Overlap at
a Multilane Roundabout

executing left or right turn movements. The same is true when drivers negotiate a
two-lane loop ramp at an interchange. In both cases, the tendency to avoid traveling
side-by-side is stronger when one of the vehicles is large like a truck. This overall
behavior can also be seen at roundabouts. With this as background, engineers can
nonetheless improve the operations and safety of a given multilane roundabout by
paying attention to the path alignment of each traffic stream through it.

As two traffic streams approach the roundabout in adjacent lanes, vehicles will
be guided by lane markings up to the entrance line. At the yield point, vehicles
will continue along their natural trajectory into the circulatory roadway. The speed
and orientation of the vehicle at the entrance line determines what can be described
as its natural path. If the natural path of one lane interferes or overlaps with the
natural path of the adjacent lane, the roundabout is not as likely to operate as safely
or efficiently as possible. The geometry of the exits also affects the natural path that
vehicles will travel. Overly small exit radii on multilane roundabouts may also
result in overlapping vehicle paths on the exit.

A good multilane entry design aligns vehicles into the appropriate lane within
the circulatory roadway. Likewise, the design of the exits should also provide appro-
priate alignment to allow drivers to intuitively maintain the appropriate lane. These
alignment considerations often compete with the fastest path speed objectives.

Vehicle path overlap occurs when the natural path through the roundabout of
one traffic stream overlaps the path of another. This can happen to varying degrees,
and it can have varying consequences. For example, path overlap can reduce capac-
ity because vehicles will avoid using one or more of the entry lanes. Path overlap
can also create safety problems since the potential for sideswipe and single-vehicle
crashes is increased. The most common type of path overlap is where vehicles in the
left lane on entry are cut off by vehicles in the right lane due to inadequate entry
path alignment, as shown in Exhibit 6-5. However, path overlap can also occur

Exit vehicle
path overlap

Entry vehicle
path overlap

T —
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upon the exit from the roundabout where the exit radii are too small or the overall
exit geometry does not adequately align the vehicle paths into the appropriate lane.
Additional information on entry and exit design at multilane roundabouts is pro-
vided in Section 6.5.

6.2.4 DESIGN VEHICLE

Another important factor affecting a roundabout’s layout is the need to
accommodate the largest vehicle likely to use the intersection. The turning path
requirements of this vehicle, termed hereafter the design vehicle, will dictate many
of the roundabout’s dimensions. Before beginning the design process, the engineer
must be conscious of the design vehicle and possess the appropriate vehicle turn-
ing templates or a CAD-based vehicle turning path program to determine the vehi-
cle’s swept path.

Because roundabouts are intentionally designed to slow traffic, narrow curb-
to-curb widths and tight turning radii are typically used. However, if the widths
and turning requirements are designed too tight, it can create difficulties for large
vehicles. Large trucks and buses often dictate many of the roundabout’s dimen-
sions, particularly for single-lane roundabouts. Therefore, it is very important to
determine the design vehicle at the start of the design and investigation process.

Exhibit 6-6 illustrates an example of a single-lane roundabout that adequately
accommodates the design vehicle. In this example, the tractor-trailer combination
is accommodated using an apron within the central island. The apron provides
additional paved surface to accommodate the wide path of the trailer, but keeps
the actual circulatory roadway width narrow enough to maintain speed control
for smaller passenger cars. As shown in the photo, the size of the roundabout also
allows the cab of the truck to successfully navigate through the intersection with-
out running over the outer curb lines.

The choice of design vehicle will vary depending on the approaching roadway
types and the surrounding land use characteristics. The local or state agency with
jurisdiction of the associated roadways should usually be consulted to identify the
appropriate design vehicle for a given site. AASHTO’s A Policy on Geometric Design

Lothian, Maryland
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The design vehicle dictates
many of the roundabout’s
dimensions.

Exhibit 6-6
Example of Roundabout
Designed for Large Trucks
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of Highways and Streets provides the dimensions and turning path requirements for
a variety of common highway vehicles (4).

Commonly, WB-50 (WB-15) vehicles are the largest vehicles along urban collec-
tors and arterials. Larger trucks, such as WB-67 (WB-20) vehicles, may need to be
addressed at intersections on interstate freeway or state highway systems. Smaller
design vehicles may often be chosen at local street intersections. At a minimum, fire
engines, transit vehicles, and single-unit delivery vehicles should be considered in
urban areas, and it is desirable that these vehicles be accommodated without the
use of the truck apron. In rural environments, farming or mining equipment may
govern design vehicle needs.

Oversized vehicles (sometimes referred to as “superloads”) are another poten-
tial design vehicle that may require consideration in some locations, particularly in
rural areas and at freeway interchanges. These oversized vehicles occur relatively
infrequently and typically require a special permit for traveling on the roadway.
However, at locations where an oversized vehicle is anticipated, special considera-
tion for the size and tolerances of these vehicles will need to be provided in the
design and construction.

6.2.5 NON-MOTORIZED DESIGN USERS

As with the motorized design vehicle, the design criteria of non-motorized
potential roundabout users (e.g., bicyclists, pedestrians, skaters, wheelchair users,
strollers) should be considered when developing many of the geometric compo-
nents of a roundabout design. These users span a wide range of ages and abilities
and can have a significant effect on the design of a facility. The basic design dimen-
sions for various design users are given in Exhibit 6-7.

Section 6.8 provides additional detail regarding design for pedestrians and
bicyclists. There are two general design issues that are most important for non-
motorized users. First, slow motor vehicle speeds make roundabouts both easier to
use and safer for non-motorized users. Therefore, the use of low design speeds is

Key Dimensions of Non- User Dimension Affected Roundabout Features
Motorized Design Users Bicyclist
Length 5.9 ft (1.8 m) Splitter island width at crosswalk
Minimum operatingwidth  aft(Lzm) Bk lane width on approach oaduays
Pedestrian (walking)
Width 1.6 ft (0.5 m) Sidewalk width, crosswalk width
Wheelchair user
Minimum width 2.5t (0.75 m) Sidewalk width, crosswalk width
Operating width 3.0 ft (0.90 m) Sidewalk width, crosswalk width
Person pushing stroller
Length 5.6 ft (1.70 m) Splitter island width at crosswalk
Skaters
Typical operating width 6 ft (1.8 m) Sidewalk width
Source: (5)
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recommended in areas where pedestrians and cyclists are common. Second, as
described elsewhere in this document, one-lane roundabouts are generally easier
and safer for non-motorized users than multilane roundabouts. Therefore care
should be taken to not design a multilane roundabout when a single lane round-
about is sufficient (see Chapter 3).

For non-motorized users, one important consideration during the initial design
stage is to maintain or obtain adequate right-of-way outside the circulatory road-
way for the sidewalks. All non-motorized users who are likely to use the sidewalk
regularly, including bicyclists in situations where roundabouts are designed to pro-
vide bicycle access to sidewalks, should be considered in the design of the sidewalk
width. In addition, as discussed in Section 6.8.1, a planter strip is recommended
between the sidewalk and the circulatory roadway, so even more right-of-way
may be necessary.

For pedestrians, one key consideration at the initial design stage is to ensure
that adequate pedestrian refuge width is provided within the splitter island. The
design width for a refuge area should be a minimum of 6 ft (1.8 m) to accommodate
a typical bicycle or person pushing a stroller. Pedestrian crossings are typically pro-
vided approximately one car length behind the entrance line. Pedestrians should
also be discouraged from crossing to the central island.

An important consideration at roundabouts is the accommodation of visually
impaired pedestrians. Pedestrians with vision impairments face several challenges
at roundabouts, as described in detail in Chapter 2. These challenges magnify the
need to maintain slow vehicle speeds within the area of the crosswalk, to provide
intuitive crosswalk alignments, and to provide design elements that encourage
drivers to yield to pedestrians in a predictable manner.

Bicycle lanes should not be provided through the roundabout and should be
terminated upstream of the entrance line. Bicycle users are encouraged to merge
into the general travel lanes and navigate the roundabout as a vehicle. The typi-
cal vehicle operating speed within the circulatory roadway is in the range of 15 to
25 mph (24 to 40 km/h), which is similar to that of a bicycle. Multilane round-
abouts are more challenging for bicyclists, so additional design features may be
appropriate, as discussed in Section 6.8.

6.2.6 SIGHT DISTANCE AND VISIBILITY

The visibility of the roundabout as vehicles approach the intersection and the
sight distance for viewing vehicles already operating within the roundabout are
key components for providing safe roundabout operations. Similar in application
to other intersection forms, roundabouts require two types of sight distance to be
verified: (1) stopping sight distance and (2) intersection sight distance. The design
should be checked to ensure that stopping sight distance can be provided at every
point within the roundabout and on each entering and exiting approach such that
a driver can react to objects or other conflicting users (such as pedestrians and
bicyclists) within the roadway.

Intersection sight distance must also be verified for any roundabout design
to ensure that sufficient distance is available for drivers to perceive and react to
the presence of conflicting vehicles, pedestrians, and bicyclists. Intersection

: An Informational Guide
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Three key design decisions
are optimizing size, position,
and the alignment of the
approach legs.

Exhibit 6-8
Example of Sketch Iterations

sight distance is measured for vehicles entering the roundabout, with conflicting
vehicles along the circulatory roadway and entering from the immediate
upstream entry taken into account.

International evidence suggests that it is advantageous to provide no more than
the minimum required intersection sight distance on each approach (6). Excessive
intersection sight distance can lead to higher vehicle speeds that reduce the safety of
the intersection for all road users (motorists, bicyclists, pedestrians). Landscaping
within the central island can be effective in restricting sight distance to the mini-
mum requirements while creating a terminal vista on the approach to improve visi-
bility of the central island.

6.3 SIZE, POSITION, AND ALIGNMENT OF APPROACHES

The design of a roundabout involves optimizing three design decisions to bal-
ance the design principles and objectives established in Section 6.2. The design
decisions are optimizing (1) size, (2) position, and (3) the alignment of the
approach legs. There are numerous possible combinations of each element,
each with its own advantages and disadvantages. Selection of the optimum com-
bination will often be based upon the constraints of the project site balanced with
the ability to adequately control vehicle speeds, accommodate heavy vehicles, and
meet the other design objectives.

Exhibit 6-8 provides three possible combinations of roundabout position
and approach alignment for a specific intersection. In each example, the size
of the inscribed circle has remained fixed. As can be imagined, many other

P
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(a) Centered on Existing Intersection (b) Center

(c) Center Shifted to the East
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possible alternatives could be developed by varying the size of the inscribed
circle diameter.

Each of the alternatives shown in Exhibit 6-8 results in different impacts to
the adjacent properties. Producing sketch-level designs of several alternatives
aids the engineer in identifying these impacts and better evaluating the range of
options that are available. It is important to note that where the location of the
roundabout has been shifted from the center of the existing intersection, the
approach alignments also require adjustment to achieve more perpendicular
entries and to achieve speed control.

6.3.1 INSCRIBED CIRCLE DIAMETER

The inscribed circle diameter is the distance across the circle inscribed by
the outer curb (or edge) of the circulatory roadway, as illustrated previously in
Exhibit 6-2. It is the sum of the central island diameter and twice the circulatory
roadway width. The inscribed circle diameter is determined by a number of
design objectives, including accommodation of the design vehicle and providing
speed control, and it may require iterative experimentation. Once a sketch-level
design concept has been completed, the engineer is encouraged to look critically
at the design to identify whether the initial assumed diameter produces a desired
outcome (e.g., acceptable speeds, adequately serving the design vehicle, appropri-
ate visibility for the central island) or whether a larger or smaller diameter would
be beneficial.

At single-lane roundabouts, the size of the inscribed circle is largely dependent
upon the turning requirements of the design vehicle. The diameter must be large
enough to accommodate the design vehicle while maintaining adequate deflection
curvature to ensure safe travel speeds for smaller vehicles. However, the circula-
tory roadway width, entry and exit widths, entry and exit radii, and entry and exit
angles also play a significant role in accommodating the design vehicle and provid-
ing deflection. Careful selection of these geometric elements may allow a smaller
inscribed circle diameter to be used in constrained locations. The inscribed circle
diameter typically needs to be at least 105 ft (32 m) to accommodate a WB-50
(WB-15) design vehicle. Smaller roundabouts can be used for some local street
or collector street intersections, where the design vehicle may be a bus or sin-
gle-unit truck. For locations that must accommodate a larger WB-67 (WB-20)
design vehicle, a larger inscribed circle diameter will be required, typically in
the range of 130 to 150 ft (40 to 46 m). In situations with more than four legs,
larger inscribed circle diameters may be appropriate. Truck aprons are typi-
cally needed to keep the inscribed circle diameter reasonable while accommo-
dating the larger design vehicles.

At multilane roundabouts, the size of the roundabout is usually determined by
balancing the need to achieve deflection with providing adequate alignment of the
natural vehicle paths. Typically, achieving both of these critical design objectives
requires a slightly larger diameter than used for single-lane roundabouts. Generally,
the inscribed circle diameter of a multilane roundabout ranges from 150 to 250 ft
(46 m to 76 m). For two-lane roundabouts, a common starting point is 160 to 180 ft
(49 to 55 m). Roundabouts with three- or four-lane entries may require larger
diameters of 180 to 330 ft (55 to 100 m) to achieve adequate speed control and

Selection of an inscribed circle
diameter is generally the first
step in the design process.
After completion of a concept
design, a critical eye should be
given to evaluating whether
the initial assumed diameter is
optimal.

The inscribed circle diameter
must be large enough to
accommodate the design
vehicle while maintaining
slower speeds for small
vehicles.

The inscribed circle diameter for
a single-lane roundabout typi-
cally needs to be at least 105 ft
(32 m) to accommodate a WB-
50 (WB-15) design vehicle;

a larger diameter is typically
needed for design vehicles
larger than a WB-50 (WB-15).

Diameters in the range of
120 to 140 ft (36 to 43 m)
are common starting points
for single-lane roundabouts.

For a two-lane roundabout,

the minimum inscribed circle
diameter is typically 150 ft

(46 m). Diameters in the range
of 160 to 180 ft (49 to 55 m)
are common starting points for
two-lane roundabout design.
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Exhibit 6-9
Typical Inscribed Circle
Diameter Ranges

Roundabout approach
alignments should generally
pass to the left or through the
center of the inscribed circle.

alignment (7). Truck aprons are sometimes needed to keep the inscribed circle
diameter reasonable while accommodating the larger design vehicles.

Mini-roundabouts serve as a special subset of roundabouts and are defined by
their small inscribed circle diameters. With a diameter less than 90 ft, the mini-
roundabout is smaller than the typical single-lane roundabout. The small diameter
is made possible by the use of a fully traversable central island to accommodate
large vehicles, as opposed to the typical single-lane roundabout where the diam-
eter must be large enough to accommodate a heavy vehicle within the circulatory
roadway (and truck apron if applicable) without it needing to travel over the cen-
tral island. The small footprint of a mini-roundabout offers flexibility in working
within constrained sites. However, as described in Section 6.6, it also has limita-
tions to where it may be appropriate due to the reduced ability control speeds
with the traversable central island. Trade-offs of using the smaller diameter mini-
roundabout versus the larger-diameter typical single-lane roundabout should be
considered based upon the unique site conditions.

Exhibit 6-9 provides typical ranges of inscribed circle diameters for various
site locations.

Typical Design Common Inscribed Circle
Roundabout Configuration Vehicle Diameter Range*
Mini-Roundabout SU-30 (SU-9) 45 to 90 ft (14 to 27 m)
Single-Lane Roundabout B-40 (B-12) 90 to 150 ft (27 to 46 m)
WB-50 (WB-15) 105 to 150 ft (32to 46 m)
WB-67 (WB-20) 130 to 180 ft (40 to 55 m)
Multilane Roundabout (2 lanes) WB-50 (WB-15) 150 to 220 ft (46 to 67 m)
WB-67 (WB-20) 165 to 220 ft (50 to 67 m)
Multilane Roundabout (3 lanes) WB-50 (WB-15) 200 to 250 ft (61to 76 m)
WB-67 (WB-20) 220 to 300 ft (67 to 91 m)

* Assumes 90° angles between entries and no more than four legs. List of possible design vehicles
is not all-inclusive.

For initial selection of an inscribed circle diameter using Exhibit 6-9, the inter-
section design vehicle and the context of the location should be taken into consid-
eration. For instance, in a constrained urban location, selection of a diameter at the
low end of the identified range may be needed due to right-of-way constraints but
may not allow for the same degree of deflection and speed control as would a
larger diameter. Conversely, in a higher-speed rural location, a larger-diameter
roundabout may have a larger footprint but may be required to accommodate
large trucks while providing increased visibility and speed control.

6.3.2 ALIGNMENT OF APPROACHES

The alignment of the approach legs plays an important role in the design of a
roundabout. The alignment affects the amount of deflection (speed control) that is
achieved, the ability to accommodate the design vehicle, and the visibility angles
to adjacent legs. The optimal alignment is generally governed by the size and
position of the roundabout relative to its approaches. Various options for
approach alignment are summarized in Exhibit 6-10.
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Exhibit 6-10
Entry Alignment Entry Alignment Alternatives

Question

Should the approach alignment run through the center of the inscribed circle? Or is it
acceptable to offset the approach centerline to one side?

Design Principle

The alignment does not have to pass through the center of the roundabout; however, it has a
primary effect on the entry/exit design. The optimal alignment allows for an entry design that
provides adequate deflection and speed control while also providing appropriate view angles to
drivers and balancing property impacts/costs.

Alternative 1: Offset Alignment to the Left of Center

ADVANTAGES:
« Allows for increased deflection
« Beneficial for accommodating large trucks with small
inscribed circle diameter—allows for larger entry
radius while maintaining deflection and speed control
« May reduce impacts to right-side of roadway

TRADE-OFFS
« Increased exit radius or tangential exit reduces
control of exit speeds and acceleration through
crosswalk area
« May create greater impacts to the left side of the
roadway

Alternative 2: Alignment through Center of Roundabout

ADVANTAGES:

« Reduces amount of alignment changes along the
approach roadway to keep impacts more localized to
intersection

« Allows for some exit curvature to encourage drivers
to maintain slower speeds through the exit

TRADE-OFFS
* Increased exit radius reduces control of exit
speeds/acceleration through crosswalk area
* May require a slightly larger inscribed circle diameter
(compared to offset-left design) to provide the same
level of speed control

Alternative 3: Alignment to Right of Center

ADVANAGES:

« Could be used for large inscribed circle diameter
roundabouts where speed control objectives can still
be met

¢ Although not commonly used, this strategy may be
appropriate in some instances (provided that speed
objectives are met) to minimize impacts, improve
view angles, etc.

TRADE-OFFS
» Often more difficult to achieve speed control
objectives, particularly at small diameter
roundabouts
¢ Increases the amount of exit curvature that must be
negotiated
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A common starting point in design is to center the roundabout so that the
centerline of each leg passes through the center of the inscribed circle (radial
alignment). This location typically allows the geometry of a single-lane round-
about to be adequately designed such that vehicles will maintain slow speeds
through both the entries and the exits. The radial alignment also makes the central
island more conspicuous to approaching drivers and minimizes roadway modifica-
tion required upstream of the intersection.

Another frequently acceptable alternative is to offset the centerline of the
approach to the left (i.e., the centerline passes to the left of the roundabout’s center
point). This alignment will typically increase the deflection achieved at the entry to
improve speed control. However, engineers should recognize the inherent trade-
off of a larger radius (or tangential) exit that may provide less speed control for the
downstream pedestrian crossing. Especially in urban environments, it is important
to have drivers maintain sufficiently low vehicular speeds at the pedestrian cross-
ing to reduce the risk for pedestrians. The fastest-path procedure provided in
Section 6.7.1 identifies a methodology for estimating speeds for large radius (or
tangential) exits where acceleration may govern the attainable speed.

Approach alignments that are offset to the right of the roundabout’s center
point typically do not achieve satisfactory results, primarily due to a lack of deflec-
tion and lack of speed control that result from this alignment. An offset-right align-
ment brings the approach in at a more tangential angle and reduces the opportunity
to provide sufficient entry curvature. Vehicles will usually be able to enter the
roundabout too fast, resulting in more loss-of-control crashes and higher crash rates
between entering and circulating vehicles. However, an offset-right alignment alone
should not be considered a fatal flaw in a design if speed requirements and other
design considerations can be met.

6.3.3 ANGLE BETWEEN APPROACH LEGS

Similar to signalized and stop-controlled intersections, the angle between
approach legs is also an important design consideration. Although it is not nec-
essary for opposing legs to align directly opposite one another (as it is for con-
ventional intersections), it is generally preferable for the approaches to intersect at
perpendicular or near-perpendicular intersection angles. If two approach legs inter-
sect at an angle significantly greater than 90°, it will often result in excessive speeds
for one or more right-turn movements. Alternatively, if two approach legs intersect
at an angle significantly less than 90°, then the difficulty for large trucks to suc-
cessfully navigate the turn is increased. Providing a large corner radius to accom-
modate trucks may result in a wide portion of circulatory roadway resulting in
increased speeds and may also lead to reduced safety performance if the circulatory
roadway width is mistakenly interpreted by drivers to be two lanes. Designing the
approaches at perpendicular or near-perpendicular angles generally results in rela-
tively slow and consistent speeds for all movements. Highly skewed intersection
angles can often require significantly larger inscribed circle diameters to achieve the
speed objectives (8).

Exhibit 6-11 illustrates the fastest paths at a roundabout with perpendicular
approach angles versus a roundabout with obtuse approach angles. As this figure
implies, it is desirable for roundabout T-intersections to intersect as close to 90° as
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Exhibit 6-11
Angle between Approach Legs Angle between Legs

Question

Is it acceptable to have a skewed angle between intersection legs or do the angles always
need to be perpendicular?

Design Principle

The angle between legs may affect the ability to achieve slow fastest-path speeds, may
affect navigation of large vehicles, and can complicate the signing and marking. In general, it
will be easier to achieve the design objectives if the approach legs are nearly perpendicular to
each other. However, perpendicular approaches are not a design requirement. Acceptable
designs can be achieved with skewed angles between approaches with corresponding
adjustments to other design components.

Perpendicular Legs

Perpendicular approach angles will
generally provide slow and consistent speeds
when used in combination with other
appropriately sized design features. Achieving
acceptable fastest-path speeds is often easier to
accomplish with a perpendicular approach angle
than with a skew.

Where the intersecting roadways are
skewed under existing conditions, realignment
of one or more approach legs would be required
to achieve this ideal condition. The ability to
realign a leg may depend on other site
constraints and may not be feasible in all
locations. Realigning to achieve an angle as
close to 90 degrees as practical is generally
desirable.

Slow and consistent
vehicular speeds

Large Angle between Legs

In situations involving a large angle
between legs, it is desirable to realign one or
more legs to try to achieve a more perpendicular
condition. Large angles make it difficult to
provide adequate deflection and may result in
fast vehicle speeds, particularly for the right-turn
movements.

Options to achieve adequate speed control
~ 2\ Vehicular without realignment of the approaches include
paths too fast |yt are not limited to the following:
« Changing the inscribed circle diameter
« Offsetting the approach centerline to the left
of the center of the roundabout
¢ Reducing entry widths and entry radii

possible. Y-shaped intersection alignments have the potential for higher speeds
than desired. Approaches that intersect at angles greater than approximately 105°
can be realigned by introducing curvature in advance of the roundabout to pro-
duce a more perpendicular intersection. Other possible geometric modifications
include changes to the inscribed circle diameter or modifications to the shape of
the central island to manage vehicle speeds. For roundabouts in low-speed urban
environments, the alignment of the approaches may be less critical.
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Splitter islands perform multiple
functions and should be
provided.

The recommended minimum
length for a splitter island is
50 ft to provide adequate
visibility and refuge.

6.4 SINGLE-LANE ROUNDABOUTS

This section presents specific parameters and guidelines for the design of
individual geometric elements at a single-lane roundabout. Many of these same
principles also apply to the design of multilane roundabouts; however, there are
some additional complexities to the design of multilane roundabouts that are
described in detail in Section 6.5. Individual geometric components are not inde-
pendent of each other; the interaction between the components of the geometry is
more important than the individual pieces. Care must be taken to provide com-
patibility between the geometric elements to meet overall safety and capacity
objectives.

Once an initial inscribed diameter, roundabout location, and approach align-
ment are identified, the design can be more fully developed to include establishing
the entry widths, circulatory roadway width, and initial entry and exit geometry.
These additional details are described within this section. Once the initial designs
for the entries and exits on each approach have been laid out, performance checks
should be undertaken to evaluate the design versus the principles (including
fastest path and design vehicle accommodation) to identify any required design
refinements. Based on the performance checks, it may be necessary to perform
design iterations to adjust the inscribed circle diameter, approach alignments,
roundabout location, and/or entry and exit design to improve the composition of
the design.

6.4.1 SPLITTER ISLANDS

Splitter islands (also called separator islands, divisional islands, or median islands)
should be provided on all single-lane roundabouts. Their purpose is to provide
refuge for pedestrians, assist in controlling speeds, guide traffic into the round-
about, physically separate entering and exiting traffic streams, and deter wrong-
way movements. Additionally, splitter islands can be used as a place for mounting
signs (see Chapter 7).

When performing the initial layout of a roundabout’s design, a sufficiently
sized splitter island envelope should be identified prior to designing the entry and
exits of an approach. This will ensure that the design will eventually allow for a
raised island that meets the minimum dimensions (offsets, tapers, length, widths). It
is recommended that control points for the splitter island envelope be identified
prior to proceeding to the design of the entry and exit geometry to ensure that a
properly sized splitter island will be provided.

The total length of the raised island should generally be at least 50 ft (15 m),
although 100 ft (30 m) is desirable, to provide sufficient protection for pedestrians
and to alert approaching drivers to the geometry of the roundabout. On higher
speed roadways, splitter island lengths of 150 ft (45 m) or more are often beneficial.
Additionally, the splitter island should extend beyond the end of the exit curve to
prevent exiting traffic from accidentally crossing into the path of approaching traf-
fic. The splitter island width should be a minimum of 6 feet (1.8 m) at the crosswalk
to adequately provide refuge for pedestrians, including those using wheelchairs,
pushing a stroller, or walking a bicycle.
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20 ft (6 m)

10 ft (3 m)

Detectable
i 100 ft (30 m) desirable
50 ft (15 m) minimum

24 in (600 mm) \- See detail "A"

61t (1.8 m)
min.

Detail "A"

Exhibit 6-12 shows the minimum dimensions for a splitter island at a single-
lane roundabout, including the location of the pedestrian crossing.

While the above diagram provides minimum dimensions for splitter islands,
there are benefits to providing larger islands. An increase in the splitter island
width results in greater separation between the entering and exiting traffic
streams of the same leg and increases the time for approaching drivers to distin-
guish between exiting and circulating vehicles. In this way, larger splitter
islands can help reduce confusion for entering motorists. A study by the
Queensland Department of Main Roads found that maximizing the width of
splitter islands has a significant effect on minimizing entering/circulating vehi-
cle crash rates (3). However, increasing the width of the splitter islands gener-
ally requires increasing the inscribed circle diameter in order to maintain speed
control on the approach. Thus, these safety benefits may be offset by higher
construction cost and greater land impacts.

Standard AASHTO guidelines for island design should be followed for the
splitter island. This includes using larger nose radii at approach corners to maxi-
mize island visibility and offsetting curb lines at the approach ends to create a
funneling effect. The funneling treatment also aids in reducing speeds as vehi-
cles approach the roundabout. Exhibit 6-13 shows typical minimum splitter
island nose radii and offset dimensions from the entry and exit traveled ways.

Alternative splitter island designs have been adopted by some states to
meet local design preferences or climate conditions. For instance, some states
use features such as sloped approach noses, unique curb shapes, and specifica-
tions for sloping the top surface of the island outward. Local design standards
should be followed in locations where more specific guidance has been
adopted.

: An Informational Guide

Exhibit 6-12
Minimum Splitter Island
Dimensions

Use care during the initial
design to provide a sufficiently
large splitter island envelope
that will allow for the final
raised island to meet the
minimum dimensions shown in
Exhibit 6-12 and Exhibit 6-13.

Wide splitter islands enhance
safety, but may require that

the inscribed circle diameter

be increased.
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Exhibit 6-13
Typical Minimum Splitter
Island Nose Radii and Offsets

~_ -

Offset 1.5 ft (0.5 m)
Offset 3 ft (1 m)

R=3f(1m) R=11f(0.3m)

Offset 3 ft (1 m)
downto 1 ft (3 m)

R=1(0.3m) R=11f(0.3m)

Offset 3 ft (1 m)
down to 1 ft (0.3 m)

R = 2t (0.6 m) min.

6.4.2 ENTRY WIDTH

Entry width is measured from the point where the entrance line intersects the
left edge of traveled way to the right edge of the traveled way, along a line per-
pendicular to the right curb line. The width of each entry is dictated by the needs
of the entering traffic stream, principally the design vehicle. However, this needs
to be balanced against other performance objectives including speed management
and pedestrian crossing needs.

Typical entry widths for single-lane entrances range from 14 to 18 ft (4.2 to
5.5 m); these are often flared from upstream approach widths. However, values
higher or lower than this range may be appropriate for site-specific design vehicle
and speed requirements for critical vehicle paths. A 15 ft (4.6 m) entry width is a
common starting value for a single-lane roundabout. Care should be taken with
entry widths greater than 18 ft or for those that exceed the width of the circulatory
roadway, as drivers may mistakenly interpret the wide entry to be two lanes when
there is only one receiving circulatory lane.

6.4.3 CIRCULATORY ROADWAY WIDTH

The required width of the circulatory roadway is determined from the number
of entering lanes and the turning requirements of the design vehicle. Except oppo-
site a right-turn-only lane, the circulating width should be at least as wide as the
maximum entry width and up to 120% of the maximum entry width. For single-
lane roundabouts, the circulatory roadway width usually remains constant
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throughout the roundabout (9). Typical circulatory roadway widths range from 16
to 20 ft for single-lane roundabouts. Care should be taken to avoid making the cir-
culatory roadway width too wide within a single-lane roundabout because drivers
may think that two vehicles are allowed to circulate side-by-side.

At single-lane roundabouts, the circulatory roadway width should be com-
fortable for passenger car vehicles and should be wide enough to accommodate a
design vehicle up to a bus at a small roundabout. There may be some operational
benefit to accommodating a WB-50 (WB-15) within the circulatory roadway at a
single-lane urban arterial roundabout to allow somewhat faster circulating speeds.
A truck apron will often need to be provided within the central island to accommo-
date larger design vehicles (including the common WB-62 (WB-19), WB-65 (WB-20),
or WB-67 (WB-20) design vehicles) but maintain a relatively narrow circulatory
roadway to adequately constrain vehicle speeds. Additional discussion of truck
aprons is provided in Section 6.4.7.1. Appropriate templates or a CAD-based
computer program should be used to determine the swept path of the design
vehicle through each of the turning movements. Usually, the left-turn movement
is the critical path for determining circulatory roadway width. In accordance
with AASHTO policy, a minimum clearance of 1 ft (0.3 m) and preferably 2 ft
(0.6 m) should be provided between the outside edge of the vehicle’s tire track and
the curb line.

6.4.4 CENTRAL ISLAND

The central island of a roundabout is the raised, mainly non-traversable area
surrounded by the circulatory roadway. It may also include a traversable truck
apron. The island is typically landscaped for aesthetic reasons and to enhance driver
recognition of the roundabout upon approach. Raised central islands for single-lane
roundabouts are preferred over depressed central islands, as depressed central
islands are difficult for approaching drivers to recognize and drainage can be
an issue.

A circular central island is preferred because the constant-radius circulatory
roadway helps promote constant speeds around the central island. Oval or irregular
shapes, on the other hand, can promote higher speeds on the flatter arc sections
and reduced speeds on the tighter arc sections, depending on the lengths of those
sections. However, oval shapes may be necessary at irregularly shaped intersections
or intersections with more than four legs. Oval shapes are generally not such a prob-
lem if they are relatively small and speeds are low. Raindrop-shaped islands may
be used in areas where certain movements do not exist, such as interchanges (see
Section 6.10), or at locations where certain turning movements cannot be safely
accommodated, such as roundabouts with one approach on a relatively steep grade.

The size of the central island plays a key role in determining the amount of
deflection imposed on the through vehicle’s path. However, its diameter is depen-
dent upon the inscribed circle diameter and the required circulatory roadway width
(see Sections 6.3.1 and 6.4.3, respectively). Roundabouts in rural environments
typically need larger central islands than urban roundabouts to enhance their visi-
bility, accommodate larger design vehicles, enable better approach geometry to
be designed in the transition from higher speeds, and be more forgiving to errant
vehicles (3).

Circular central islands are
preferable to oval or irregular
shapes, but noncircular shapes
are sometimes necessary.

Raindrop-shaped central islands
may be used where certain
movements do not exist,

such as at interchanges.
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Exhibit 6-14
Single-Lane Roundabout
Entry Design

Landscaping and other treatments within the central island are discussed in
Chapter 8.

6.4.5 ENTRY DESIGN

As shown in Exhibit 6-14, the entry is bounded by a curb or edge of pave-
ment consisting of one or more curves leading into the circulatory roadway. It
should not be confused with the entry path curve, defined by the fastest vehicular
travel path through the entry geometry (measured by R; in 6). At single-lane
roundabouts, a single entry curb radius is typically adequate; for approaches on
higher speed roadways, the use of compound curves may improve guidance by
lengthening the entry arc.

Continuation of
inside entry curve
tangential to
central island

Entry width Outside entry radius
tangential to outside edge

of circulatory roadway

The entry curb radius is an important factor in determining the operation of a
roundabout because it affects both capacity and safety. The entry curb radius, in
conjunction with the entry width, the circulatory roadway width, and the central
island geometry, controls the amount of deflection imposed on a vehicle’s entry
path. Excessively large entry curb radii have a higher potential to produce faster
entry speeds than desired. Care should also be taken to avoid entry curb radii that
are too abrupt since these may lead to single-vehicle crashes. Guidance from the
United Kingdom indicates that small entry curb radii, below 50 ft (15 m), may
reduce the capacity of the entry; however, entry curb radii that are 65 ft (20 m) or
greater have little effect on the roundabout capacity (9, 10). Anecdotally, larger
entry curb radii may allow for higher speeds and therefore could increase the entry
capacity under low conflicting flow rates.

As with the other components of a roundabout design, a wide range of entry
curb radii may be appropriate depending upon the other components of the
design. The primary goal in selecting the entry curb radius is to achieve the speed
objectives, as described in Section 6.2. The entry curb radius should produce an
appropriate design speed on the fastest vehicular path. At single-lane roundabouts,
it is relatively simple to achieve the entry speed objectives. With a single traffic
stream entering and circulating, there is no conflict between traffic in adjacent lanes.
Thus, the entry curb radius can be reduced or increased as necessary to produce the
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desired entry path radius. Provided sufficient clearance is given for the design vehi-
cle, approaching vehicles will adjust their path accordingly and negotiate through
the entry geometry into the circulatory roadway. The outside curb line of the entry
is commonly designed curvilinearly tangential to the outside edge of the circulatory
roadway. Likewise, the projection of the inside (left) edge of the entry roadway is
commonly curvilinearly tangential to the central island. Exhibit 6-14 shows a typical
single-lane roundabout entrance design.

Entry radii at urban single-lane roundabouts typically range from 50 to 100 ft
(15 to 30 m). A common starting point is an entry radius in the range of 60 to 90 ft;
however, a larger or smaller radius may be needed to accommodate large vehicles
or serve small diameter roundabouts, respectively. Larger radii may be used, but it
is important that the radii not be so large as to result in excessive entry speeds.

The entry geometry should provide adequate horizontal curvature to channel-
ize drivers into the circulatory roadway to the right of the central island. It is also
often desirable for the splitter island to have enough curvature to block a direct path
to the central island for approaching vehicles. This helps to avoid vehicles errantly
hitting the central island and also further discourages drivers from making a
wrong-way left-turn maneuver. Exhibit 6-16 illustrates an alternative method for
increasing the amount of entry deflection.

Another important principle in the design of an entry is sight distance and
visibility, as discussed in Section 6.2.6. The angle of visibility to the left must be
adequate for entering drivers to comfortably view oncoming traffic from the
immediate upstream entry or from the circulatory roadway. Additional details on
measuring angles of visibility are provided in Section 6.7.4. A useful surrogate used
by some practitioners for capturing the effects of entry speed, path alignment, and
visibility to the left is entry angle (phi). Typical entry angles are between 20° and
40°. Additional detail on entry angle can be found in the Wisconsin Department
of Transportation Roundabout Guide (7) and design guidance from the United
Kingdom (9-10). In general, entry angles that are too severe produce poor angles of
visibility to the left, requiring drivers to strain to look over their shoulders, and may
encourage merging behavior similar to freeway on-ramps. Meanwhile entry angles
that are too shallow may not provide enough positive alignment to discourage
wrong-way movements.

At rural and suburban locations, consideration should be given to the speed
differential between the approaches and entries. If the difference is greater than
12 mph (20 km/h), it may be desirable to introduce geometric or cross-sectional
features to reduce the speed of approaching traffic prior to the entry curvature.
Further details on roundabout design in high-speed environments are provided
in Section 6.8.

6.4.6 EXIT DESIGN

The exit curb radii are usually larger than the entry curb radii in order to
minimize the likelihood of congestion and crashes at the exits. This, however, is
balanced by the need to maintain slow speeds through the pedestrian crossing on
exit. The exit design is also influenced by the design environment (urban versus
rural), pedestrian demand, the design vehicle, and physical constraints.

Chapter 6/Geometric Design Page 6-27



Roundabouts: An Informational Guide

Exhibit 6-15
Single-Lane Roundabout
Curvilinear Exit Design

Exhibit 6-16
Single-Lane Roundabout
Large Radius Exit Design

The exit curb is commonly designed to be curvilinearly tangential to the out-
side edge of the circulatory roadway. Likewise, the projection of the inside (left)
edge of the exit roadway is commonly curvilinearly tangential to the central
island. Generally, exit curb radii should be no less than 50 ft (15 m), with values of
100 to 200 ft (30 to 60 m) being more common. Exhibit 6-15 shows a typical exit
layout for a single-lane roundabout.

Continuation of
inside exit curve

tangential to
central island

Exit width based on
design vehicle requirements

Outside exit radius
tangential to outside edge
of circulatory roadway

For designs using an offset-left approach alignment, the exit design may require
much larger radii, ranging from 300 to 800 ft (91 to 244 m) or greater (11). Larger exit
radii may also be desirable in areas with high truck volumes to provide ease of navi-
gation for trucks and reduce the potential for trailers to track over the outside curb
(see Exhibit 6-19). These radii may provide acceptable speed through the pedes-
trian crossing area given that the acceleration characteristics of the vehicles will
result in a practical limit to the speeds that can be achieved on the exit. However,
the fastest-path methodology presented in Section 6.7 can be used to verify the exit
speed. A large-radius or tangential type exit design is illustrated in Exhibit 6-16.

Continuation of
inside exit curve

tangential to
central island

Exit width based on
design vehicle requirements

Large radius or
tangent exit curve
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At single-lane roundabouts in urban environments, exits should be designed to
enforce slow exit path speeds to maximize safety for pedestrians crossing the exiting
traffic stream. Pedestrian activity should be considered at all exits except where sep-
arate pedestrian facilities (grade separated paths, etc.) or other restrictions eliminate
the likelihood of pedestrian activity in the foreseeable future.

Similar to entry design, exit design flexibility is required to achieve the optimal
balance between competing design variables and project objectives to provide ade-
quate capacity and essential safety (for all modes) while minimizing excessive prop-
erty impacts and costs. The selection of a curved versus tangential design will be
based upon the balancing of each of these criteria.

6.4.7 DESIGN VEHICLE CONSIDERATIONS

Within a single-lane roundabout, the design vehicle is typically the controlling
factor for most dimensions, including the inscribed circle diameter, entry width,
entry radius, and circulatory roadway width. Exhibit 6-17 and Exhibit 6-18 demon-
strate the use of a CAD-based computer program to determine the vehicle’s swept
path through the critical turning movements.

Exhibit 6-17

Through Movement Swept
Path of WB-50 (WB-15)
Vehicle

Exhibit 6-18

Turning Movement Swept
Paths of WB-50 (WB-15)
Vehicle
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Exhibit 6-19

Vehicle Over-Tracking
from Inadequate Entry
and Exit Design

Larger-diameter roundabouts may be required to accommodate large vehicles
while maintaining low speeds for passenger vehicles. However, in some cases, land
constraints may limit the ability to accommodate large semi-trailer combinations
while achieving adequate deflection for small vehicles. In such situations, a truck
apron may be used to provide additional traversable area around the central island
for large semi-trailers. Where provided, truck aprons should be designed with a
curbed edge high enough to discourage passenger vehicles from traversing over the
top of the apron. Additional discussion is provided in Section 6.8.7.

Passenger buses should be accommodated within the circulatory roadway
without tracking over the truck apron, which could jostle bus occupants.

The location of the roundabout may dictate the use of specific design vehicles.
Recreational routes are often frequented by motor homes and other recreational
vehicles. Agricultural areas are frequented by tractors, combines, and other farm
machinery. Manufacturing areas may see oversize trucks. Each of these special
design vehicles should be incorporated very early into the design process since they
can affect the fundamental design decisions of size, position, and alignment of
approaches.

It may occasionally be appropriate to choose a smaller design vehicle for turn-
ing movements but a larger design vehicle for through movements. For example,
in dense urban areas where right-of-way is at a premium, it may be reasonable to
design so that single unit trucks and buses can easily make left turns, right turns,
and through movements, but WB-50 vehicles and larger can only travel straight
through the roundabout. For example, this design technique could be acceptable
where large trucks travel along the major roadway but are prohibited from travel-
ing along the cross street. This technique should be used with caution due to the
fact that if applied inappropriately, it could result in trucks off-tracking into
pedestrian areas, landscape areas, signs, or street furniture (see Exhibit 6-19).

Oversized vehicles are vehicles that typically require special permits due to
their extreme weight and size. Engineers should inquire whether the route may
potentially carry oversized vehicles and have to incorporate the needs of those
vehicles in the design. Roundabouts should generally not be designed to provide
normal circulation using an oversized truck as the design vehicle since this will
result in excessive dimensions and higher speeds for the majority of users. Where
oversized vehicles can be reasonably anticipated, the truck apron and central
island design may need to be modified to accommodate the larger vehicles.

(a) Entry over-tracking (b) Exit over-tracking
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For locations with a high volume of truck traffic, special consideration may be
given to the size of the roundabout to require use of the truck apron by only the
largest of vehicles. For the example illustrated in Exhibit 6-20, the high volume of
truck traffic traversing through the intersection dictated the use of a larger inscribed
circle diameter. This larger diameter provides a greater ease of movement for large
vehicles and minimizes the widths for the entries, exits, and circulatory roadway.
While the design dimensions chosen for this roundabout were appropriate for the
environmental context and design vehicle, the diameter of the roundabout should
generally be kept to a minimum.

Florence, Kansas

6.4.7.1 Truck Aprons

A traversable truck apron is typical for most roundabouts to accommodate
large vehicles while minimizing other roundabout dimensions. A truck apron pro-
vides additional paved area to allow the over-tracking of large semi-trailer vehicles
on the central island without compromising the deflection for smaller vehicles. The
width of the truck apron is defined based upon the swept path of the design vehi-
cle. As described under Section 6.4.3, the circulatory roadway should typically be
designed to accommodate a bus design vehicle. Therefore, any larger design vehicle
would be expected to use the truck apron for accommodating the vehicle tracking.

Truck aprons should be designed such that they are traversable to trucks but
discourage passenger vehicles from using them. Truck apron width is dictated by
the tracking of the design vehicle using templates or CAD-based vehicle-turning-
path simulation software. They should generally be 3 to 15 ft (1 to 4.6 m) wide and
have a cross slope of 1% to 2% away from the central island. To discourage use by
passenger vehicles, the outer edge of the apron should be raised approximately 2
to 3in. (50 to 75 mm) above the circulatory roadway surface. The apron should
be constructed of a different material than the pavement to differentiate it from
the circulatory roadway. Care must be taken to ensure that delivery trucks will not
experience load shifting as their rear trailer wheels track across the apron.

As illustrated in Exhibit 6-21, a wider truck apron is often required to accom-
modate a left-turning vehicle at a roundabout with a smaller inscribed circle
diameter. This limits the amount of landscaping that can be provided, which may
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Exhibit 6-20
Roundabout with High
Volume of Heavy Vehicles
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Exhibit 6-21

Comparison of Swept Paths
for a WB-67 Design Vehicle
at Various Diameters

(a) Inscribed circle diameter of 125 ft (38 m)

’ i

Z

140" DIAMETER ROUNDABOUT
WB-&1 TURNING PATH

(b) Inscribed circle diameter of 140 ft (43 m)

in turn limit the visibility of the central island on the approach. Additionally,
wider entries and larger entry radii are typically required for a small diameter
roundabout to accommodate the design vehicle.

At single-lane roundabouts, the right-turn movement is often the controlling
movement for the intersection. This is especially true for locations for skewed
approach alignments (less than 90° angle between adjacent approach centerlines).
To adequately accommodate the design vehicle, the corner radius (commonly a fillet
between entry curve and adjacent exit curve) is frequently increased. This may result
in a wide portion of circulatory roadway between the subject entrance and adjacent
exit. This wide area is often striped out or an outside truck apron is provided. Both
of these options are generally undesirable, although they may be considered under
constrained situations. Alternative improvements to consider prior to implementing
an outside truck apron include realigning the approaches to be more perpendicular,
providing an offset-left alignment on the entry to improve the radius for truck turn-
ing, increasing the inscribed circle diameter, or providing a right-turn bypass.

Aesthetic features can be added to the truck apron that enhance the landscaping
of the central island. The material used for the truck apron should be different than
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the material used for the sidewalks so that pedestrians are not encouraged to cross
the circulatory roadway. In addition, the truck apron features should be designed to
encourage heavy vehicles to use this portion of the central island when necessary. If
the colored or textured pavement appears to be for aesthetics only, truck drivers
may be discouraged to traverse the apron (12). Exhibit 6-22 illustrates an example

of applying aesthetic pavement treatments to the truck apron. Some agencies have
used waffle block material as part of the truck apron, as shown in Exhibit 6-23. This
provides additional truck apron width for the occasional large vehicle without
adding additional impervious area.

(a) Arcata, California (b) Santa Barbara, California

Killingworth, Connecticut

6.5 MULTILANE ROUNDABOUTS

The principles and design process described previously apply to multilane
roundabouts but in a more complex way. Because multiple traffic streams may
enter, circulate through, and exit the roundabout side-by-side, the engineer also
should consider how these traffic streams interact with each other. The geometry of
the roundabout should provide adequate alignment and establish appropriate lane
configurations for vehicles in adjacent entry lanes to be able to negotiate the round-
about geometry without competing for the same space. Otherwise, operational
and/or safety deficiencies may occur.

Multilane roundabout design tends to be less forgiving than single-lane
roundabout design. Multilane design can have a direct impact on vehicle align-
ment and lane choice, which can affect both the safety performance and capacity.
Capacity, safety, property impacts, and costs are interrelated, and a balance of these
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Exhibit 6-22
Example of Aesthetic Truck
Apron Treatments

Exhibit 6-23
Example of Waffle Blocks
Used within a Truck Apron
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components becomes more difficult with multilane roundabout design. Due to
this balancing of design elements that is required to meet the design principles,
the use or creation of boilerplate or standard designs is discouraged.

The design of pavement markings and signs at a multilane roundabout is also
critical to achieving predicted capacities and optimal overall operations. Geometry,
pavement markings, and signs must be designed together to create a comprehen-
sive system to guide and regulate road users who are traversing roundabouts. The
marking plan should be integral to the preliminary design phase of a project.
Chapter 7 provides additional detail on the design of pavement markings and
signs for multilane roundabouts.

In addition to the fundamental principles outlined in Section 6.2, other key
considerations for all multilane roundabouts include:

e Lane arrangements to allow drivers to select the appropriate lane on entry
and navigate through the roundabout without changing lanes,

e Alignment of vehicles at the entrance line into the correct lane within the
circulatory roadway,

e Accommodation of side-by-side vehicles through the roundabout (i.e., a
truck or bus traveling adjacent to a passenger car),

e Alignment of the legs to prevent exiting—circulating conflicts, and
e Accommodation for all travel modes.

The reader should also refer to Section 6.4 on single-lane roundabouts as some
design elements [such as central islands (Section 6.4.4)] are not described again in
this multilane roundabouts section because the information is not substantially
different for multilane design. Section 6.8 also provides additional information
pertaining to design of pedestrian and bicycle facilities.

6.5.1 LANE NUMBERS AND ARRANGEMENTS

Multilane roundabouts have at least one approach with at least two lanes on
the entries or exits. The number of lanes can vary from approach to approach as
long as they are appropriately assigned by lane designation signs and mark-
ings. Likewise, the number of lanes within the circulatory roadway may vary
depending upon the number of entering and exiting lanes. The important prin-
ciple is that the design requires continuity between the entering, circulating,
and exiting lanes such that lane changes are not needed to navigate the round-
about. The driver should be able to select the appropriate lane upstream of the
entry and stay within that lane through the roundabout to the intended exit
without any lane changes. This principle is consistent with the design of all
types of intersections.

The number of lanes provided at the roundabout should be the minimum
needed for the existing and anticipated demand as determined by the operational
analysis. The engineer is discouraged from providing additional lanes that are
not needed for capacity purposes as these additional lanes can reduce the safety
effectiveness at the intersection. If additional lanes are needed for future condi-
tions, a phased design approach should be considered that would allow for
future expansion.
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On multilane roundabouts, it is also desirable to achieve balanced lane utiliza-
tion in order to be able to achieve predicted capacity. There are a number of design
variables that can produce lane imbalance, such as poorly designed entry or exit
alignments or turning movement patterns. There is also a need to recognize possible
downstream system variables, such as a major trip generator, interchange ramp, or
bottleneck at a downstream intersection. All of these variables may influence lane
choice at a roundabout.

6.5.2 ENTRY WIDTH

The required entry width for any given design is dependent upon the number
of lanes and design vehicle. A typical entry width for a two-lane entry ranges from
24 to 30 ft (7.3 to 9.1 m) for a two-lane entry and from 36 to 45 ft (11.0 to 13.7 m) for a
three-lane entry. Typical widths for individual lanes at entry range from 12 to 15 ft
(3.7 to 4.6 m). The entry width should be primarily determined based upon the
number of lanes identified in the operational analysis combined with the turning
requirements for the design vehicle. Excessive entry width may not produce capac-
ity benefits if the entry width cannot be fully used by traffic.

For locations where additional entry capacity is required, there are generally
two options:

1. Adding a full lane upstream of the roundabout and maintaining parallel
lanes through the entry geometry; or

2. Widening the approach gradually (flaring) through the entry geometry.
Exhibit 6-24 and Exhibit 6-25 illustrate these two widening options.

Approach flaring may provide an effective means of increasing capacity
without requiring as much right-of-way as a full lane addition. In addition, U.K.
research suggests that length of flare affects capacity without a direct effect on
safety. Although this research has not been replicated in the United States, the
UK. findings suggest that the crash frequency for two approaches with the same
entry width will be identical whether they have parallel entry lanes or flared entry
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Exhibit 6-24
Approach Widening by Adding
a Full Lane
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Exhibit 6-25
Approach Widening
by Entry Flaring

Point perpendicular
to junction of inner
entry curve and
circulatory roadway

Start of flare /

designs. Entry widths should therefore be minimized and flare lengths maximized
to achieve the desired capacity with minimal effect on crashes.

6.5.3 CIRCULATORY ROADWAY WIDTHS

The circulatory roadway width is usually governed by the design criteria
relating to the types of vehicles that may need to be accommodated adjacent to
one another through a multilane roundabout. The provision of pavement mark-
ings within the circulatory roadway (discussed in Chapter 7) may require extra
space and the use of a truck apron to support lane discipline for trucks and cars
circulating. The combination of vehicle types to be accommodated side-by-side is
dependent upon the specific site traffic conditions, and requirements for side-by-
side design vehicles may vary by individual state or local jurisdiction. Further
research on this topic is underway at the time of this publication, and the reader
is advised to look to the latest guidance for the conditions being explored.

If the entering traffic is predominantly passenger cars and single-unit trucks
(AASHTO P and SU design vehicles, respectively), where semi-trailer traffic is infre-
quent, it may be appropriate to design the width for two passenger vehicles or a
passenger car and a single-unit truck side-by-side. If semi-trailer traffic is relatively
frequent (greater than 10%), it may be necessary to provide sufficient width for the
simultaneous passage of a semi-trailer in combination with a P or SU vehicle.

Multilane circulatory roadway lane widths typically range from 14 to 16 ft
(4.3 to 4.9 m). Use of these values results in a total circulating width of 28 to 32 ft
(8.5 t0 9.8 m) for a two-lane circulatory roadway and 42 to 48 ft (12.8 to 14.6 m)
total width for a three-lane circulatory roadway.

At multilane roundabouts, the circulatory roadway width may also be variable
depending upon the number of lanes and the design vehicle turning requirements.
A constant width is not required throughout the entire circulatory roadway, and it
is desirable to provide only the minimum width necessary to serve the required
lane configurations within that specific portion of the roundabout. A common com-
bination is two entering and exiting lanes along the major roadway, but only single
entering and exiting lanes on the minor street. This combination is illustrated in
Exhibit 6-26. In this example, the portion of circulatory roadway that serves the
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Exhibit 6-26
Multilane Major Street with
Single Lane on Minor Street

minor street has been reduced to a single lane to provide consistency in the lane
configurations. For the portions of a multilane roundabout where the circulatory
roadway is reduced to a single lane, the guidance for circulatory roadway width
contained in Section 6.4.3 should be used.

In some instances, the circulatory roadway width may actually need to be
wider than the corresponding entrance that is feeding that portion of the round-
about. For example, in situations where two consecutive entries require exclusive
left turns, a portion of the circulatory roadway will need to contain an extra lane
and spiral markings to enable all vehicles to reach their intended exits without
being trapped or changing lanes. This situation is illustrated in Exhibit 6-27,

Exhibit 6-27
Two-Lane Roundabout with
Consecutive Double-Lefts
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Increasing vehicle path
curvature decreases relative
speeds between entering and
circulating vehicles but also
increases side friction between
adjacent traffic streams

in multilane roundabouts.

Exhibit 6-28
Entry Vehicle Path Overlap

where a portion of the circulatory roadway is required to have three lanes despite
the fact that all of the entries have only two lanes.

6.5.4 ENTRY GEOMETRY AND APPROACH ALIGNMENT

At multilane roundabouts, the design of the entry curvature should balance
the competing objectives of speed control, adequate alignment of the natural paths,
and the need for appropriate visibility lines. This often requires several iterations
of design to identify the appropriate roundabout size, location, and approach
alignments.

Individual geometric parameters also play a role in the balanced entry design.
For example, entry radii are one key parameter that is often used to control vehicle
speeds. The use of small entry radii may produce low entry speeds but often leads
to path overlap on the entry since vehicles will cut across lanes to avoid running
into the central island. Small entry radii may also result in an increase in single-
vehicle crashes onto the central island.

Entry radii for multilane roundabouts should typically exceed 65 ft (20 m) to
encourage adequate natural paths and avoid sideswipe collisions on entry. Engi-
neers should avoid the use of overly tight geometrics in order to achieve the
fastest-path objectives. Overly small [less than 45 ft (13.7 m)] entry radii can result
in conflicts between adjacent traffic streams, which may result in poor lane use
and reduced capacity. Similarly, the R, fastest-path radius should also not be
excessively small. If R; is too small, vehicle path overlap may result, reducing the
operational efficiency and increasing potential for crashes. Values for R; in the
range of 175 to 275 ft (53 to 84 m) are generally preferable. This results in a design
speed of 25 to 30 mph (40 to 50 km/h).

Vehicle path overlap is a type of conflict that occurs when the natural path of
the adjacent lanes cross one another. It occurs most commonly at entries, where
the geometry of the right (outside) lane tends to lead vehicles into the left (inside)
circulatory lane. However, vehicle path overlap can also occur at exits where the
geometry tends to lead vehicles from the left-hand lane into the right-hand exit
lane. Exhibit 6-28 illustrates an example of entry vehicle path overlap.

Speed and trajectory of
vehicle at yield point
determines natural path
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The engineer should balance the need to control entry speed with the need to
provide good path alignment at multilane entries. The desired result of the entry
design is for vehicles to naturally be aligned into their correct lane within the cir-
culatory roadway, as illustrated in Exhibit 6-29. This can be done a variety of ways
that can vary significantly depending on site-specific conditions. Therefore, it may
not be possible to specify a single method for designing multilane roundabouts
since this can preclude the needed flexibility in design. Regardless of the specific
design technique employed, the engineer should maintain the overall design prin-
ciples of speed management presented in Section 6.2.

A—I\

Desirable vehicle
path alignment

One possible technique to promote good path alignment is shown in Exhibit 6-30
using a compound curve or tangent along the outside curb. The design consists of
an initial small-radius entry curve set back from the edge of the circulatory road-
way. A short section of a large-radius curve or tangent is provided between the
entry curve and the circulatory roadway to align vehicles into the proper circulatory
lane at the entrance line. Care should be taken in determining the optimal location

Range of alignments may
be appropriate

Projection of approach
alignment offset to left
of roundabout center

Median widened toward
exit lanes to maximize
entry deflection

Large-radius departure curve

riginal centerlin
/—Og al centerline

Original
centerline

Small-radius entry curve
(R=65t0 120 ft
[20 to 35 m] typical)

Large-radius
approach curve Large radius
(R>150 ft [45 m])
or tangent at yield point
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Exhibit 6-29
Desirable Vehicle Path
Alignment

Exhibit 6-30

Example Minor Approach
Offset to Increase Entry
Deflection
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of the entry curve from the entrance line. If it is located too close to the circulatory
roadway, the tangent (or large radius portion of the compound curve) will be too
short, and the design may still have path alignment issues. However, if the entry
curve is located too far away from the circulatory roadway, it can result in
inadequate deflection (i.e., entry speeds too fast).

For the method illustrated in Exhibit 6-30, entry curve radii commonly range
from approximately 65 to 120 ft (20 to 35 m) and are set back at least 20 ft (6 m) from
the edge of the circulatory roadway. A tangent or large-radius [greater than 150 ft
(45 m)] curve is then fitted between the entry curve and the outside edge of the cir-
culatory roadway.

An alternative method for designing the entry curves to a multilane round-
about is to use a single-radius entry curve rather than a small curve and tangent.
This is similar in some regards to a single-lane design; however, larger radii are typ-
ically required to provide adequate vehicle alignment. Care must be taken when
using a single entry curve to meet both the speed control and vehicle natural path
alignment objectives. If the circulatory roadway is sufficiently wide relative to the
entry, entry curves can be designed tangential to a design circle offset 5 ft (1.5 m)
from the central island rather than to the central island. This improves the curvature
and deflection that is achieved on the inside (splitter island) edge of the entry.
Regardless of the method used, it is desirable for the inside (splitter island) curb to
block the through path of the left lane to promote adequate deflection.

Another key factor in multilane roundabout design is to recognize that achiev-
ing adequate deflection on entry and meeting the principles is independent of the
centerline of the approaching roadways. As discussed in Section 6.3, the centerlines
of approach roadways do not need to pass through the center of the inscribed circle.
It is acceptable design practice for multilane roundabouts to have an offset-left
alignment, and in many cases this may provide a useful tool for achieving addi-
tional deflection and speed control.

Exhibit 6-31 illustrates an example of a design technique to enhance the
entry deflection by shifting the approach alignment further toward the left of
the roundabout center. This technique of offsetting the approach alignment left
of the roundabout center is effective at increasing entry deflection. However, it also
reduces the deflection of the exit on the same leg, where it is desirable to keep
speeds relatively low within the pedestrian crosswalk location. Therefore, the dis-
tance of the approach offset from the roundabout center should be balanced with
the other design objectives to maximize safety for pedestrians. Exhibit 6-32 illustrates
an example of this technique being applied for a partial three-lane roundabout.

Other important components of the design of an entry are sight distance and
visibility, as discussed in Section 6.2.6. The angle of visibility to the left must be ade-
quate for entering drivers to comfortably view oncoming traffic from the immediate
upstream entry or from the circulatory roadway. This requires that the vehicles be
staggered at the entrance line such that vehicles nearest to the outside curb can see
in front of the vehicle in the adjacent lane to the left of them. The design of the entry
must balance the design objective of providing speed control with providing appro-
priate angles of visibility for drivers. Additional details on measuring angles of visi-
bility are provided in Section 6.7 4.
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Exhibit 6-31

Example of Major Approach
Offset to Increase Entry
Deflection

Source: Wisconsin Department of Transportation (7)

Exhibit 6-32

Example of a Partial Three
Lane Roundabout with an
Offset Approach Alignment

As discussed previously for single-lane roundabouts, a useful surrogate for
capturing the effects of entry speed, path alignment, and visibility to the left is
entry angle (phi). Typical entry angles are between 20° and 40°. Additional detail
on entry angle can be found in the Wisconsin Department of Transportation
Roundabout Guide (7) and design guidance from the United Kingdom (9, 10).

6.5.5 SPLITTER ISLANDS

For multilane roundabouts, the entry geometry is typically established first to
identify a design that adequately controls fastest-path entry speeds, avoids entry
path overlap, and accommodates the design vehicle. The splitter island is then
developed in conjunction with the exit design to provide an adequate median
width for the pedestrian refuge and for sign placement. Adequate median width
should be provided to accommodate necessary equipment and pedestrian design
elements where signalized pedestrian crossings are used. Additional details
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Exhibit 6-33
Exit-Circulating Conflict
Caused by Large Separation
between Legs

regarding the minimum dimensions and design details for splitter islands are pro-
vided under the discussion of single-lane roundabouts in Section 6.4.1. Additional
discussion of pedestrian crosswalk design is provided in Section 6.8.1 and consid-
erations for signalized pedestrian crossing are discussed in Chapter 7.

6.5.6 EXIT CURVES

As with the entries, the design of the exit curvature at multilane roundabouts
is more complex than at single-lane roundabouts. Conflicts can occur between
exiting and circulating vehicles if appropriate lane assighments are not provided.
Inadequate horizontal design of the exits can also result in exit vehicle path over-
lap, similar to that occurring at entries. The radii of exit curves are commonly
larger than those used at the entry as a consequence of other factors (entry align-
ment, diameter, etc.); larger exit curve radii are also typically used to promote
good vehicle path alignment. However, the design should be balanced to main-
tain low speeds at the pedestrian crossing at the exit.

To promote good path alignment at the exit, the exit radius at a multilane
roundabout should not be too small. At single-lane roundabouts, it is acceptable
to use a minimal exit radius in order to control exit speeds and maximize pedes-
trian safety. However, if the exit radius on a multilane exit is too small, traffic on
the inside of the circulatory roadway will tend to exit into the outside exit lane on
a more comfortable turning radius.

Problems can also occur when the design allows for too much separation
between entries and subsequent exits. Large separations between legs causes
entering vehicles to join next to circulating traffic that may be intending to exit at
the next leg, rather than crossing the path of the exiting vehicles. This can create
conflicts at the exit point between exiting and circulating vehicles, as shown in
Exhibit 6-33.

Note: Separation between
entry and exit results in
circulating-exiting path conflict.

Paths merge rather
than cross

Source: California Department of Transportation (1)
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Exhibit 6-34 illustrates a possible low-cost fix that involves modifications to
the lane arrangements using a combination of striping and physical modifications.
This may be acceptable if the traffic volumes are compatible. A better solution is
illustrated in Exhibit 6-35, which involves realignment of the approach legs to
have the paths of entering vehicles cross the paths of the circulating traffic (rather
than merging) to eliminate the conflict.

Exhibit 6-34

Possible Lane Configuration
Modifications to Resolve
Exit-Circulating Conflicts

Outside lane must exit

Right turn
only lane

Exhibit 6-35
Paths cross rather Realignment to Resolve
than merge Exit-Circulating Conflicts

Realigned
approach

Source: California Department of Transportation (1)
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Exhibit 6-36
Side-by-Side Navigation for a
Bus and Passenger Car

6.5.7 DESIGN VEHICLE CONSIDERATIONS

Design vehicle considerations should be made for both tracking on the entry/
exit and within the circulatory roadway (as previously discussed in Section 6.5.3).
The percentage of trucks and lane utilization is an important consideration when
determining whether the design will allow trucks to use two lanes or accommo-
date them to stay within their own lane. The frequency of a particular design vehi-
cle is also an important consideration. For instance, a particular roundabout may
have infrequent use by WB-67-size tractor-trailers and is thus designed to allow the
WB-67 to claim both lanes to navigate through. However, the same location could
have frequent bus service that would dictate the need to accommodate buses
within their own lane to travel adjacent to a passenger car (see Exhibit 6-36). There-
fore, a particular roundabout may have multiple design vehicles depending upon
the unique site characteristics.

Where the design dictates the need to accommodate large design vehicles
within their own lane, there are a number of design considerations that come into
play. A larger inscribed circle diameter and entry/exit radii may be required to
maintain speed control and accommodate the design vehicle. A technique that has
been used in the United States on the entry is to provide gore striping—a striped
vane island between the entry lanes—to help center the vehicles within the lane and
allow a cushion for off-tracking by the design vehicle. This technique is illustrated
in Exhibit 6-37. The actual dimensions used may vary depending on the individual
design; however, one state (11) identified the use of two 12 ft (3.6 m) lanes and a 6 ft
(1.8 m) wide gore area for an entrance with a total width of 30 ft (9 m).

Another technique for accommodating the design vehicle within the circulatory
roadway is to use a wider lane width for the outside lane and a narrower lane width
for the inside lane. For example, for a 32 ft (9.8 m) circulatory roadway width, an
inside width of 15 ft (4.6 m) and an outside width of 17 ft (5.2 m) could be used. This
would provide an extra two feet of circulating width for trucks in the outside lane.
Large trucks in the inside lane would use the truck apron to accommodate any off
tracking. Eliminating all overlap for the outside lane may not always be desirable or
feasible, as this may dictate a much larger inscribed circle diameter than desired for
overall safety performance for all vehicle types and the context.
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Exhibit 6-37
WB-67 (WB-20) Truck Path
with Gore Striping at Entry

Gore striping is one
option for accommodating
large design vehicles

WB-67 (WB-20)
vehicle path

Source: New York State Department of Transportation (11)

6.5.8 OTHER DESIGN PRACTICES

Throughout the world there continues to be advancement in the design prac-
tices for multilane roundabouts. One practice initiated in the Netherlands and
being tested elsewhere is the turbo-roundabout (13). This style of multilane design
has two key features that distinguish it from other multilane roundabouts:

e Entries are perpendicular to the circulatory roadway, and

e Raised lane dividers are used within the circulatory roadway to guide
drivers to the appropriate exit.

This treatment has not been used in the United States at the time of this writing.

6.6 MINI-ROUNDABOUTS

A mini-roundabout is an intersection design form that can be used in place of
stop control or signalization at physically constrained intersections to help
improve safety and reduce delays. Typically characterized by a small diameter
and traversable islands, mini-roundabouts are best suited to environments where
speeds are already low and environmental constraints would preclude the use of
a larger roundabout with a raised central island. Exhibit 6-38 presents the charac-
teristics of a mini-roundabout.

Mini-roundabouts operate in the same manner as larger roundabouts, with
yield control on all entries and counterclockwise circulation around a central
island. Due to the small footprint, large vehicles are typically required to travel
over the fully traversable central island, as shown in Exhibit 6-38. To help pro-
mote safe operations, the design generally aligns passenger cars in such a way as
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Exhibit 6-38
Basic Characteristics of
a Mini-Roundabout

Trucks may need to pass over

central Island
Central Island sized to

provide deflection for
passenger cars

Entrance line and splitter
Island defined by Inscribed
circle diameter or by swept
path of large vehides

Splitter Island mountable

or palnted yellow
Boundary of

Inscribed drcle

to naturally follow the circulatory roadway and minimize running over of the
central island to the extent possible.

6.6.1 GENERAL DESIGN CRITERIA FOR MINI-ROUNDABOUTS

Many of the same principles are used in the design of mini-roundabouts as in
full-sized roundabouts. Key considerations include vehicle channelization, design
vehicle paths, and intersection visibility. Given that the central island of a mini-
roundabout is fully traversable, the overall design should provide channelization
that naturally guides drivers to the intended path. Sub-optimum designs may
result in drivers turning left in front of the central island (or driving over the top
of it), improperly yielding, or traveling at excess speeds through the intersection.

A mini-roundabout is often considered as an alternative to a larger single-lane
roundabout due to a desire to minimize impacts outside of the existing intersection
footprint. Therefore, the existing intersection curb lines are a typical starting point
for establishing the mini-roundabout inscribed circle diameter. Mini-roundabouts
should be made as large as possible within the intersection constraints. However, a
mini-roundabout inscribed circle diameter should generally not exceed 90 ft (30 m).
Above 90 ft (30 m), the inscribed circle diameter is typically large enough to accom-
modate the design vehicles navigating around a raised central island. A raised cen-
tral island provides physical channelization to control vehicle speeds, and therefore
a single-lane design is preferred where a diameter greater than 90 ft (30 m) can be
provided.

The fully traversable central island provides the clearest indication to the
user that the intersection is a mini-roundabout. The location and size of a mini-
roundabout’s central island (and the corresponding width of the circulatory road-
way) is dictated primarily by passenger car swept path requirements. The island
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location should be at the center of the of the left-turning inner swept paths, which
will be near, but not necessarily on, the center of the inscribed circle (14). The off-
tracking of a large design vehicle should be accommodated by the footprint of the
central island; meanwhile, passenger cars should be able to navigate through the
intersection without being required to travel over the central island. As with
single-lane and multilane roundabouts, it is desirable to also accommodate buses
within the circulatory roadway to avoid jostling passengers by running over a tra-
versable central island. However, for very small inscribed circle diameters, the
bus turning radius is typically too large to navigate around the central island, thus
requiring buses to travel over it. For mini-roundabouts with larger inscribed circle
diameters, it may be possible to accommodate the swept path of a bus vehicle
within the circulatory roadway. The potential trade-off to designing for a bus
instead of a passenger car is that the design may result in a wider circulatory
roadway and smaller central island.

The location of the central island should allow for all movements to be accom-
modated at the intersection with counterclockwise circulation. Designing the cen-
tral island size and location to provide deflection through the roundabout will
encourage proper circulation and reduced speeds through the intersection.

The central island is typically fully traversable and may either be domed or
raised with a mountable curb and flat top for larger islands. Although painted cen-
tral islands are commonly used in the UK, flush central islands are discouraged in
other countries to maximize driver compliance. Composed of asphalt concrete, Port-
land cement concrete, or other paving material, the central island should be domed
using 5% to 6% cross slope, with a maximum height of 5 in. (15). Although fully tra-
versable and relatively small, it is essential that the central island be clear and con-
spicuous (15-16). Islands with a mountable curb should be designed in a similar
manner to truck aprons on normal roundabouts.

The central island should be either delineated with a solid yellow line or com-
pletely covered with a yellow color. A yellow marking color is required by the
MUTCD to provide consistency with other markings used where traffic typically
travels to the right of the marking. If the entire center island is colored yellow, an
anti-skid surface is recommended to increase surface friction and avoid slick sur-
faces, particularly for bicycles and motorcycles. A textured surface that provides a
visible differentiation from the circulatory roadway may also be used, accompa-
nied by a solid yellow line. In the United Kingdom, the center island must be
marked in a solid white color to provide a uniform appearance and make the
island conspicuous (17).

As described in Chapter 7, the edge line extension across the approach lane of
roundabouts also serves as the entrance line. Two common options are used for
placement of this line. One option is to place the entrance line at the outer edge of
the inscribed circle diameter, common with the practice for single-lane and multi-
lane roundabouts. Another option is to advance the entrance line toward the cen-
tral island such that it is no longer coincident with the inscribed circle of the
roundabout. The outer swept path of passenger cars and the largest vehicle likely
to use the intersection is identified for all turning movements, and the advanced
entrance line is placed at least 2 ft (0.6 m) outside of the vehicle paths. Skewed
approaches are one particular situation where advancing the yield line may be
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The central island of a
mini-roundabout should be
clear and conspicuous.

Chapter 6/Geometric Design Page 6-47



Roundabouts: An Informational Guide

Exhibit 6-39
Design That Allows Left Turns
in Front of Central Island

Exhibit 6-40

Possible Design Improve-
ments to Resolve Turning in
Front of Mini-Roundabout
Central Island

beneficial to discourage vehicles from making a left turn in front of the central
island. However, this may result in a reduction of capacity since advancing the
yield line may affect yielding behavior at the entry.

Exhibit 6-39 illustrates one particular situation where the design allows passen-
ger cars to turn left in front of the central island. In this case, the combination of the
intersection skew angle, small size of the central island, small size of the splitter
islands, and large width of the circulatory roadway makes it comfortable for a driver
to turn left in front of the central island instead of navigating around it. Three possi-
ble design improvements are illustrated in Exhibit 6-40. These include (1) advancing
the yield line forward, (2) simultaneously enlarging the central island and reducing
the circulatory roadway width, and (3) enlarging the inscribed circle diameter.

Design allows
cars to turn
left in front of
central island

Entrance line
moved forward

Enlarged
central island
diameter

Enlarged inscribed
circle diameter L ;
Original intersection
curblines
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For intersections with excessive skew or offset approach alignments, the use of
dual mini-roundabouts is another option for providing adequate vehicle channel-
ization through the intersection (14-15, 17-18). Under this scenario, the intersection
is divided into two adjacent mini-roundabouts. The design accommodates proper
circulation for light vehicles (such as passenger cars) and traversable islands to
allow for navigation of large vehicles through the intersection. Although this type
of design has been implemented in the United Kingdom, it is rare elsewhere.

6.6.1.1 Splitter Islands

As with larger roundabouts, splitter islands are generally used at mini-round-
abouts to align vehicles, encourage deflection and proper circulation, and provide
pedestrian refuge. Splitter islands are raised, traversable, or flush depending on the
size of the island and whether trucks will need to track over the top of the splitter
island to navigate the intersection. In general, raised islands are used where possi-
ble, and flush islands are generally discouraged. The following are general guide-
lines for the types of splitter islands under various site conditions:

e Consider a raised island if:

— All design vehicles can navigate the roundabout without tracking
over the splitter island area,

— Sufficient space is available to provide an island with a minimum
area of 50 ft? (4.6 m?), and /or

— Pedestrians are present at the intersection with regular frequency.
e Consider a traversable island if:

— Some design vehicles must travel over the splitter island area and
truck volumes are minor, and

— Sufficient space is available to provide an island with a minimum
area of 50 ft? (4.6 m?).

e Consider a flush (painted) island if:

— Vehicles are expected to travel over the splitter island area with
relative frequency to navigate the intersection,

— Anisland with a minimum area of 50 ft? (4.6 m?) cannot be
achieved, and

— Intersection has slow vehicle speeds.

Where entrance lines are located within the inscribed circle, raised splitter
islands typically terminate at the edge of the inscribed circle rather than being car-
ried to the entrance line location. This allows sufficient space within the circulatory
roadway for U-turn movements to occur. A painted or traversable splitter island
should be continued to the entrance line to guide entering motorists around the
central island.

In some cases, sufficient space may be available to provide a partial raised
island within the pedestrian refuge area. An example of a raised island being ter-
minated prior to the entrance line is illustrated in Exhibit 6-41. If raised islands are
used, they should be visible to approaching motorists.
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Chapter 6/Geometric Design Page 6-49



Roundabouts: An Informational Guide

Exhibit 6-41

Raised Splitter Island
Terminated in Advance
of the Entrance Line

Dimondale, Michigan

6.6.1.2 Pedestrian Treatments at Mini-Roundabouts

At conventional intersections, pedestrian ramps and crosswalks are typically
located near the curb returns at the corners of the intersection. When converting
to a mini-roundabout, these corner pedestrian-crossing locations may require
relocation. The crosswalk is recommended to be located 20 ft (6 m) upstream of
the entrance line to accommodate one vehicle stopped between the crosswalk
and the entrance line.

Where a traversable or raised splitter island is used, the walkway through
the splitter island should be cut through instead of ramped. This is less cumber-
some for wheelchair users and allows the cut-through walkway to be aligned
with the crosswalks, providing guidance for all pedestrians but particularly for
those who are blind or who have low vision. The cut-through walkway should
be approximately the same width as the crosswalk, ideally a minimum width of
10 ft (3 m).

Sidewalk ramps must be provided to connect to the sidewalks at each end of
the crosswalk. Wherever sidewalks are set back from the roundabout with a plant-
ing strip, ramps do not need to have flares and should simply have curbed edges
aligned with the crosswalk to provide alignment cues for pedestrians who are blind
or who have low vision. A detectable warning surface consisting of raised truncated
domes is applied to the ramps to meet accessibility requirements.

Where a minimum splitter island width of 6 ft (1.8 m) is available on the
approach, a pedestrian refuge should be provided within the splitter island.
Where a pedestrian refuge is provided, the refuge area must be defined with
the use of detectable warning surfaces. The detectable warning surface on
splitter islands should begin at the curb line and extend into the cut-through
area a distance of 2 ft (0.6 m), leaving a clear space of at least 2 ft (0.6 m)
between detectable warning surfaces. Detailed standards for detectable warn-
ing surfaces can be found in the accessibility guidelines provided by the U.S.
Access Board.

In some cases, the available roadway width may not be sufficient to pro-
vide an adequate refuge area, in which case pedestrians will need to cross in
one stage. In such cases, no detectable warnings should be used within the
splitter island.
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6.6.1.3 Bicycles at Mini-Roundabouts

Since typical on-road bicycle travel speeds are between 12 and 20 mph
(20 to 30 km/h), the speeds of vehicles approaching and traveling through
mini-roundabouts are similar to those of bicyclists. Bicyclists are encouraged to
navigate through a mini-roundabout like other vehicles. Where bicycle lanes
are provided on the approaches to a mini-roundabout, they should be termi-
nated to alert motorists and bicyclists of the need for bicyclists to merge. Bike
lanes should be terminated at least 100 ft (30 m) upstream of the entrance line.
Additional information on bicycle design considerations can be found in Sec-
tion 6.8.2 and Chapter 7.

6.6.1.4 Vertical Design

Mini-roundabouts should be designed to be outward draining to place the
central island at the highest point of the intersection for maximum visibility. This
is consistent with most standard intersection grading, where the high point is
located near the center of the intersection and sloping toward the outer curb lines.
Therefore, in most retrofit situations, installation of a mini-roundabout would not
necessarily require significant re-grading of the intersection.

6.6.2 DESIGN CONSIDERATIONS FOR MINI-ROUNDABOUTS
AT THREE-LEG INTERSECTIONS

Typical T-intersections with perpendicular approach legs can present chal-
lenges to achieving deflection within the existing right-of-way. Exhibit 6-42 illus-
trates the simplest and least costly method for implementing a mini-roundabout at
a standard T-intersection. The inscribed circle of the roundabout is located within
the existing curb lines, which requires no additional right-of-way or modifications
outside the existing intersection footprint. However, the downside of such a design
is that little or no deflection is provided along the top of the T for a driver moving
from right to left. Therefore, this type of design is best suited for locations were
speeds are already low or where supplemental traffic calming devices can be pro-
vided upstream of the roundabout entry.

/— No vehicle path deflection

Z ] D L -]

Inscribed circle fit within
Vehicle aligned to travel over existing intersection curblines
the top of the central island

Narrow roadway cross-section
results in small splitter island

Care must be taken in the splitter island design to provide adequate deflection
for traffic traveling from left to right across the top of the T to be directed to circulate
around the central island rather than simply traveling over top of it. Insufficient

Exhibit 6-42
Mini-Roundabout within
Existing Intersection Footprint
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Exhibit 6-43
Mini-Roundabout with
Central Island Centered
Along Major Roadway

Exhibit 6-44
Mini-Roundabout with
Inscribed Circle Shifted
along Minor Street Axis

deflection may lead to additional vehicle conflicts and premature wearing of the
central island markings.

The preferred option for a mini-roundabout at a T-intersection is to deflect the
outer curb line at the top of the T to provide deflection for all movements, as illus-
trated in Exhibit 6-43. This option may also allow for a slightly larger inscribed circle
diameter, which will increase flexibility for larger vehicles to more easily navigate
the intersection. Modifications to the curb lines will result in higher costs for this
alternative and may also require additional right-of-way.

Deflected Vehicle Path

Central island centered
along major roadway

A third option achieves deflection for all movements by shifting the inscribed
circle along the minor street axis, as illustrated in Exhibit 6-44. This option will
likely require modification of all intersection curb lines and may require additional
realignment of the approach legs upstream of the intersection. Care must be taken
to sufficiently shift the central island to actually achieve deflection. Minor shifts of
one or two feet are not likely to provide sufficient deflection because drivers will be
able to simply pick a path that avoids the curb line bump-outs. Minor shifts may
also be difficult to perceive by drivers and could result in vehicles running into the
bump-outs.

Deflected roadway alignment
/— Original roadway alignment

Deflected vehicle path

6.6.3 RIGHT-TURN BYPASS LANES

Right-turn bypass lanes can also be used at mini-roundabouts. Exhibit 6-45
shows an example. See Section 6.8.6 for further discussion.
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Exhibit 6-45
Mini-Roundabout with
Right Turn Bypass Lane

Lutherville, Maryland

6.7 PERFORMANCE CHECKS

Performance checks are a vital part of roundabout design. These checks help
an engineer determine whether the design meets its performance objectives.

6.7.1 FASTEST PATH

The fastest path allowed by the geometry determines the negotiation speed
for that particular movement into, through, and exiting the roundabout. It is
the smoothest, flattest path possible for a single vehicle, in the absence of other
traffic and ignoring all lane markings. The fastest path is drawn for a vehicle
traversing through the entry, around the central island, and out the relevant
exit. The fastest paths must be drawn for all approaches and all movements,
including left-turn movements (which generally represent the slowest of the
fastest paths) and right-turn movements (which may be faster than the through
movements at some roundabouts). Note that the fastest path methodology does
not represent expected vehicle speeds, but rather theoretical attainable entry
speeds for design purposes. Actual speeds can vary substantially based on
vehicles suspension, individual driving abilities, and tolerance for gravitational
forces.

Exhibit 6-46 illustrates the five critical path radii that must be checked for
each approach. R;, the entry path radius, is the minimum radius on the fastest
through path prior to the entrance line. R,, the circulating path radius, is the mini-
mum radius on the fastest through path around the central island. R;, the exit
path radius, is the minimum radius on the fastest through path into the exit. R,,
the left-turn path radius, is the minimum radius on the path of the conflicting
left-turn movement. Rs, the right-turn path radius, is the minimum radius on
the fastest path of a right-turning vehicle. It is important to note that these
vehicular path radii are not the same as the curb radii. The R, through R; radii
measured in this procedure represent the vehicle centerline in its path through
the roundabout. Information on constructing the fastest paths is provided in
Section 6.7.1.1
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Exhibit 6-46
Vehicle Path Radii

Exhibit 6-47
Recommended Maximum
Entry Design Speeds

Roundabout speed is deter-
mined by the fastest path
allowed by the geometry.

Through movements are
usually the fastest path,
but sometimes right-turn
paths are more critical.

Draw the fastest path for all
roundabout approaches.

Recommended maximum theoretical entry design speeds for roundabouts at
various intersection site categories are provided in Exhibit 6-47.

Recommended Maximum

Site Category Theoretical Entry Design Speed
Mini-Roundabout 20 mph (30 km/h)
Single Lane 25 mph (40 km/h)
Multilane 25 to 30 mph (40 to 50 km/h)

6.7.1.1 Construction of Vehicle Paths

To determine the speed of a roundabout, the fastest path allowed by the
geometry is drawn. This is the smoothest, flattest path possible for a single vehi-
cle, in the absence of other traffic and ignoring all lane markings, traversing
through the entry, around the central island, and out the exit. The design speed of
the roundabout is determined from the smallest radius along the fastest allowable
path. The smallest radius usually occurs on the circulatory roadway as the vehicle
curves to the left around the central island.

A vehicle is assumed to be 6 ft (2 m) wide and maintain a minimum clearance
of 2 ft (0.5 m) from a roadway centerline or concrete curb and flush with a painted
edge line (3). Thus the centerline of the vehicle path is drawn with the following
distances to the particular geometric features:

e 5ft(1.5m) from a concrete curb,
e 5ft(1.5m) from a roadway centerline, and
e 3 ft (1.0 m) from a painted edge line.

Exhibit 6-48 and Exhibit 6-49 illustrate the construction of the fastest vehicle
paths at a single-lane roundabout and at a multilane roundabout, respectively.
Exhibit 6-50 provides an example of an approach at which the right-turn path is
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3ft(1.0m) —m L_

more critical than the through movement. The fastest path should be drawn and
checked for all approaches of the roundabout.

The fastest path for the through movement is a series of reverse curves (i.e., a
curve to the right followed by a curve to the left followed by a curve to the right).
When drawing the path, a short length of tangent should be drawn between con-
secutive curves to account for the time it takes for a driver to turn the steering
wheel. Fastest paths may be drawn either freehand or with a computer aided
drafting (CAD) program. The freehand technique can provide a natural represen-
tation of the way a driver negotiates the roundabout, with smooth transitions con-
necting curves and tangents. Having sketched the fastest path, the engineer can

3ft(1.0m) L
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Exhibit 6-48
Fastest Vehicle Path through
Single-Lane Roundabout

Exhibit 6-49
Fastest Vehicle Path through
Multilane Roundabout
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Exhibit 6-50
Example of Critical
Right-Turn Movement

Exhibit 6-51

Guidance on Drawing and
Measuring the Entry

Path Radius

3ft(1.0m) —

then measure the minimum radii using suitable curve templates or by replicating
the path in CAD and using it to determine the radii. The Wisconsin Department of
Transportation Roundabout Guide (7) provides one possible technique for creating
fastest paths in CAD.

The entry path radius, R;, is a measure of the deflection imposed on a vehicle
prior to entering the roundabout. The ability of the roundabout to control speed at
the entry is a proxy for determining the potential safety of the roundabout and
whether drivers are likely to yield to circulating vehicles (9). Additional guidance is
provided in Exhibit 6-51 on drawing and measuring the R; radius. The construction
of the fastest path should begin at least 165 ft (50 m) prior to the entrance line using
the appropriate offsets identified above. The R; radius should be measured as the
smallest best-fit circular curve over a distance of at least 65 to 80 ft (20 to 25 m) near
the entrance line. This procedure is provided as guidance based upon design stan-
dards from the United Kingdom (9); however, other methods may provide equally
acceptable results.

See text for typical offsets

Begin drawing entry path
at least 165 ft (50 m)
prior to the entrance line

R1 should be measured over a
distance of 65 to 80 ft (20 to 25 m).
It is the minimum radius that occurs
along the approach entry path near
the entrance line but not more than
165 ft (50 m) in advance of it.

Fastest Path
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6.7.1.2 Vehicle Speed Estimation

The relationship between travel speed and horizontal curvature is docu-
mented in the AASHTO “Green Book” (4). Both superelevation and the side fric-
tion factor affect the speed of a vehicle. Side friction varies with vehicle speed and
can be determined in accordance with AASHTO guidelines. The most common
superelevation values encountered are +0.02 and —0.02, corresponding to 2% cross
slope. Equation 6-1 and Equation 6-2 provide a simplified relationship between
speed and radius for these two common superelevation rates that incorporates
the AASHTO relationship and side friction factors. Exhibit 6-52 illustrates the
speed-radius relationship in a graphical format. Additional information regard-
ing the relationship of speed to superelevation and side friction is provided in
Appendix D.

V =3.4415R0%3861  for e=+0.02 Equation 6-1
V =3.4614R%3673  fore=-0.02 Equation 6-2

where

V = predicted speed, mph;
R =radius of curve, ft; and
e = superelevation, ft/ft.

40 Exhibit 6-52
Speed-Radius Relationship
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The speed-radius relationship given above generally provides a reasonable pre-
diction for the left-turn and through movement circulating speeds. However, this
method does not consider the effects of deceleration and acceleration and therefore
may overpredict entry and exit speeds in cases where the path radius is large (1).

To better predict actual entry speeds, Equation 6-3 may be used to account
for deceleration of vehicles from the entering (R;) speed to the circulating (R;)
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Equation 6-3

Equation 6-4

speed. Analysts should use caution in using deceleration as a limiting factor to
establish entry speeds for design. To promote safe design, deflection of the R;
path radius should be the primary method for controlling entry speed. There-
fore, while Equation 6-3 may provide an improved estimate of actual speed
achieved at entry, for design purposes it is recommended that predicted speeds
from Equation 6-1 be used.

Vi pbase

Vi =min 1
1'?\/(1.471/2 Y+ 2a0ds,

where

Vi = entry speed, mph;
Vipiese = V1 speed predicted based on path radius, mph;

V, = circulatory speed for through vehicles predicted based on path radius,
mph;

a;, = deceleration between the point of interest along V; path and the mid-
point of V, path =-4.2 ft/s? and

dy, = distance along the vehicle path between the point of interest along V;
path and the midpoint of V, path, ft.

When identifying the predicted speed for the exit radius, R;, the acceleration
effects of vehicles can have a more prominent effect on the outcome of the esti-
mated speed. At locations with a large radius or tangential exit, the measured R;
radius will be so large that the acceleration characteristics of the vehicle will
govern the actual speeds that can be achieved. Therefore, tangential exits do not
inherently result in excessive exit speeds as compared to exits with some curva-
ture, provided that circulating speeds are low and the distance to the point of
interest on the exit (typically the crosswalk) is short. While it is desirable to pro-
vide some degree of curvature on the exit to reduce the visual appearance of a
straight shot, recent U.S. research indicates that such curvature does not appear
to always be the controlling factor for exit speeds (1). Exit speed can be estimated
using Equation 6-4.

‘/3 pbase

V3 =min 1
m\/(1.47V2 V + 200

where

V5 = exit speed, mph;
Viapiase = V3 speed predicted based on path radius, mph;

V, = circulatory speed for through vehicles predicted based on path radius,
mph;

Ay = acceleration between the midpoint of V, path and the point of interest
along V; path =6.9 ft/s? and

dy; = distance along the vehicle path between midpoint of V, path and point
of interest along V; path, ft.
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With all predicted speeds, the engineer is cautioned to look at the entire trajec-
tory of the subject movement to determine what speeds are reasonable for each part
of the trajectory. The above discussion highlights observed limitations on entry and
exit speed based on circulating speed. However, other relationships may exist for a
given design. For example, an approach curve prior to the entry (with radius Ry)
may govern the speed that can be reached at the entry. A combination of low entry
speed and low exit speed may make the theoretical speed of the intervening circu-
lating movement less relevant. More generally, the speed environment leading into
the roundabout may govern speeds. An entry coming from a parking lot may have
a considerably lower observed entry speed than an entry coming from a high-speed
rural roadway, even with the same entry geometry.

6.7.1.3 Speed Consistency

Consistency between the speeds of various movements within the inter-
section can help to minimize the crash rate between conflicting traffic streams.
Relative speeds between conflicting traffic streams and between consecutive
geometric elements should be minimized such that the maximum speed differ-
ential between movements should be no more than approximately 10 to 15 mph
(15 to 25 km/h). These values are typically achieved by providing a low absolute
maximum speed for the fastest entering movements. As with other design
elements, speed consistency should be balanced with other objectives in estab-
lishing a design.

6.7.1.4 Improving Fastest Path Vehicle Speeds

Iteration within the design process is an integral part of roundabout design.
Often, it takes several iterations to achieve the balanced design objectives that are
desired. Size, location, and alignment are commonly at the heart of achieving ade-
quate vehicle speeds. If the sketching of the fastest paths identifies speeds that are
above the recommended thresholds, the engineer is encouraged to look at the big
picture of the design to evaluate these key variables rather than focusing in on the
details. Often, in an attempt to achieve adequate vehicle speeds, engineers will pro-
duce overly small entry radii or too narrow entry width, which can impact safety,
capacity, and the ability to accommodate heavy vehicles.

At single-lane roundabouts, it is relatively simple to reduce the value of R;.
Possible options include shifting the alignment of the approach further to the
left to achieve a slower entry speed (with the potential trade-off of higher exit
speeds that may put pedestrians at risk), increasing the size of the inscribed
circle diameter, and in some cases making adjustments to the initial entry
width/radii parameters that were selected. At multilane roundabouts it is gen-
erally more difficult to produce a balanced design to meet all of the principles.
As an example, overly small entry curves may allow the design to meet the
fastest path speed recommendations; however, this may also cause the natural
path of adjacent traffic streams to overlap.

6.7.2 PATH ALIGNMENT (NATURAL PATH) CONSIDERATIONS

As discussed previously, the fastest path through the roundabout is drawn to
ensure that the geometry imposes sufficient curvature to achieve a safe design
speed. This path is drawn assuming the roundabout is vacant of all other traffic

Look at the entire trajectory
of the subject movement to
determine what speeds are
reasonable for each part of the
trajectory
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Exhibit 6-53
Natural Vehicle Path Sketched
through Roundabout

and the vehicle cuts across adjacent travel lanes, ignoring all lane markings. In
addition to evaluating the fastest path, at multilane roundabouts the engineer
should also consider the natural vehicle paths. These are the paths approaching
vehicles will naturally take through the roundabout geometry, assuming there is
traffic in all approach lanes.

The key consideration in drawing the natural path is to remember that drivers
cannot change the direction or speed of their vehicle instantaneously. This means
that the natural path does not have sudden changes in curvature; it has transitions
between tangents and curves and between consecutive reversing curves. Secondly,
it means that consecutive curves should be of similar radius. If a second curve has a
significantly smaller radius than the first curve, the driver will be traveling too fast
to negotiate the turn and may not be able stay within the lane. If the radius of one
curve is drawn significantly smaller than the radius of the previous curve, the path
should be adjusted.

To identify the natural path of a given design, it is better to sketch the natural
paths over the geometric layout, rather than use a computer drafting program or
manual drafting equipment. In sketching the path, the engineer will naturally draw
transitions between consecutive curves and tangents, similar to the way a driver
would negotiate an automobile. Freehand sketching also enables the engineer to feel
how changes in one curve affect the radius and orientation of the next curve. The
sketch technique, Exhibit 6-53, allows the engineer to quickly obtain a smooth, natu-
ral path through the geometry that may be more difficult to obtain using a com-
puter. Additional discussion of design techniques to avoid path overlap is provided
in Section 6.5.4. As a rule of thumb, the design should provide at least one car length
of large radius or tangent to adequately align vehicles into the correct lane within
the circulatory roadway.

6.7.3 SIGHT DISTANCE

The two most relevant aspects of sight distance for roundabouts are stopping
sight distance and intersection sight distance.
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6.7.3.1 Stopping Sight Distance

Stopping sight distance is the distance along a roadway required for a
driver to perceive and react to an object in the roadway and to brake to a com-
plete stop before reaching that object. Stopping sight distance should be pro-
vided at every point within a roundabout and on each entering and exiting
approach.

NCHRP Report 400: Determination of Stopping Sight Distances (19) recommends
the formula given in Equation 6-5 for determining stopping sight distance.

d= (1.468)(t)(V)+1.087V72

where

d = stopping sight distance, ft;

t = perception-brake reaction time, assumed to be 2.5 s;
V =initial speed, mph; and

a = driver deceleration, assumed to be 11.2 ft/s2

Exhibit 6-54 gives stopping sight distances computed from the above equations.

Computed Distance* Computed Distance*
Speed (km/h) (m) Speed (mph) (ft)
10 8.1 10 46.4
20 18.5 15 77.0
30 31.2 20 112.4
40 46.2 25 152.7
50 63.4 30 197.8
60 83.0 35 247.8
70 104.9 40 302.7
80 129.0 45 362.5
90 155.5 50 427.2
100 184.2 55 496.7

* Assumes 2.5 s perception—braking time, 3.4 m/s? (11.2 ft/s?) driver deceleration

Stopping sight distance should be measured using an assumed height of
driver’s eye of 3.5 ft (1,080 mm) and an assumed height of object of 2 ft (600 mm),
in accordance with the AASHTO “Green Book” (4).

At roundabouts, a minimum of three critical types of locations should be
checked:

1. Approach sight distance (Exhibit 6-55),
2. Sight distance on circulatory roadway (Exhibit 6-56), and
3. Sight distance to crosswalk on exit (Exhibit 6-57).

Forward sight distance at entry can also be checked; however, this will typi-
cally be satisfied by providing adequate stopping sight distance on the circulatory
roadway itself.

Equation 6-5

Exhibit 6-54
Computed Values for
Stopping Sight Distance

At least three critical types of
locations should be checked
for stopping sight distance.
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Exhibit 6-55 LEGEND
Stopping Sight Distance
on the Approach

d Stopping sight distance
related to approaching speed

d (to yield line)

Exhibit 6-56
Stopping Sight Distance
on Circulatory Roadway
LEGEND
d Distance related to stopping
sight distace and circulatory
speed

Exhibit 6-57
Sight Distance to
Crosswalk on Exit
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6.7.3.2 Intersection Sight Distance

Intersection sight distance is the distance required for a driver without the right-
of-way to perceive and react to the presence of conflicting vehicles. Intersection sight
distance is achieved through the establishment of sight triangles that allow a driver to
see and safely react to potentially conflicting vehicles. At roundabouts, the only loca-
tions requiring evaluation of intersection sight distance are the entries.

Intersection sight distance is traditionally measured through the determination
of a sight triangle. This triangle is bounded by a length of roadway defining a limit
away from the intersection on each of the two conflicting approaches and by a line
connecting those two limits. For roundabouts, these legs should be assumed to fol-
low the curvature of the roadway, and thus distances should be measured not as
straight lines but as distances along the vehicular path.

Intersection sight distance should be measured using an assumed height of
driver’s eye of 3.5 ft (1,080 mm) and an assumed height of object of 3.5 ft (1,080 mm)
in accordance with the AASHTO “Green Book” (4) which is based upon NCHRP
Report 383: Intersection Sight Distances (20).

Exhibit 6-58 presents a diagram showing the method for determining inter-
section sight distance. As can be seen in the exhibit, the sight distance triangle has
two conflicting approaches that must be checked independently. The following
two subsections discuss the calculation of the length of each of the approaching
sight limits.

LEGEND

d, Entering stream distance
d, Circulating stream distance

6.7.3.3 Length of Approach Leg of Sight Triangle

The length of the approach leg of the sight triangle should be limited to 50 ft
(15 m). British research on sight distance has determined that excessive intersection
sight distance results in a higher frequency of crashes. This value, consistent with
British and French practice, is intended to require vehicles to slow down prior to
entering the roundabout, which supports the need to slow down and yield at the
roundabout entry and allows drivers to focus on the pedestrian crossing prior to

: An Informational Guide

Entries to roundabouts
require adequate intersection
sight distance.

Exhibit 6-58
Intersection Sight Distance
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Equation 6-6

Equation 6-7

Exhibit 6-59

Computed Length of
Conflicting Leg of
Intersection Sight Triangle

Providing more than the
minimum required intersection
sight distance can lead to
higher speeds that reduce
intersection safety.

entry. If the approach leg of the sight triangle is greater than 50 ft (15 m), it may be
advisable to add landscaping to restrict sight distance to the minimum requirements.

6.7.3.4 Length of Conflicting Leg of Sight Triangle

A vehicle approaching an entry to a roundabout faces conflicting vehicles
within the circulatory roadway and on the immediate upstream entry. The length
of the conflicting leg is calculated using Equation 6-6 and Equation 6-7:

dl = (1 468) ( Vma]'or, entering ) (tC )

dz = (1 468) (Vmajor, circulating )(tc )

where

d; =length of entering leg of sight triangle, ft;
d, =length of circulating leg of sight triangle, ft;

Vnajor = design speed of conflicting movement, mph, discussed below; and
t. = critical headway for entering the major road, s, equal to 5.0 s.

Two conflicting traffic streams should be checked at each entry:

1. Entering stream, which is composed of vehicles from the immediate
upstream entry. The speed for this movement can be approximated by
taking the average of the theoretical entering (R;) speed and the circu-
lating (R,) speed.

2. Circulating stream, which is composed of vehicles that enter the roundabout
prior to the immediate upstream entry. This speed can be approximated by
taking the speed of left-turning vehicles (path with radius Ry).

The critical headway for entering the major road is based on the amount of
time required for a vehicle to safely enter the conflicting stream. The critical head-
way value of 5.0 s given in Equation 6-6 and Equation 6-7 is based upon the critical
headway required for passenger cars (2). This critical headway value represents an
interim methodology pending further research. Some individual states or munici-
palities have elected to use alternative critical headway values ranging from 4.5 to
6.5 seconds. Exhibit 6-59 shows computed length of the conflicting leg of an inter-
section sight triangle.

Conflicting

Conflicting Approach Computed Approach Speed Computed
Speed (mph) Distance (ft) (km/h) Distance (m)

10 73.4 20 27.8

15 110.1 25 34.8

20 146.8 30 41.7

25 183.5 35 48.7

30 220.2 40 55.6

Note: Computed distances are based on a critical headway of 5.0 s.

In most cases it is best to provide no more than the minimum required inter-
section sight distance on each approach. Excessive intersection sight distance can
lead to higher vehicle speeds that reduce the safety of the intersection for all road
users (motorists, bicyclists, pedestrians). Landscaping can be effective in restrict-
ing sight distance to the minimum requirements.
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6.7.3.5 Combined Sight Distance Diagram

During design and review, roundabouts should be checked to ensure that
adequate stopping and intersection sight distance is being provided. Checks for
each approach should be overlaid onto a single drawing, as shown in Exhibit 6-60,
to illustrate the clear vision areas for the intersection. This provides guidance on
the appropriate locations for various types of landscaping or other treatments.
Landscaping can be effective in restricting sight distance to the minimum needed
and provides an important mechanism for alerting drivers to the presence and
location of the roundabout.

Exhibit 6-60
Example Sight
Distance Diagram

Low Growth Landscaping Only High Growth Landscaping Possible

%6%%% %!

The hatched portions in Exhibit 6-60 are areas that should be clear of large
obstructions that may hinder driver visibility. Objects such as low growth vegeta-
tion, poles, sign posts, and narrow trees may be acceptable within some of these
areas provided that they do not create a hazard for errant vehicles or significantly
obstruct the visibility of other vehicles, pedestrians, the splitter islands, the central
island, or other key roundabout components. In the remaining areas (with solid
shading), especially within the central island, taller landscaping may be used to
break the forward view for through vehicles, thereby contributing to speed reduc-
tions and reducing oncoming headlight glare. Note that other factors like speed
environment may further control landscaping design; refer to Chapter 9 for more
discussion.

6.7.4 ANGLES OF VISIBILITY

The intersection angle between consecutive entries must not be overly acute in
order to allow drivers to comfortably turn their heads to the left to view oncoming
traffic from the immediate upstream entry. The intersection angle between consec-
utive entries, and indeed the angle of visibility to the left for all entries, should con-
form to the same design guidelines as for conventional intersections. Guidance for
designing for older drivers and pedestrians recommends using 75° as a minimum
intersection angle (21).
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Exhibit 6-61
Example Design with Severe
Angle of Visibility to Left

Exhibit 6-62

Roundabout with Realigned
Ramp Terminal Approach
to Provide Better Angle

of Visibility to the Left

At roundabouts, the intersection angle may be measured as the angle between
a vehicle’s alignment at the entrance line and the sight line required according to
intersection sight-distance guidelines. Exhibit 6-61 shows an example design with a
severe angle of visibility to the left, and Exhibit 6-62 shows a possible correction.
Note that in any complex roundabout like this one, corrections for one effect may
introduce other challenges, such as the closer proximity of the entrance in the
lower left corner of the exhibit to the entrance in the lower right corner. The engi-
neer needs to balance trade-offs when determining the best course of action.

N
Angle of intersection too iy
severe. Angle should be \\ Q /
no less than 75 degrees. SN N

/SD = Intersection Sight

Distance

Source: California Department of Transportation (1)

* |SD = Intersection Sight
Distance

Source: California Department of Transportation (1)
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6.8 DESIGN DETAILS

This section provides a discussion of a variety of design details that are com-
mon to all types of roundabouts.

6.8.1 PEDESTRIAN DESIGN CONSIDERATIONS
6.8.1.1 Sidewalks

Wherever possible, sidewalks at roundabouts should be set back from the Set back sidewalks 1.5 m (5 ft)
f the ci 1 d ith a land io. Land . from the circulatory roadway
edge of the circulatory roadway with a landscape strip. Landscape strips pro- where possible.

vide many benefits, including increased comfort for pedestrians, room for
street furniture and snow storage, and a buffer to allow for the overhang of
large vehicles as they navigate the roundabout. Two additional important
benefits are that the setback discourages pedestrians from crossing to the cen-
tral island or cutting across the circulatory roadway of the roundabout and that
the setback helps guide pedestrians with vision impairments to the designated
crosswalks.

The draft Public Rights-of-Way Accessibility Guidelines (PROWAG) (22)
include a requirement to provide a detectable edge treatment between sidewalks
and roundabouts wherever pedestrian crossings are not intended. A recom-
mended set back distance of 5 ft (1.5 m) should be used [minimum of 2 ft (0.6 m)],
and it is best to plant low shrubs or grass in the area between the sidewalk and
curb (see Chapter 7). Where there is not enough room to provide adequate set-
back, fencing or other barriers may be necessary to guide pedestrians with vision
impairments to the crosswalks. Fencing may also be advantageous in areas where
high numbers of pedestrians make pedestrian entry into the circulatory roadway
likely (e.g., on a college campus). Exhibit 6-63 and Exhibit 6-64 provide examples
of sidewalk treatments.

Exhibit 6-63
Sidewalk Treatment Example

Landscape strip
5 ft (1.5 m) or greater desired width OO 7
21t (0.6 m) minimum width _ =N
—
Wide sidewalk
10ft (3 m)

ADA compliant ramps
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Exhibit 6-64
Alternative Sidewalk
Treatments

Exhibit 6-65
Example Sidewalk Setback
at Roundabouts

Enlarged landscape area

and additional setback
for pedestrians

—

Alternative sidewalk alignment
10 ft (3 m) width

ADA compliant ramps

The recommended sidewalk width at roundabouts is 6 ft (1.8 m), and the mini-
mum width is 5 ft (1.5 m). In areas with heavy pedestrian volumes, sidewalks
should be as wide as necessary to accommodate the anticipated pedestrian volume.
At any roundabout where ramps provide sidewalk access to bicyclists, the sidewalk
should be a minimum of 10 ft (3 m) wide to accommodate shared use by pedestri-
ans and bicyclists. An example of sidewalk setback is given in Exhibit 6-65.

Overland Park, Kansas

6.8.1.2 Crosswalks

Pedestrian crosswalk placement at roundabouts requires consistency, based
on a balance between pedestrian convenience, pedestrian safety, and roundabout
operations:

e Pedestrian convenience: Pedestrians desire crossing locations as close to the
roundabout as possible to minimize out-of-direction travel. The further
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the crossing is from the roundabout, the more likely pedestrians will
choose a shorter route that may put them in greater danger. On the other
hand, placing crosswalks at distances away from the entrance line that are
approximately in increments of vehicle lengths reduces the chance that
queued vehicles will be stopped on the crosswalk, blocking convenient
crossing movements by pedestrians.

e Pedestrian safety: Both crossing distance and crossing location are impor-
tant. Crossing distance should be minimized to reduce exposure of pedes-
trians to vehicular conflicts. Due to the flared entry at most roundabouts,
crosswalk placement somewhat back from the entrance line will result in
shorter crossing distance. Placing crosswalks back also helps drivers first
focus their attention on the pedestrian crosswalk before moving forward
and focusing their attention to the left to look for gaps in the circulating
traffic stream.

e Roundabout operations: Vehicular roundabout operations can also be
affected by crosswalk locations, particularly on the exit. A queuing
analysis at the exit crosswalk may determine that a crosswalk location of
more than one vehicle length may be desirable to reduce the likelihood of
queuing into the circulatory roadway. Pedestrians may more easily be
able to visually distinguish exiting vehicles from circulating vehicles at
crosswalks located further from the roundabout.

With these ideas in mind, pedestrian crosswalks should be designed as follows:

e The raised splitter island width should be a minimum of 6 ft (1.8 m) at the
crosswalk to adequately provide shelter for persons pushing a stroller or
walking a bicycle (see Section 6.2.5).

e Pedestrian crossings should ideally be located in vehicle-length incre-
ments away from the edge of the circulatory roadway, or the yield line if
one is provided. A typical and minimum crosswalk setback of 20 ft (6 m)
is recommended. This is the length of one vehicle without any additional
distance to account for the gap between vehicles, since ideally the cross-
walk is placed within this gap. At some roundabouts, it may be desirable
to place the crosswalk two or three car lengths [45 ft (13.5 m) or 70 ft
(21.5 m)] back from the edge of the circulatory roadway; note that these
dimensions include a 5 ft (1.5 m) gap between queued vehicles. The
approach and exit geometry at roundabouts often makes it impractical to
keep the crosswalk setback at a consistent distance from the edge of the
circulatory roadway.

e There are two options for the alignment of a pedestrian crosswalk at
roundabouts:

— Place each leg of the crosswalk approximately perpendicular to
the outside curb of the circulatory roadway for both the entry
lane(s) and the exit lane(s). This creates an angle point in the walk-
way across the splitter island (see Exhibit 6-66). The advantages of
this design are that it creates the shortest possible total crossing
distance and makes it easier to build accessible ramps to the side-
walk, since the crossing is perpendicular to the curb.
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Exhibit 6-66
Crosswalk Alignment Options

— Place the entire crosswalk perpendicular to the centerline of the
approach roadway. This results in angled crossings of the entry
and exit lanes. The advantages of this design are a shorter overall
walking distance for pedestrians and less variability in the distance
between the edge of the circulatory roadway and the crosswalk.
However, this can result in fairly long and overly skewed cross-
walks at roundabouts where the entry lane(s) and/or exit lane(s)
are angled significantly at the crosswalk location. In addition, since
the curb ramp still needs to be perpendicular to the curb for mobil-
ity-impaired users, the curb ramp may not be aligned parallel with
the crosswalk in order to provide alignment cues to visually
impaired pedestrians.

e The walkway through the splitter island should be cut through instead of
ramped. This is less cumbersome for wheelchair users and allows the cut-
through walkway to be aligned with the crosswalks, providing guidance
for all pedestrians, but particularly for those who are blind or who have
low vision. The cut-through walkway should be approximately the same
width as the crosswalk, ideally a minimum width of 10 ft (3.0 m).

e Sidewalk ramps must be provided to connect to the sidewalks at each end
of the crosswalk. Wherever sidewalks are set back from the roundabout
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with a planting strip as recommended above, ramps do not need to have
flares and should simply have curbed edges aligned with the crosswalk.
This provides alignment cues for pedestrians, especially those who are
blind or who have low vision. Additional guidelines related to accessible
curb ramp design can be found in the PROWAG as well as other docu-
ments published by the Access Board.

e Detectable warning surfaces consisting of raised truncated domes, as
required by accessibility guidelines, should be applied to the ramps and
also along the full width of the cut-through walkway within the splitter
island. The detectable warning surface on splitter islands should begin at
the curb line and extend into the cut-through area a distance of 2 ft (0.6 m).
This results in a minimum 2 ft (0.6 m) clear space between detectable
warning surfaces on a splitter island with the minimum recommended
width of 6 ft (1.8 m) at the pedestrian crossing. Detailed standards for
detectable warning surfaces can be found in the PROWAG published by
the Access Board.

e Crosswalk markings should be installed on all roundabout approaches
where sidewalks and ramps lead to pedestrian crossings. Additional
information on crosswalk markings can be found in Chapter 7.

Raised crosswalks (speed tables with pedestrian crossings on top) are another
design treatment that can encourage slow vehicle speeds where pedestrians cross.
As described elsewhere in this document, good geometric design is important at all
roundabouts to encourage slow vehicle speeds. Raised crosswalks may be beneficial
to reduce vehicles speeds at any location where vehicle speeds are higher than
desirable at crosswalk locations. Raised crosswalks also make crossings very easy
for pedestrians with mobility impairments, who will not need to go up and down
ramps as much as they would otherwise. Raised crosswalks need to have detectable
warnings as described above to clearly delineate the edge of the street.

6.8.2 BICYCLE DESIGN CONSIDERATIONS

Safety and usability of roundabouts for bicyclists depends on the details of the
roundabout design and special provisions for bicyclists. At roundabouts, some
cyclists may choose to travel like other vehicles, while others may choose to travel
like pedestrians. Roundabouts can be designed to simplify this choice for cyclists.

Since typical on-road bicycle travel speeds are between 12 and 20 mph (19 to
32 km/h), roundabouts that are designed to constrain the speeds of motor vehicles
to similar values will minimize the relative speeds between bicyclists and motorists,
and thereby improve safety and usability for cyclists. As described in Section 6.2,
roundabouts designed for urban conditions should have a recommended maximum
entry speed of 20 to 30 mph (32 to 48 km/h); these roundabouts are generally com-
patible with bicycle travel.

Single-lane roundabouts are much simpler for cyclists than multilane
roundabouts since they do not require cyclists to change lanes to make left-turn
movements or otherwise select the appropriate lane for their direction of travel.
In addition, at single-lane roundabouts, motorists are less likely to cut off cyclists
when exiting the roundabout. Therefore, it is important not to select a multilane
roundabout over a single-lane roundabout in the short term, even when long-term
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Bicycle lanes should not be
placed around the outside
of the circulatory roadway
of roundabouts.

Ramps to provide sidewalk
access for bicyclists can be
confusing for pedestrians who
are blind or have low vision,
so bicycle ramps should only
be used at roundabouts where
some cyclists may have
difficulty circulating like

other vehicles.

traffic predictions suggest that a multilane roundabout may be desirable. In addi-
tion, the use of a roundabout with two-lane entries for the major roadway and
one-lane entries for the minor roadway can be a good solution to minimize com-
plexity for bicyclists where a roundabout is proposed at an intersection of a major
multilane street and a minor street.

6.8.2.1 Designing for Bicyclists to Traverse Roundabouts like Vehicles

In general, cyclists who have the knowledge and skills to ride effectively and
safely on collector roadways can navigate low-speed, single-lane roundabouts with-
out much difficulty. Cyclists and motorists will travel at approximately the same
speed, making it easier for bicyclists to merge with other vehicular traffic and take
the lane within the roundabout itself; these are necessary actions for safe bicycling
in a roundabout. Even at multilane roundabouts, many cyclists will be comfortable
traveling through like other vehicles.

Where bicycle lanes or shoulders are used on approach roadways, they should
be terminated in advance of roundabouts. The full-width bicycle lane should nor-
mally end at least 100 ft (30 m) before the edge of the circulatory roadway. Terminat-
ing the bike lane helps remind cyclists that they need to merge. An appropriate taper
should be provided to narrow the sum of the travel lane and bike lane widths down
to the appropriate width necessary to achieve desired motor vehicle speeds on the
roundabout approach. The taper should end prior to the crosswalk at the round-
about to achieve the shortest possible pedestrian crossing distance. A taper rate of
7:1 is recommended to accommodate a design speed of 20 mph (30 km/h), which
is appropriate for bicyclists and motor vehicles approaching the roundabout. To
taper a 5 ft to 6 ft (1.4 m to 1.8 m) wide bicycle lane, a 40 ft (12.2 m) taper is recom-
mended. The bicycle lane line should be dotted for 50 to 200 ft (15 m to 60 m) prior to
the beginning of the taper and dropped entirely through the taper itself. A longer
dotted line gives advance notice to cyclists that they need to merge, providing more
room for them to achieve this maneuver and find an appropriate gap in traffic.

Bicycle lanes should not be located within the circulatory roadway of round-
abouts. This would suggest that bicyclists should ride at the outer edge of the cir-
culatory roadway, which can increase crashes resulting from exiting motorists who
cut off circulating bicyclists and from entering motorists who fail to yield to circu-
lating bicyclists.

At roundabout exits, an appropriate taper should begin after the crosswalk,
with a dotted line for the bike lane through the taper. The solid bike lane line should
resume as soon as the normal bicycle lane width is available.

6.8.2.2 Designing for Bicyclists to Traverse Roundabouts
like Pedestrians

Because some cyclists may not feel comfortable traversing some roundabouts in
the same manner as other vehicles, bicycle ramps can be provided to allow access to
the sidewalk or a shared use path at the roundabout. Bicycle ramps at roundabouts
have the potential to be confused as pedestrian ramps, particularly for pedestrians
who are blind or who have low vision. Therefore, bicycle ramps should only be
used where the roundabout complexity or design speed may result in less comfort
for some bicyclists. Ramps should not normally be used at urban, one-lane round-
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abouts. As described in Section 6.8.2, multilane roundabouts are more challenging
for cyclists, and bike ramps can be used to provide the option to travel through the
roundabout like a pedestrian. Bike ramps may also be appropriate at single-lane
roundabouts if traffic speeds or other conditions (e.g., a right turn bypass lane)
make circulating like other vehicles more challenging for bicyclists.

Where bicycle ramps are provided at a roundabout, consideration should be
given to providing a shared-use path or a widened sidewalk at the roundabout. In
areas with relatively low pedestrian use and where bicycle use of the sidewalks is
expected to be low, the normal sidewalk width may be sufficient; however, in most
situations, a minimum 10 ft (3 m) sidewalk width is recommended. If the sidewalk
is designated as a shared-use path, appropriate shared-use path design details
should be applied. The reader is encouraged to refer to the AASHTO Guide for
Development of Bicycle Facilities (23) for a more detailed discussion of the design
requirements for shared-use paths.

In some jurisdictions, state or local laws may prohibit cyclists from riding on
sidewalks. In these areas, the following options could be considered:

*  Bicycle ramps can simply not be used.
e Ramps could be installed using one of the following options:

— Signs could be posted to remind cyclists that they need to walk
their bicycles on the sidewalk.

— An exception could be made to allow cyclists to ride on the side-
walks at the roundabout; appropriate regulatory signs would need
to be posted.

— Thesidewalk could be designed and designated as a shared use path.

The design details of bicycle ramps are critical to provide choice to cyclists,
ensure usability by cyclists, and reduce the potential for confusion of pedestrians,
particularly those who are blind or who have low vision. Bicycle ramps should be
placed at the end of the full-width bicycle lane where the taper for the bicycle lane
begins. Cyclists approaching the taper and bike ramp will thus be provided the
choice of merging left into the travel lane or moving right onto the sidewalk. Bike
ramps should not be placed directly in line with the bike lane or otherwise placed in
a manner that appears to cyclists that the bike ramp and the sidewalk is the recom-
mended path of travel through the roundabout. This encourages more sidewalk use
by bicyclists, which can have a negative effect on pedestrians at the roundabout and
may be less safe for bicyclists as well. Bicycle ramps should be placed at least 50 ft
(15 m) prior to the crosswalk.

Wherever possible, bicycle ramps should be placed entirely within the planting
strip between the sidewalk and the roadway. In these locations, the bicycle ramps
should be placed at a 35° to 45° angle to the roadway and the sidewalk to enable
cyclists to use the ramp even if pulling a trailer, but to discourage them from enter-
ing the sidewalk at high speed. The bike ramp can be fairly steep, with a slope
potentially as high as 20%. If placed within the sidewalk area itself, the ramp slope
must be built in a manner so that it is not a tripping hazard. Exhibit 6-67 and
Exhibit 6-68 illustrate several possible designs of bike ramps, depending on
whether a planting strip is available and the available sidewalk width.

: An Informational Guide
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Exhibit 6-67 35° to 45°
Possible Treatments Typical
for Bicycles

61t (1.8 m)
Typical

Detectable warning surface

Ramp down for bicycle

50 ft (15 m)
20° to 45° Typical

‘— 7:1 taper rate
min.

Ramp up
for bicycle

(See Detail "A")
50 ft (15 m)

min.
50 - 200 ft (15 - 60 m) 100 ft (30 m)
min. min.

Landscaping strip

Exhibit 6-68
Bicycle Ramp Land ou
Design Options ndscape buifer
e provided on
approach to
roundabout

54

Wide curb-tight
sidewalk on
approach to
roundabout

— 8ft (2.4 m) min L 51t (1.5 m) min

Narrow curb-tight

sidewalk on .

T -
approach to N ﬂ R LN & <
roundabout - = >

8ft (2.4 m)

L 7 ft (2.1 m) or less

Since bike ramps can be confusing for pedestrians with vision impairments,
detectable warnings should be included on the ramp. Where the ramp is placed in a
planter strip, the detectable warning field should be placed at the top of the ramp
since the ramp itself is part of the vehicular area for which the detectable warning is
used. If the ramp is in the sidewalk itself, the detectable warning should be placed
at the bottom of the ramp. Other aspects of the bike ramp design and placement can
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help keep pedestrians from misconstruing the bike ramp as a pedestrian crossing
location. These aspects include the angle of the ramp, the possible steeper slope of
the ramp, and location of the ramp relatively far from the roundabout and crosswalk.

Bicycle ramps at roundabout exits should be built with similar geometry and
placement as the ramps at roundabout entries. On exits, the angle between the bike
ramp and the roadway can be as small as 20° since it is not necessary to encourage
bicyclists to slow down as they reenter the roadway, but some angle is necessary so
that blind pedestrians do not inadvertently travel down the ramp. Bike ramps
should be placed at least 50 ft (15 m) after the crosswalk at the roundabout exit.

6.8.3 PARKING CONSIDERATIONS

Parking in the circulatory roadway is not conducive to efficient and safe round-
about operations and should typically be prohibited. Parking on entries and exits
should also be set back far enough so as not to hinder roundabout operations or to
impair the visibility of pedestrians. AASHTO recommends that parking should end
at least 20 ft (6.1 m) from the crosswalk of an intersection (4). Curb extensions or
bulb-outs are recommended to clearly mark the limit of permitted parking and
reduce the width of the entries and exits.

6.8.4 BUS STOP LOCATIONS

For safety and operational reasons, bus stops should be located sufficiently far
away from entries and exits and never in the circulatory roadway. Nearside and far-
side bus stops should be located and designed as follows:

e Nearside stops: If a bus stop is to be provided on the near side of a round-
about, it should typically be located far enough away from the splitter
island so that a vehicle overtaking a stationary bus is in no danger of being
forced into the splitter island, especially if the bus starts to pull away from
the stop. If an approach has only one lane and capacity is not an issue on
that entry, the bus stop could be located at the pedestrian crossing in the
lane of traffic. This is not recommended for entries with more than one lane
because vehicles in the lane next to the bus may not see pedestrians. At
multilane roundabouts, a nearside bus stop can be included in the travel
lane (a bus bulb-out design), as long as it is set back at least 50 ft (15 m)
from the crosswalk. Nearside stops provide the advantage of having a
potentially slower speed environment where vehicles are slowing down,
compared to a far-side location where vehicles may be accelerating upon
exiting the roundabout.

o Far-side stops: Bus stops on the far side of a roundabout should be located
beyond the pedestrian crossing to improve visibility of pedestrians to
other exiting vehicles. Far-side stops result in the crosswalk being behind
the bus, which provides for better sight lines for vehicles exiting the
roundabout to pedestrians and keeps bus patrons from blocking the
progress of the bus when they cross the street. The use of bus pullouts has
some trade-offs to consider. A positive feature of a bus pullout is that it
reduces the likelihood of queuing behind the bus into the roundabout. A
possible negative feature is that a bus pullout may create sight line chal-
lenges for the bus driver to see vehicles approaching from behind when
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Roundabout visibility is a
key design element at
rural locations.

Curbs should be provided at all
rural roundabouts.

attempting to merge into traffic. It may also be possible at multilane
roundabouts in slow-speed urban environments to include a bus stop
without a bus pullout immediately after the crosswalk, as exiting traffic
has an opportunity to pass the waiting bus.

In a traffic-calmed environment, or close to a school, it may be appropriate to
locate the bus stop at a position that prevents other vehicles from passing the bus
while it is stopped.

6.8.5 TREATMENTS FOR HIGH-SPEED APPROACHES

Roundabouts located on rural roads often have special design considerations
because approach speeds are higher than for urban or local streets, and drivers do
not expect to encounter speed interruptions. The primary safety concern in rural
locations is to make drivers aware of the roundabout with ample distance to com-
fortably decelerate to the appropriate speed. The design of a roundabout in a
high-speed environment typically employs all of the techniques of roundabouts in
a lower-speed environment, with greater emphasis on the items presented in the
remainder of this section.

6.8.5.1 Visibility

An important feature affecting safety at rural intersections is the visibility of
the intersection itself. Roundabouts are no different from stop-controlled or sig-
nalized intersections in this respect except for the presence of curbing along road-
ways that are typically not curbed. The potential for single-vehicle crashes can be
minimized with attention to proper visibility of the roundabout and its approaches.
Where possible, the geometric alignment of approach roadways should be con-
structed to maximize the visibility of the central island and the shape of the
roundabout. Where adequate visibility cannot be provided solely through geo-
metric alignment, additional treatments (signing, pavement markings, advanced
warning beacons, etc.) should be considered (see Chapter 7). Note that many of
these treatments are similar to those that would be applied to rural stop-controlled
or signalized intersections.

6.8.5.2 Curbing

On an open rural highway, changes in the roadway’s cross section can be an
effective means to help approaching drivers recognize the need to reduce their
speed. Rural highways typically have no outside curbs with wide paved or gravel
shoulders. Narrow shoulder widths and curbs on the outside edges of pavement,
on the other hand, generally give drivers a sense they are entering a more con-
trolled setting, causing them to naturally slow down. Thus, when installing a
roundabout on an open rural highway, curbs should be provided at the round-
about and on the approaches, and consideration should be given to reducing
shoulder widths.

Curbs help to improve delineation and to prevent corner cutting, which helps
to ensure low speeds. In this way, curbs help to confine vehicles to the intended
design path. The engineer should carefully consider all likely design vehicles,
including farm equipment, when setting curb locations. Little research has been
performed to date regarding the length of curbing required in advance of a rural
roundabout. However, some Australian guidance suggests that curbing should be
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provided in advance of the splitter island. It may be desirable to extend the curb-
ing from the approach for at least the length of the required deceleration distance
to the roundabout.

6.8.5.3 Splitter Islands

Another effective cross-section treatment to reduce approach speeds is to use
longer splitter islands on the approaches (24). Splitter islands should generally be
extended upstream of the entrance line to the point at which entering drivers are
expected to begin decelerating comfortably. A minimum length of 200 ft (60 m) is
recommended for high-speed approaches (24). Exhibit 6-69 provides a diagram of
such a splitter island design. The length of the splitter island may differ depend-
ing upon the approach speed. The use of flatter and longer tapers in advance of
the splitter islands also provides additional visual cues to drivers of a change in
roadway environment. The design of the roundabout entry can also provide
visual cues to drivers, in that the entry curves from the splitter island block the
view of the central island as drivers approach the roundabout.

Comfortable deceleration
per AASHTO
200 ft (60 m) or more desirable
100 ft (30 m) minimum

Normal edge
of pavement

= -

£
— A__;/’\‘}:

Curb

6.8.5.4 Approach Curves

Roundabouts on high-speed roads [speeds of 50 mph (80 km/h) or higher],
despite extra signing efforts, may not be expected by approaching drivers, resulting
in erratic behavior and an increase in single-vehicle crashes. Good design encour-
ages drivers to slow down before reaching the roundabout, and this can be most
effectively achieved through a combination of geometric design and other design
treatments (see Chapter 7). Where approach speeds are high, speed consistency on
the approach needs to be addressed to avoid forcing all of the reduction in speed to
be completed through the curvature at the roundabout.

The radius of an approach curve (and subsequent vehicular speeds) has a direct
impact on the frequency of crashes at a roundabout. A study in Queensland,
Australia, has shown that decreasing the radius of an approach curve generally
decreases the approaching rear-end vehicle crash rate and the entering—circulating

Extended splitter islands
are recommended at
rural locations.

Exhibit 6-69
Extended Splitter
Island Treatment

A series of progressively
sharper curves on a high-speed
roundabout approach helps
slow traffic to an appropriate
entry speed.
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Exhibit 6-70
Use of Successive Curves
on High-Speed Approaches

Right-turn bypass lanes can
be used in locations with
minimal pedestrian and bicycle
activity to improve capacity
when heavy right-turning
traffic exists.

and exiting—circulating vehicle crash rates (see Chapter 5). On the other hand,
decreasing the radius of an approach curve may increase the single-vehicle crash
rate on the curve, particularly when the required side-friction for the vehicle to
maintain its path is too high. This may encourage drivers to cut across lanes and
increase sideswipe crashes on the approach (3).

One method to achieve speed reduction that reduces crashes at the round-
about while minimizing single-vehicle crashes is the use of successive curves on
approaches. The Queensland study found that by limiting the change in 85th-
percentile speed on successive geometric elements to approximately 12 mph
(20 km/h), the crash rate was reduced. It was found that the use of successive
reverse curves prior to the roundabout approach curve reduced the single-vehicle
crash rate and the sideswipe crash rate on the approach. It is recommended that
approach speeds immediately prior to the entry curves of the roundabout be lim-
ited to approximately 35 mph (60 km/h) to minimize high-speed rear-end and
entering—circulating vehicle crashes.

Exhibit 6-70 shows a typical rural roundabout design with a succession of three
curves prior to the entrance line. As shown in the exhibit, these approach curves
should be successively smaller radii in order to minimize the reduction in design
speed between successive curves. The aforementioned Queensland study found
that shifting the approaching roadway laterally by approximately 23 ft (7 m) usu-
ally enables adequate curvature to be obtained while keeping the curve lengths to a
minimum. If the lateral shift is too small, drivers are more likely to cut into the
adjacent lane (3).

Broad radius
R>660 ft (200 m)

Entry radius

— 23ft(7m)

Moderate radius

6.8.6 RIGHT-TURN BYPASS LANES

At locations with a high volume of right-turning traffic, a right-turn bypass
lane may allow a single-lane roundabout to continue to function acceptably and
avoid the need to upgrade to a multilane roundabout. Extending the life of the
single-lane roundabout is desirable given the stronger safety performance in com-
parison to multilane roundabouts due to the smaller size and slower speeds that
are achieved.

A right-turn bypass lane (or right-turn slip lane) should be implemented only
where needed, especially in urban areas with bicycle and pedestrian activity. The
entries and exits of bypass lanes can increase conflicts with bicyclists and with
merging on the downstream leg. The generally higher speeds of bypass lanes and
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the lower expectation of drivers to stop may increase the risk of collisions with
pedestrians. They also introduce additional complexity for pedestrians with
visual impairments who are attempting to navigate the intersection. However,
in locations with minimal pedestrian and bicycle activity, or where bicycle and
pedestrian concerns can be addressed through design, right-turn bypass lanes
can be used to improve capacity when heavy right-turning traffic exists.

The provision of a right-turn bypass lane allows right-turning traffic to bypass
the roundabout, providing additional capacity for the through and left-turn move-
ments at the approach. Bypass lanes are most beneficial when the demand of an
approach exceeds its capacity and a significant proportion of the traffic is turning
right. However, it is important to consider the reversal of traffic patterns during
the opposite peak time period. In some cases, the use of a right-turn bypass lane
can avoid the need to build an additional entry or circulatory lane. To determine
if a right-turn bypass lane should be used, the capacity and delay calculations
in Chapter 4 should be performed. Right-turn bypass lanes can also be used in
locations where the geometry for right turns is too tight to allow trucks to turn
within the roundabout. Exhibit 6-71 shows examples of right-turn bypass lanes.

Exhibit 6-71
Examples of Right-turn
Bypass Lane

(a) Avon, Colorado

(b) Keene, New Hampshire
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Right-turn bypass lanes can
merge back into the main exit
roadway or provide a yield-
controlled entrance onto

the main exit roadway.

Exhibit 6-72
Configuration of Right-turn
Bypass Lane with
Acceleration Lane

Exhibit 6-73
Configuration of Right-turn
Bypass Lane with Yield

at Exit Leg

There are two design options for right-turn bypass lanes. The first option, shown
in Exhibit 6-72 (full bypass), is to carry the bypass lane parallel to the adjacent exit
roadway, and then merge it into the main exit lane. Under this option, the bypass
lane should be carried alongside the main roadway for a sufficient distance to allow
vehicles in the bypass lane and vehicles exiting the roundabout to accelerate to com-
parable speeds. The bypass lane is then merged at a taper rate according to AASHTO
guidelines for the appropriate design speed. The second design option (partial
bypass) for a right-turn bypass lane, shown in Exhibit 6-73, is to provide a yield-
controlled entrance onto the adjacent exit roadway. The first option provides better

Acceleration Taper length
length based on AASHTO guidelines

EnE— !

Yield to exiting traffic
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operational performance than the second. However, the second option generally
requires less construction and right-of-way than the first.

The option of providing yield control on a bypass lane is generally better for
bicyclists and pedestrians and is recommended as the preferred option in urban
areas where pedestrians and bicyclists are prevalent. Acceleration lanes can be
problematic for bicyclists because they can be caught between two merging streams
of motor vehicles. In addition, yield control at the end of a bypass lane tends to slow
motorists down, whereas an acceleration lane at the end of a bypass lane tends to
promote higher speeds. For both types of bypass lanes, it may sometimes be possi-
ble to develop the right-turn-only lane well in advance of the intersection and place
a through bicycle lane to the left of the right-turn-only lane, similar to the standard
design for conventional intersections. This would make the presence of a right-turn
bypass lane less challenging for bicyclists.

The radius of the right-turn bypass lane should not be significantly larger than
the radius of the fastest entry path provided at the roundabout. This will ensure that
vehicle speeds on the bypass lane are similar to speeds through the roundabout,
resulting in safe merging of the two roadways. A small radius also offers greater
safety for pedestrians who must cross the right-turn slip lane.

Instead of providing a full bypass lane, another option is to provide a
partial bypass by introducing a small vane island (gore striping), as illustrated in
Exhibit 6-74. The vane island may be painted or raised, depending upon the dimen-
sions of the islands. Note that additional care must be provided in the design of an
entry with two adjacent lanes. Additional design details are provided in Section 6.5.

Exhibit 6-74
Exclusive Right-Turn
Lane Designs

Splitter island
blocks the

through path
to emphasize
right-turn only

Splitter island
blocks the

through path
to emphasize
right-turn only

Painted gore
striping (optional)
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Exhibit 6-75
Sample Central Island Profile

6.8.7 VERTICAL CONSIDERATIONS

Components of vertical alighment design for roundabouts include profiles,
superelevation, approach grades, and drainage. Vertical design should account for
the likelihood of large truck overturning or load shifting, which can sometimes be
induced by excessive cross slopes. While these types of incidents account for few
personal injury crashes per year, they can produce property damage and create
delay and congestion while the intersection is cleared. Many factors can contribute
to truck overturning, and both horizontal and vertical design components
contribute simultaneously.

6.8.7.1 Profiles

The vertical design of a roundabout begins with the development of the
approach roadway and central island profiles. The development of each profile is
an iterative process that involves tying the elevations of the approach roadway
profiles into a smooth profile around the central island.

Each approach profile should be designed to the point where the approach
baseline intersects with the central island. A profile for the central island is then
developed that passes through these four points (in the case of a four-legged
roundabout). The approach roadway profiles are then readjusted as necessary to
meet the central island profile. The shape of the central island profile is generally
in the form of a sine curve. Examples of how the profile is developed can be found
in Exhibit 6-75, which consist of a sample plan, profiles on each approach, and a
profile along the central island, respectively. Note where the four points of the
approach roadway baseline are identified on the central island profile.

In addition to the approach and central island profiles, creating an additional
profile around the inscribed circle of the roundabout and/or along outer curbs

Baseline for
B Street Profile

Baseline for
Central Island
Profile

A Street

A Street

Baseline for
A Street Profile

® Match point for profile exhibits
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may also be beneficial to the engineer, reviewers, and contractor. The combination
of the central island, inscribed circle, and curb profiles allows for quick verifica-
tion of cross slopes and drainage and provides additional information to contrac-

tors for staking out the roundabout.

6.8.7.2 Single-Lane Roundabout Circulatory Roadway

As a general practice, a cross slope of 2% away from the central island should
be used for the circulatory roadway on single-lane roundabouts. This technique of
sloping outward is recommended for four main reasons:

1. It promotes safety by raising the elevation of the central island and
improving its visibility,
2. It promotes lower circulating speeds,

3. It minimizes breaks in the cross slopes of the entrance and exit lanes, and

4. It helps drain surface water to the outside of the roundabout (3, 25).

Exhibit 6-75 (cont.)
Sample Central Island Profile

Negative superelevation (-2%)
should generally be used for
the circulatory roadway.
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The outward cross-slope design means vehicles making through and left-turn
movements must negotiate the roundabout at negative superelevation. Excessive
negative superelevation can result in an increase in single-vehicle crashes and loss-
of-load incidents for trucks, particularly if speeds are high. However, in the inter-
section environment, drivers will generally expect to travel at slower speeds and
will accept the higher side force caused by reasonable adverse superelevation (24).

6.8.7.3 Multilane Roundabout Circulatory Roadway

There are a variety of possible methods for the vertical design of a circulatory
roadway within a multilane roundabout. However, two primary methods are
typically used: outward sloping and crowned circulatory roadways:

Outward sloping. This is the most common type of vertical design for round-
abouts in the United States. The circulatory roadway is graded independently of
the rest of each approach, with the circulatory roadway outward draining with a
grade of 1.5 to 3%. This is most practical in relatively flat terrain, as hilly terrain
may require warping of the profile and possibly an alternative vertical design.

Crowned circulatory roadway. The circulatory roadway is crowned with approx-
imately two-thirds of the width sloping toward the central island and one-third
sloping outward. This may alternatively be reversed so that half of the circulatory
roadway slopes toward the central island. The maximum recommended cross
slope is 2%. Asphalt paving surfaces are recommended under this type of applica-
tion to produce a smoothed crown shape. This method is primarily intended for
consideration at multilane roundabouts. Other vertical design options include:

e Existing grade lines (non-planar). It is often desirable to use the existing
ground elevation, to the extent possible, to reduce overall changes in ver-
tical profile. At the intersection of two major roadways, this may result in
two crown lines crossing one another, with the circulating roadway warp-
ing between the crown lines to provide the drainage. This is no different
from a major signalized crossroad. However, it can affect driver comfort
and lane discipline through the roundabout.

e Tilted plane. This method allows the existing road grade line to be main-
tained. An example is where two roadways currently cross with 2%
grade on Road A and 3% grade on Road B. The roundabout should be
designed as a plane surface sitting on those two grade lines. The uphill
sides of the circulating roadway would have inward slopes of +2% and
+3% respectively, with the downhill sections having (negative) crossfalls
of -2 and —-3%. The section with the steepest crossfall could be modified
slightly so that no slope exceeded —2.5%.

*  Folded plane. The folded plane is a similar concept to the tilted plane, where
one direction follows the ruling grade and the crown line of one of the roads.
The plane of the circulating roadway is folded about the grade line of the
road. The ruling grade line can be flat through to about 10%. In a flat area,
the two folded planes would typically have a grade differential of 4 to 5%.

6.8.7.4 Truck Aprons

Exhibit 6-76 and Exhibit 6-77 provide typical sections for roundabouts with a
truck apron. Where truck aprons are used, the slope of the apron should generally
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be no more than 2%; greater slopes may increase the likelihood of loss-of-load
incidents. Within the United States, truck aprons are commonly sloped toward
the outside of the roundabout. However, some locations have also implemented
roundabouts with truck aprons sloped inward (toward the central island) to mini-
mize water shedding across the roadway and to minimize load shifting in trucks.
Agencies using this strategy report that additional catch basins were provided
along the edge of the central island to collect water and pipe it under the circula-
tory roadway to connect in with the drainage system along the roundabout
periphery.

The vertical design of the truck apron should be reviewed to confirm that
there is sufficient clearance for low-boy type trailers, some of which may have
only 6 to 8 in. between the roadway surface and bottom of the trailer. The vertical
clearance can be reviewed by drawing a chord across the apron in the position
where the trailer would sweep across. In some cases the warping of the profile
along the circulatory roadway can create high spots that could cause trailers to
drag or scrape along the truck apron.

Between the truck apron and the circulatory roadway, a curb is required to
accommodate a change in vertical elevation. As shown in Exhibit 6-76 and Exhibit
6-77, the truck apron elevation should be higher than the circulatory roadway to
discourage passenger vehicles from using the apron. A variety of different curb
shapes are currently used throughout the United States to meet the needs of indi-
vidual state agency specifications and needs. To discourage passenger car use of
the apron, a curb shape with a 2 to 3 in. vertical reveal and then sloped top has
historically been common practice. However, concerns regarding truck tires rub-
bing against the vertical face of the curb and maintenance issues with snow plow-
ing have caused some agencies to use a modified sloping curb type that contains
no vertical component. Several examples of these sloping curb shapes are illus-
trated in Exhibit 6-78.
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Exhibit 6-76
Typical Section with a
Truck Apron

Exhibit 6-77
Typical Section with Crowned
Circulatory Roadway
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Exhibit 6-78

Examples of Sloping Truck
Apron Curb Shapes Used in
the United States

Avoid locating roundabouts in
areas where grades through
the intersection are greater
than 4%.
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6.8.7.5 Locating Roundabouts on Grades

It is generally not desirable to place roundabouts in locations where grades
through the intersection are greater than 4%, although roundabouts have been
installed on grades of 10% or more. Installing roundabouts on roadways with
grades lower than 3% is generally not problematic (25). At locations where a con-
stant grade must be maintained through the intersection, the circulatory roadway
may be constructed on a constant-slope plane. This means, for instance, that the
cross slope may vary from +3% on the high side of the roundabout (sloped toward
the central island) to —3% on the low side (sloped outward). Note that the central
island cross slopes will pass through a level at a minimum of two locations for
roundabouts constructed on a constant grade.

Care is needed when designing roundabouts on steep grades. On approach
roadways with grades steeper than —4%, it is more difficult for entering drivers to
slow or stop on the approach. At roundabouts on crest vertical curves with steep
approaches, a driver’s sight lines may be compromised, and the roundabout may
violate driver expectancy. However, under the same conditions, other types of
at-grade intersections often will not provide better solutions. Therefore, the
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roundabout should not necessarily be eliminated from consideration at such a
location. Rather, the intersection should be relocated or the vertical profile
modified, if possible.

Grades in the vicinity of a roundabout need to reflect the terrain of the
area. Roundabouts in hilly areas can be expected to have steeper grades on
approaches, departures, and on the circulatory roadway. Steep gradients at
entries and exits should be avoided or flattened at the roundabout approaches.
Care must be taken by the engineer to ensure that the user is able to safely enter
and exit the circulatory roadway. This area requires pavement warping or cross
slope transitions to provide an appropriate cross slope transition rate through
the entire transition area. Care must also be taken with grading of the vertical
profile to ensure that adequate sight distance is provided for the intersection
and entry.

Entry grade profiles (approximately two car lengths from the outer edge of
the circulatory roadway) should not exceed 3%, with 2% being the desirable max-
imum. It is desirable to match the exit grades and the entry grades; however, the
exit grade may be steeper but should not exceed 4%. Adjustments to the circula-
tory roadway cross slope may be required to meet these criteria but should be
balanced with the effects on the circulatory roadway (7).

6.8.7.6 Drainage

With the circulatory roadway sloping away from the central island, inlets will
generally be placed on the outer curb line of the roundabout. Inlets can usually
be avoided on the central island for a roundabout designed on a constant grade
through an intersection. As with any intersection, care should be taken to ensure
that low points and inlets are placed upstream of crosswalks.

6.8.8 MATERIALS AND DESIGN DETAILS
6.8.8.1 Curb Types

A generally vertically faced curb, typically 6 in. (150 mm) high, is recom-
mended around the outside of the roundabout, the central island, and the splitter
islands since one of the important elements of these features is to force deflection
in vehicles traveling through the roundabout. If the curb is considered to be tra-
versable by drivers, this effect may be lessened. A vertically faced curb on the
approach and in the splitter island also provides better protection for the pedes-
trian. However, most roundabouts must also be designed to accommodate large
trucks. Additional detail on curb types around the edge of the truck apron is
provided in Section 6.8.7 4.

6.8.8.2 Circulatory Roadway Pavement Type

Asphalt concrete and Portland cement concrete pavements have been used
for construction of roundabouts throughout the United States. The majority of
roundabouts, both domestic and internationally, use asphalt concrete paving.
The decision of whether to use asphalt concrete or Portland cement concrete will
depend on local preferences and the pavement type of the approach roadways.
Portland cement concrete generally has a longer design life and holds up better
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Exhibit 6-79
Example Concrete Jointing
Patterns

under truck traffic. However, few agencies have reported problems with rutting
on well-constructed asphalt concrete pavement.

Constructability is also a consideration in choosing pavement type. Construc-
tion of a roundabout under traffic is typically easier when using asphalt concrete
pavement. It is also typically easier to construct a smooth crown line using asphalt
concrete if the circulatory roadway is crowned.

If Portland cement concrete pavement is used, joint patterns should be con-
centric and radial to the circulating roadway within the roundabout. Ideally the
joints should not conflict with pavement markings within the roundabout,
although concrete panel sizes may control this. On multilane roundabouts, cir-
cumferential joints within the circulating roadway should follow the lane edges to
the extent practical. Specifications for jointing and dowel details tend to vary by
location, and the local jurisdiction should be consulted for requirements. Addi-
tional information and publications regarding jointing are available from the
American Concrete Paving Association (30). Example jointing plans are shown
in Exhibit 6-79 and Exhibit 6-80.

Source: Kansas Department of Transportation

Cracking has been found to be a problem in some Portland cement concrete
roundabouts, particularly around the outside of the circulating roadway in the
vicinity of the outside curbs and splitter islands, so special care needs to be taken
to provide the necessary relief. One possible option is to isolate the circulating
roadway with an expansion joint and construct special monolithic sections in
key areas.
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Exhibit 6-80
Example Concrete Jointing
Patterns

Source: Kansas Department of Transportation

6.8.8.3 Truck Apron Material

For the truck apron, concrete pavement or concrete with a brick paver surface
is commonly used. Other options include using large [4 in (100 mm)] river rocks
embedded in concrete that can be traversed by trucks but are uncomfortable for
smaller vehicles or pedestrians. A geogrid-type material can also be used to pro-
vide a more landscaped appearance but hold up to occasional encroachment by
large trucks. The material used for the truck apron should be selected so as to not
look like the sidewalk. This will help to keep pedestrians off the truck apron and
central island. If the truck apron is constructed under traffic, high early strength
concrete should be used to minimize the amount of down time for the intersection.

6.8.8.4 Material Selection

Visibility of the various design elements through variations in material, color,
and/or texture should be considered in the selection of materials for splitter island
curbs and outside curbs, pavement, and truck apron. Curbs should be of a material
or color that contrasts with the pavement material to provide adequate visibility to
approaching drivers. For example, the use of standard concrete curbs adjacent to
concrete pavement may not allow a driver to easily discern the location of the
curbs and the geometric curvature of the entry to the roundabout on approach.

The use of enhanced delineation adjacent to the curb (by use of additional
markings, reflectors, and other markers) may also be applied where contrasting
materials cannot be used. However, these types of supplemental delineators are
typically less desirable due to maintenance requirements.
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Closely spaced roundabouts
may have a traffic calming
effect on the major road.

Exhibit 6-81
Examples of Closely Spaced
Roundabouts

6.9 CLOSELY SPACED ROUNDABOUTS

It is sometimes desirable to consider the operation of two or more round-
abouts in close proximity to each other. In these cases, the expected queue length
at each roundabout becomes important. Exhibit 6-81(a) presents an example of
closely spaced T-intersections. The engineer should compute the 95th-percentile
queues for each approach to check that sufficient queuing space is provided for
vehicles between the roundabouts. If there is insufficient space, then drivers will
occasionally queue into the upstream roundabout and may cause it to lock.

Closely spaced roundabouts may improve safety by calming the traffic on the
major road. Drivers may be reluctant to accelerate to the expected speed on the
arterial if they are also required to slow again for the next close roundabout. This
may benefit nearby residents.

Roundabouts may also provide benefit for other closely spaced intersections.
Short delay and queuing for vehicles at roundabouts allow for tighter spacing of

(a) France

(b) Livingston County, Michigan
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intersections without providing a significant operational detriment to the other
intersection, provided that adequate capacity is available at both intersections.
Exhibit 6-81(b) illustrates two closely spaced roundabouts at an interchange ramp
and nearby frontage road. The two roundabouts work together as a system to
effectively serve the traffic demands. Due care must be given to a system of round-
abouts with this complexity to ensure that the design objectives are met, that each
approach leg has sufficient capacity, and that the lane numbers and arrangements
work together to allow a driver to intuitively navigate the intersection without lane
changes or weaving.

6.10 INTERCHANGES

Freeway ramp junctions with arterial roads are potential candidates for use of
roundabouts at the ramp terminals. This is especially so if the subject interchange
typically has a high proportion of left-turn flows from the off-ramps and to the on-
ramps during certain peak periods, combined with limited queue storage space
on the bridge crossing, off-ramps, or arterial approaches. In such circumstances,
roundabouts operating within their capacity are particularly suited to solving
these problems when compared with other forms of intersection control.

6.10.1 DIAMOND INTERCHANGE

The most common type of interchange that incorporates roundabouts is a
standard diamond interchange with a roundabout at each side of the freeway (see
Exhibit 6-82 and Exhibit 6-83). A bridge is used for the crossroad over the freeway
or for a freeway to cross over the minor road. Again, two bridges may be used
when the freeway crosses over the minor road.

The use of two roundabouts at the ramp terminals provides some advantages
over the single-point interchange. The use of two roundabouts offers flexibility in
locating the ramp terminal intersections to minimize affects on retaining wall
structures and improve the ramp geometry approaching the roundabout. It may
also provide greater flexibility for adding lanes to the roundabout at a later date to
increase the interchange capacity.

Source: Adapted from Arizona Department of Transportation (31)
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Exhibit 6-82
Conceptual Diamond
Interchange

Chapter 6/Geometric Design Page 6-91



Roundabouts: An Informational Guide

Exhibit 6-83
Conceptual Diamond
Interchange with
Frontage Roads

Diamond interchanges using
roundabouts at the terminals
have been successfully used
to defer the need for bridge
widening.

Exhibit 6-84
Example of Interchange with
Circular Central Islands

-/

—

Source: Arizona Department of Transportation (31)

This interchange form has been used successfully in some cases to defer the
need to widen bridges. Unlike signalized ramps that may require exclusive left-
turn lanes across the bridge and extra queue storage, this type of roundabout
interchange exhibits very little queuing between the intersections since these
movements are almost unopposed. Therefore, the approach lanes across the

bridge can be minimized.

The actual roundabouts can have two different shapes or configurations. The
first configuration is a conventional one with circular central islands. This type
of configuration is recommended when it is desirable to allow U-turns at each
roundabout or to provide access to legs other than the cross street and ramps.

An example is shown in Exhibit 6-84.

Wisconsin
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The second configuration uses raindrop-shaped central islands that preclude
some turns at the roundabout; examples are shown in Exhibit 6-85 and Exhibit 6-86.
This configuration is best used when ramps (and not frontage roads) intersect at the
roundabout. A raindrop central island can be considered to be a circular shape
blocked at one end. In this configuration, a driver wanting to make a U-turn has to
drive around both raindrop-shaped central islands. The raindrop configuration has
an advantage in that it makes wrong-way turns into the off-ramps more difficult
and removes excess pavement on the circulatory roadway that would only service
U-turn maneuvers. In doing so, it also removes the yielding condition on the leg
coming from the upstream roundabout, which virtually eliminates the likelihood
of queuing between the ramp terminals. On the other hand, the lack of operational
consistency with other roundabout entries (where one entry is not required to yield)
is one of the primary concerns causing some engineers to advocate the use of a con-
ventional roundabout shape over the raindrop shape. In addition, if a raindrop-
shaped roundabout is designed poorly, drivers may be traveling faster than they
should to negotiate the next roundabout safely.

Carmel, Indiana

Avon, Colorado
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Raindrop central islands make
wrong-way movements more
difficult, but require navigating
two roundabouts to make a
U-turn.

Exhibit 6-85

Example of a Compact Inter-
change with Raindrop-Shaped
Central Islands

Exhibit 6-86

Example of Interchange
with Raindrop-Shaped
Central Islands
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6.10.2 SINGLE-POINT DIAMOND INTERCHANGE

Another type of diamond interchange is a single-point diamond interchange.
This incorporates a single large-diameter roundabout centered over or under a
freeway. The ramps connect directly into the roundabout, as do the legs from the
crossroad. This is illustrated in Exhibit 6-87.

Exhibit 6-87
Single-Point Diamond Inter-
chang