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SUMMARY

As the modern roundabout continues to grow in popularity within the United
States, more states are considering or implementing statewide roundabout programs and
policies.The growth in the number of roundabouts in the United Statesggilyadue to
the safety and operations benefits associated with the use of roundabouts.

To assist states with the implementation of statewtdmdabout programs and
policies, an analytical review of statewide roundabout pmogr and policies was
conductedthrough an examination of literature, interviews, and data pertaining to the
construction of roundabouts.

The roundabout policy type for each state and the District of Columbia was
located, and assigned to a roundabout policy type based on the stretigthdantified
policy type In addition a series of per capita analysetthe statewide roundabout
policies was performeda was a qualitative SWOT (Strengths, Weaknesses,
Opportunities and Threats) anasys

The results of the analysis show that ttrerggth of a statewide roundabout policy
is correlated to the number of roundabouts in a state, and states should consider
implementing or strengthening their policies if they seek to expand the use of
roundabouts in their jurisdiction. In addition, theqaption of roundabouts, both hyet
general public and internab the state DOTs also continues to hinder tHerther
implementation of roundaboyt&ind education should be utilized to minimize these
obstacles. Furthermore, states should utilize ideetf successful implementation
procedures, and should be cognizant of reasons for implementation, fsldhey pursue

the further use of roundabouts by their agency.
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CHAPTER 1

INTRODUCTION

1.1  Study Overview

With approximately 2,000 roundabouts currently in openaitiothe United States
and Canada, and close to two decades of experi#recejodern roundabout has become
an important strategy for improving the performance of the transportation system
North America(1). However, the imfgmentation of roundabouts in the United States has
not occurred at anywhere near fzne degree as found internationally.

While the first oneway traffic circle was built in the United States at New York
Ci t gofurmbus Circle in 1905, traffic circles the United States fell out of favor in the
1950s due to serious operational and safety problems. In the 1950s, the Uniahiing
began experimentingi t h-sidéf priorityo in which enter
circulating vehicles. Research by tR®mad Research Laboratory (now the Transport
Research Laboratory) showed increases in capacity, reductions in delay, and a decrease in
injury accidents due to the implementation otsiffe priority(2). Consequently, of§ide
priority (yield on entry)was officially adopted for roundabouts in the United Kingdom in
1966, and the modern roundabout was created.

Even though roundabouts had been successfully implemented worldwide since
their introduction in the United Kingdom, #vas not until the late 1980s, with
roundabouts in Colorado and Nevada, that they were introduced to the United Btates
(3) (4). Since then, due in large part to theagishment of roundabout policies and
programs by state and local government that have defined the specific contexts within
which roundabout designs are appropridtee construction of roundabouts in the United

1



States hasncreased dramatically (sd@gure 1), with many more roundabout designs

currently underways).
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Figure 1. Cumulative number of roundabouts in the United States by year
constructed (6)

The purpose of this research is to assess the status of statewide roundabout
programs and policies in the United States in an attempt to identify the current state of the
practice for roundabout policies and programs. This information helpgifydehe
strengths, weaknesses, opportunities and threats associated with current statewide
policies and programs. The research specifically examines successful roundabout
implementation strategies.

Chapter 2 summarizes the literature on roundabout pelene programs, and
briefly touches on organizational change and implementation procedures. Chapter 3

presents a summary of current statewide roundabout poliiepter 4 presents the data



collection methodologyChapter5 presents the methodology utédid; and Chapte6
presents the analysis and results of this research. Chaptevides conclusions and

recommendations.



CHAPTER 2

LITERATURE REVIEW

In order to provide a context and basic understanding of roundabouts, the
literature summarized in this chaptaiovides a concise history of roundabouts in the
United States, the reasons for the growth in the number of roundabouts, and the
development of roundabout policies and programs. Furthermore, this chapter synthesizes
available research on roundabout policged programs, and provides a brief examination
of organizational change and implementation research in the context of the transportation
system.

For purposes of this thesis, the following definitions are used:

1 Statewide Roundabout Program A statewide iniiative overseen by
personnel within the stateds depart me
planning, engineering and designonstruction and maintenance, public
outreach and education, and research of roundaboutsstate€’).

1 Statewide Roundabout PolicyA deliberate and enforceable statewide plan of
action to guide decisions pertaining to the construction of roundabouts in the
state

1 The termgoundabout andmodern roundabout are used interchangeably

2.1  Introduction t o the Modern Roundabout
The modern roundabout is essentially an
designed for safe and efficient operation. It is defined by three distinguishing

characteristic$8):



1. They are generallgircular in shape,
2. They have geometric features to slow traffic passing through the intersection,
and

3. They are always yield controlled for the motorist entering the roundabout.

2.1.1 Roundabout Growth in the United States

As displayed inFigure 2, the cumulative number of roundabouts has increased
dramaticallysince their introduction to the United States. It is estimated that as of April
2010, over 2,000 roundabouts have been built in the United St{&eslowever,
roundabouts have not been built uniformly across the United States. As displayed in
Figure 2, which shows the growth of roundabouts per state in the United States since
1990, several states stand out as leadetlarcastruction of roundabouts, including
Washington, California, Colorado, Florida, North Carolina, Virginia, and Marylaadh
of these states hanhore than 50 roundabouts as of 2007, according to a database

maintained by Kittelson & Associates, Ir{t0)
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Figure 2. Growth of roundabouts per state since 199Q11).



In general, the states with the highest number of roundabouts were also early
adopters of roundaboutsoldever, several notable exceptions include Virginia and North
Carolina. Virginia is particularly notable because in 2002 Goenmonwealth had no
roundabouts in the database, whereas by 2007, over 50 roundabouts had been
constructed. This is in direct coast to Nevada where a roundabout was first built in

1990, and by007,the state had fewer thd 5 roundabouts

2.2  Roundabout Benefits
Compared to other intersection types, roundabouts often pronjgtevedsafety

and operational benefits. A brief discussanthese benefits is provided below.

2.2.1 Safety
In 2007, the National Cooperative Highway Research Program (NCHRP) Report
572:Roundabouts in the United Sta{83 confirmed earlier findings that showesbuced
crash rates at intgections converted to roundabo(i2). In general, this report found
that , Aroundabouts have i mproved both over
rates in a wide range of settings (urban, suburban, and rura)l forevious forms of
traffic control except for allvay stop control, for which no statistically significant
di fference c(8)uTade 1 digplays thel change in crash rates after the

conveasion to a roundabout as presented in NCHRP 572.



Table 1. Change incrash ratesafter conversion to aroundabout (8)

Change in Total Change in Severe
Intersection Type Crashes After Injury Crashes After
Conversion Conversion

All Four -Way Intersection -35% -76%
Signalized Urban Too Few -60%
Signalized Suburban -67% Too Few
All-Way Stop Controlled Similar Similar
Two-Way Stop Controlled Urban -72% -87%
Two-Way Stop Controlled -3004 71%
Suburban
Two-Way Stop Controlled Rural -29% -81%

As an example of how one state considers the safety aspects of roundabouts, the
Maryland State Highway Administration (SHA) has used expected safety benefits to
justify many of the initial roundabouts constructedhe statg13). A 2006 SHA report
on 19 singldane roundabouts that V&been in service for three to five years reported a
68% decrease in the total crash rate, a 100% decrease in the fatal crash rate, an 86%
reduction in tke injury crash rate, and a 40% reduction in the progiatgageonly crash
rate at these locationd4). Additionally, a benefit/cost analysis revealed that safety

benefits resulted in an approximate $13.00 return for evelgrdgdent on roundabouts.

2.2.2 Operations

A roundabout typically experiences significantly less delay than a signalized
intersection having comparable traffic volumes. As showRigure 3, at signal warrant
volume thresholds found ithe Manual of Uniform Traffic Control Devices (MUTCY
vehicle at a roundabout experiences approximately 12 seconds less delay as compared to
at a traffic signal with similar turning volumé&8). In addition, drivers in theJnited

States appear to use roundabouts less efficiently than in other countries, making it likely



that as drivers in the United States become more familiar with roundabouts, operations

will continue to improve8).
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Figure 3. MUTCD signal warrant volume threshold (8) (Based on MUTCD 2000
edition, Warrant 3).

2.2.3 Issues with Roundabouts

2.2.3.1General Acceptance

Although the safety and operational benefits of roundabouts are welheéated,
some states have been slow to build round
construction of roundabouts] is the negative perception held by some drivers and elected
of f i c(9) avhichoh a s been t er tne dan R {9 tAy dhas bbean
demonstrated on countless occasions, the public will usually have a negative opinion of

roundabouts prior to the installation of the first roundabout in a jurisdictdrhaving



roundabouts(16) However, as displayed iRigure4, after construction of a roundabout,

the public attitude towards roundabouts tends to shift from negative to positive.

Public Attitude Towards Roundabouts

(Before and After Construction)

45% 1 = Before
a0% - After |
35% - .

30%

25% - -

20%

15% |~

10%

5%

0% l | - :

Very Negative Neutral Positive Very
Negative Positive

Figure 4. Public attitude towards roundabouts (before and after constructionj16)

2.2.3.2Suitability

Similar to other intersection types, roundabouts are not suitable in a number of
locations. According to thEansas Roundabout Guidextra caution shoulde exercised
when considering roundabouts at the followipges oflocations(17):

1 Intersections in close proximity to a signalized intersection where queues may

spill back into the roundabout.

1 Intersections located within@ordinated arterial signal system.

1 Intersections with a heavy flow of through traffic dve tmajor street opposed

by reldively light traffic on the minor street.

1 Intersections with physical or geometric complications.



1 Locations with steep grades and awdrable topography that may limit
visibility and complicate construction.

1 Intersections with heavy bicycle volumes.

1 Intersections with heavy pedestrian volumes.

As stated in th&kansas Roundabout Guidether traffic control devices would

also be problenta at many of the locations listed above.

2.2.3.3Cost

In addition cost considerations also play a role in impeding the growth of
roundabout constructiomn general, roundabouts tend to cost more than a signalr sto
controlled alternative. Congaently, it @an be difficult to convince public agencies to
implement roundabouts when another alternative is capable of operating effectively as
well. Most jurisdictions now complete a lifgycle cost analysis for the roundabout and
the other alternatives instead omply comparing the capital costs. When the safety
benefits of a roundabout are included in the analysis, a roundabout tends to become a
more attractive alternative. Additionally, in certain locations where bridge widening or
other road widening would havéeen necessary under a signalized alternative,

roundabouts have proven to be a much cheaper alterfative

2.2.3.4Visually-Impaired Pedestrians

Concerns have been raised about the accessibility of roundabouts to persons with
severe visual impairment€l8). In particular, the United States Access Board (Access
Board) has found that pedestrian crossings at multilane roundabout entries and exits are
not accessible to people with disabilitid®) as required under Title 1l of the American

with Disabilities Act (ADA), and other statut€20). This is becauseisually-impaired
10



pedestrians have to rely on auditory cues to make crossing decisionsrsgctions.
With freeflow exit lanes, and yieldontrolled entry lanes, plus the ambient noise and
uninterrupted flow in the nearby circulatory roadway, it can be difficult for visually
impaired pedestrians to detect appropriate crossablg2Bps
A literature review(21) by Dr. Schroeder at the Institute for Transportation
Research and Education at North Carolina State University (ITRE) revealed that
roundabout facilities pose serious crossthificulties (22), and that crossing becomes
increasingly difficult as the conflicting vehicular volume increa¢23). Moreover,
roundabout exit legs are more problematic for pedestrians thanegg(24).
Consequently, the Access Board has pro
signal s (including accessible pedestrian
crosswal k, i ncludi ng ttilane rosndabduts withrprovidedl a n d o
pedestrian facilitie$25). Singlelane roundabouts are exempt from the pedessigmal
requirement because the Access Board found that roundabouts withlaimgg®ossings
can provide cuethat make notvisual use possible.
Furthermore, the Access Board has provided guidance regarding the type of
pedestriarcrossing signals recommended at roundabout pedestrian crd&shgs
Advisory R305.6.2 Signals. Therezanany suitable demand signals for
this application. Crossings at some roundabout intersections in Australia
and the United Kingdom incorporate such systems, in which the driver
first sees a flashing amber signal upon pedestrian activation and then a

solid red while the pedestrian crosses to the splitter island (there is no
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green). These types of signals are also used in some U.S. cities at
pedestrian crossings of arterial str

Concerns have also been raised about the cost of pedestriats $&§), and
increased delays to vehicular traffic at the roundaligilit Furthermore, the potential for
gueue spillback into the circulatory roadway due to the signalization of the exiaseg
been raised as an issue as W&d).

This proposed rule change, if implemented, has tiential to have a large
impact on the number of multilane roundabouts constructed in the United States. In
general, roundabouts tend @ave a higher initial cost compared to other intersection
alternatives(4). Accordingly, the requiremenfor pedestrian signals at all multilane
roundabout crossings has the potential to cause a proposed roundabout to bea®emed
costly (26). It is also possible that roundabouts will be built without pedestrian facilities

or as a singkane roundabout with a shorter design life to satisfy the proposed rule.

2.3  Programs
This subsection briefly proves a case study review of four statewide roundabout
programs, andlescribs the general themes and lessons learned from these four states.
The four statesKansas, Maryland, New York and Wisconswere selected for a more
detailed assessment of the fastdinat contributed to the successful implementation of
roundabouts in the stat€he states were selected based on the number of roundabouts
successfully implemented as well as professional judgment that these states were

considered by their peers as natibleaders.

12



231 St ateds Introduction to Roundabout s

The manner in which each state was introduced to roundabouts varies. For
instance, the Wisconsin Department of Transportation (WisDOT) was introduced to
roundabouts by WisDOT employees with roundabout eepee from other state DOTSs.

The Kansas Department of Transportation (KDOT) and New York State Department of
Transportation (NYSDOT) were introduced to roundabouts at technical conferences.
Maryl anddos SHA was introduced altadvocat®fornd a b ot
such treatments.

Each jurisdiction is similar in that a
promoting roundabouts during the early stages of the roundabout program. In Kansas, the
state traffic engineer was introduced to roundabatita conference, and became the
roundabout champion at KDOT. In Maryland, a concerned citizen played this role, and
gained the attention of the state traffic engineer and the state planning director through
one of the stateds Uyldd was then fast statesto ad@pi av e n  t
statewide roundabout program, it is instructive to learn more about the early stages of
acceptance within SHA.

Maryland adopted a statewide roundabout program after SHA determined a
roundabout was the preferred alteiva@ton an interchange proje¢27). However, a
Maryland Roundabout Task Force decided that a smaller dargderoundabout would
be more suitable for the first roundabout in the state, and consequently a location with a
significant number of crashdés many severé was identified.Due to a considerable
amount of community opposition and pressure, SHA agreed to install a temporary

roundabout, and vowed to remove it during the first six months if either the community
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did not adjst to the new fon of intersection control, at was not performing as SHA
officials anticipatedAfter three months, community members requested that SHA make
the roundabout permanent citing a considerable reduction in delay, and more importantly,
the peception of improved safety benef{).

SHA has since adopted a policy stating that roundabouts will be considered at all
intersections where improvements are being considered. This policy has led to one of the
largest numbeof roundabouts constructed on a state system in the country. Most of the
first rounddouts constructed by SHA were at low to meduotume sites with a high
crash record. All of these initial roundabouts are still in place today and have experienced
a vay low crash rate. SHA has since constructed roundabouts in a variety of settings
ranging from locations with low volume to high volume, and in rural, suburban and urban

settings(4).

2.3.2 Number and Location of Roundabouts

Table 2 displays the number of singlane, doubldane, and tripldane
roundabouts constructed and maintained by each of the states in this study. State DOT
representatives from each state said that they would like é¢otls® number of
roundabouts constructed per year increase. However, KDOT and Maryland SHA officials
projected the rate of roundabouts constructed per year to decrease in the near future due
to funding constraints and the pending Access Board decisiondestpan treatments at

multi-lane roundabouts.
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Table 2. Number of single-lane, double-lane, and triple-lane roundabouts
constructed andmaintained by jurisdiction as of May 2008

Constructed Maintained ?_'ngl‘:f Doubl2e~ Tr 'IO|63-
ane Lane Lane
Kansas 9 3 6 3 T
Maryland 65 65 43 29 xk
New York 44 32 26 18 0
Wisconsin 30 0 5 o5 1*

1. Indicates singiane entry on all approaches and one circulating lane in roundabout
2. Indicates doublane entry on at least one approach, aradinculating lanes
conflicting with at least one approach

3. Indicates tripldane entry on at least one approach, and three circulating lanes
conflicting with at least one approach

* Under construction

** Two double-lane roundabouts are being convertettiple-lane roundabouts

As seen inTable 2, the number of roundabouts constructed and maintained by
each jurisdiction varies, as does the proportion of sitagle roundabouts to multine
roundabouts. Furthermore, even inglhestablished roundabout programs, there are still

relatively few triplelane roundabouts. Of the jurisdictions interviewed, Maryland has the

oldest roundabout program (1993), and consequently has the most roundabouts (65) of

the programs reviewed.

As sea previously inFigure 1, the number of roundabouts constructed in the
United States has grown dramatically; however, the rate of new roundabouts constructed
per year is still relatively small. In the establishment of its roundgalpsogram,
Maryland put special emphasis on ensuring that the first roundabout constructed and
maintained by the state would be successful. Fifteen years after the construction of the
first state highway system roundabout, Maryland constructs four tedwralabouts per
year on average, with the largest number being ten roundabouts constructed(4).2002

As seen inTable 3, roundabouts have been constructed in a variety of land use

contexts. From aarban setting like the Towson roundabout in Maryland, to a$iged
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rural roundabout in Kansas with 65 mph approaches, roundabouts have been able to

operate with acceptable performance.

Table 3. Number of singlelane, doublelane, and triple-lane roundabouts
constructed and maintained by jurisdiction as ofMay 2008

High Speed
Urban Suburban Rural Rural®
Kansas 5 1 3 3
Maryland 5 34 26 5*
New York 10 20 6 2
Wisconsin - Most - 2

1. The highspeed designation was interpreteffiedently by each jurisdiction and
therefore may not be consistent
* Approximately

2.3.3 Feasibility Studies, and Design Reviews
While the exact process varies between jurisdictions, the basic process for
evaluating the feasibilityof roundaboutsis similar for each. The typical steps for
conducting a feasibility analysis are outlined below, and are similar to feasibility studies
that are conducted for any intersection type:
1 Any obvious fatal flaws are identified (inadequate rghtvay, cost
prohibitive, inadeq at e gr ade, i mbal anced traffic
9 Criteria for evaluating the roundabout are determined (traffic operations,
safety, cost, etcée).
1 Any constraints to the roundabout are identified (design vehicle, land use,
grade, rightof-way, driver expectancylocal knowledge of roundabouts,
et cé)
1 A comparison to other alternatives is completed. Most jurisdictions also
complete a lifecycle cost analysis for the roundabout and the other

alternatives instead of simply comparing the capital costs.
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Figure 5 displays a flow chart of the evaluation and design prodess

roundabout$rom the Indiana Department of Transportation
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Figure 5. Evaluation and design proces&28)

In addition, @ch of the four states hasdesign review process to ensuhe
quality and consistency in design throughout the jurisdiction. However, the process for
the design reviews varies among jurisdictions. New York reviews every roundabout in
house at the centraffice; Kansas and Wisconsin either review the roundabehouse,
or use outside consultants; and Maryland uses only outside consultants to conduct the
review. While the manner in which designs might be reviewed varies among the
jurisdictions, the facthat a central authority oversees the review of every roundabout
does not.

Kansas takes the design reviastep further, by offering design reviews for local

jurisdictions at no charge in order to ensure consistency in design throughout the state.
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This ensures that whether a roundabout is constructed by the state or a local community,
the basic design principles will remain the same. Perhaps more importantly, this ensures
that a local jurisdiction will not build a substandard roundabout that has thdiglote

set back the roundabout program in that area.

2.3.4 Driver Education, Public Acceptance, and Education
Educating drivers on how to navigate a roundabout was a priority for each of the
four states. Each jurisdiction has developdulochure or handout leged to roundabouts,
and each state has materials relating to roundabouts available for public meetings. Public
reluctance of roundabouts has largely been overcome in Maryland, whereas in Kansas,
public acceptance is still a major part of the project greent process. This is likely
related to the number of roundabouts constructed by SHA in Maryland (65), versus the
number of roundabouts constructed by KDOT (9) in Kansas. Some innovative public
education programs included:
1 Videos that have been devedmpand made available to the public, and/or
placed on websites;
1 Animations of vehicles, pedestrians, and bicycles traversing a roundabout on
websites;
1 Displaying videos on televisions at on local cable access stations and/or at
local stores or malls;
1 Placng brochures in grocery bags at local stores;
1 Working in collaboration with local organizatiof®ARP, Motor Carrier

groups,Sei or Driver groups, etcé); and
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1 Driver educations programs, presentations anddotee demonstrations to

elemenary, middleschool, and highschool students.

Public perception and reluctana® roundabouts is thebiggest hurdle a
roundabout prgram must overcome. It is far simpler to construct a roundabout in a
location where there is a public perception of a problem. As wasisedaryland, it
makes strategic sense from a programmatic perspective to ensure that the first few
roundabouts constructed are successful, and are accompanied with intensive public

meetings and public education.

2.3.4.1Traffic Circles vs. Roundabouts

Part of thepublic acceptance issue is the lack of proper public awareness of the
difference between roundabouts and traffic circles. While all roundabouts are traffic
circles, not all traffic circles are roundabouts. In some areas, a large amount of traffic
calming drcles have been built that are an annoyance to most drivers, and consequently
drivers are against roundabouts on streets with a functional classification above local
streets. Additionally, in the northeastern United States, many rotaries are in the pfoces
being removed due to their poor safety and operational history. Rotaries in the northeast
have hampered the development of roundabouts in this area due to the perception that

traffic circles are not safe and do not operate effectively.

2.3.4.2Internal Educon and Training

In jurisdictions that have a limited number of roundabouts, educating agency staff
has been a challenge. Education is not only an issue for the public, but for the agency

staff implementing roundabouts as well. It is important that enexphrtise be available

19



within the agency to have an understanding of roundabouts, and be able to review

roundabout designs and operational analyses.

2.3.5 Maintenance Issues

The most common maintenance issue identified in the four states was trucks
failing to use the provided truck apron. Both New York and Wisconsin use colored
concrete stamped to look like bricks for truck aprons, and both states found that trucks
were not using the apron because the trucks did not want to ruin what looked like
decorative brickNew York solved this problem by driving vehicles on the truck apron
prior to opening the roundabout in order to place skid marks to show trucks it was
acceptable to use the truck apron, and Wisconsin largely solved the problem through
education effortsrad signs encouraging trucks to use the truck apron. However, in rural
locations where overweight loads are common, concerns have been raised -that off
tracking through the roundabout on the tragkon will cause the truck to tip. There have
been no reportk incidents of trucks tipping, but Kansas is closely monitotimg
potentialrisk.

With regard to centrakland landscaping, most jurisdictions reach agreements
with local communities or garden clubs to maintain either the vegetation or artwork
locatedon the central island. Where local agreements are not reached, low maintenance
landscaping is commonly used.

Each state DOT official was asked about snow removal, and each replied that
snow removal was not an issue. While each state handles snow rernfievahtly (some
push the snow to the central island, and some push the snow to the shoulder on the

approach lanes) snow removal has not caused a roundabout to fail.
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2.3.6 Pedestrian and Bicycle Accommodations

The states in the interview sample predominantly seer roundabouts
constructed in suburban locations, and therefore the majority of roundabouts see sporadic
pedestrian and bicycle use. However, roundabouts have been constructed in each of the
states where there is a heavy pedestrian volume. Where pedeateaexpected, each of
the states provided basic pedestrian amenities to include sidewalks, marked pedestrian
crossing, and curb cuts on the splitter island and on the outside curb for the entering and

exiting approaches.

ADVANTAGES DISADVANTAGES

Vehicle speed is reduced, compared to that for | Vehicle traffic is yield controlled, so it does

another intersection type. not necessarily come to a full stop. Therefore,
a pedestrian can be hesitant at first to use the
crosswalk.

A pedestrian has fewer conflict points that at | A roundabout can be unsettling to a pedestrian,
another intersection type. depending on age, mobility, visual impairment,

or ability to judge gaps in traffic.

A pedestrian 1s responsible for judging | A pedestrian, at first glance, can have to adjust
crossing opportunity. This is still regarded as | to roundabout operation. This includes the

an advantage, though it requires more | crosswalk location, which is behind the first

alertness. stopped vehicle, or 6 m from the yield point.

The splitter-island refuge allows a pedestrian to
cross entering and exiting traffic flows
separately, and thus simplifies the task of

crossing the roadway.

Crossing can be accomplished with less

waiting time than at a signalized intersection.

Figure 6. Roundabout advantages and disadvantages for pedestria(&3)

At roundabouts, bicyclists have the option of circulating through the roundabout
as a vehicle or as a pedestrian, if pedestrian amenities have been providedf Han
state DOTs provide bike lanes through the roundabout. Some jurisdictions provide bike
ramps so that bikes on bike lanes approaching the roundabout can easily enter-a mixed

use path to circumnavigate the roundabout as a pedestrian. The low speedhthe
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roundabout however, makes it convenient for bicyclists to circulate through a roundabout
as a vehiclgf desired.

All four statesalsocited concern with thpreviously mentionegroposed Access
Board rule requiring signals at all muléine oundaboutswith provided pedestrian
amenitiesIn anticipation of the proposed Access Board ruling, several states have begun
to place conduits at multane roundabouts during construction to accommodate a signal
in the future. Further, while several sstalso push the zzpg crossing as a standard
pedestrian crossing design at roundabouts, they remain somewhat skeptical that

pedestrians will obey the crossing due to the additionabbwiay travel required.

2.4  Policies

Depending on the jurisdiction, tip®licy outlining the feasibility of a roundabout
varies. Maryland, New York, and Wisconsin each have state policies that require the
analysis of roundabouts at all intersection projects where state or federal funding will be
used. New York and Wisconsin lmees also require that if the roundabout is found to be
feasible, it becomes the preferred alternative. In New York, this policy was established
based on the advice of NYSDOTO6s | awyers wh
crashes that occurred attensections where a roundabout was not considered as an
alternative if a roundabout could be shown to have prevented the crash. While Kansas
does not have a roundabout policy, Achampi

analysis of roundabouts as aternative.

2.5 Implementation
As previously describedthere has been a dramatic growth in the number of

roundabouts in the United States over the past two dec@desequently, it can be
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surmised that the debate over the general acceptability of roundaibottie United
States has been overcome with the roundabout asserting itself as a sustaining member of
the national transportation system. However, the implementafisaundabouts is not
ensured, and
In order to assess the potential for successfulamphtationunderstanding why
implementatiorhas failed in some cases is informati¥éis section looks at sources of
implementation failure and develops strategies for avoiding failure. Several sources of
implementation failure exist, but perhaps the toasnmon source is the implementation
plan itself, as is commonly found, the @Amo
change initiatives d29)durthen hagsonepnirts outthatpdore i r d
implemenation procedures are also a source of implementation f&il(88) Walter
Williams, as quoted in the Larson paj@0), says:
The lack of concern for implementation is currently the crucial
impedinent to improving program operations, policy analysis, and
experimentation in social policy.
Further, Larson provides a survey of reasons for failure, reproducédbie 4

below:

Table 4. Reasons for implenentation failure (30)

Types Hypothesized Relationship to Failure
Poor implementation Causes the least amount of failure. It can be remedied |
procedures altering the program, unless poor implementation is

conscious or fraudaht.

Intergovernmental A moderate cause of failure. Remedy requires changin¢
complexity relationships among agencies and coordinating efforts.
Vague and unrealistic A serious program flaw. It requires a complete
goals restructuring of program direction.
Changes in the economic A very serious source of program failure. Radical
environment environmental change makes a program totally ineffecti
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In addition, several strategies need to be utilized by state agencies in order to
ensure successful implemetma of roundabout programs and policies, and to minimize
sources of implementation failure previously descril#edeview of literature that builds
off the previously described successful implementation characteristics shows that the
following are needetbr successful project implementati(3il).

1. The demonstration of a perceived need

2. Realistic expectations

3. Strong advocates

4. A defined and supportive constituency

5. A mix of implementation actions

6. Complementary programs

7. Analytical capability on the part of the implementation team

8. Abundant resources, including people and money

In addition,characteristic®f successful project implementatioften includethe
following: (31)

1. An individual or group of indiiduals who are committed to the project or

program and able to overcome implementation obstacles

2. A flexible approach with respect to how implementation will occur

3. The development of a constituency that can the support the project

4. Consistent communicaticand feedback

5. A strong connection between professional goals and political power
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Through an understanding of the above characteristics and a development of
strategies to incorporate the characteristics into statewide roundabout policies, the

successful img@mentation of roundabouts caocur.

25



CHAPTER 3

EXISTING STATEWIDE R OUNDABOUT POLICIES

A review of existing statewide policies was conducted to assesstahesof
roundabout policies in the United States. The review was condimgtegikamining
information availake online, and through interviews. For the purposes of the review, the

type of policy was split intgix categories, shown ihableb.

Table 5. Types of roundabout policies

Category Description

No poicy or mention of roundabouts from theate DOT. Consequently,

NOTE the stateneither encourages ndiscourages roundabouts.
gﬁg\z‘der- The statallows the consideration of roundabouts
COMEIBED- The state encourages the consideration widabouts
Encourage

Evaluate = The state requires the evaluation of a roundabout alternative

The state requires the evaluation of a roundabout, and written justifica
explaining when a roundabout is not the preferred alternative

The roundabout atnative is by default the preferred alternative, unles:
proven otherwise

Justify

Strong

Based on the categories displayedTiable 5, each state and the District of
Columbia were assigned to a categdirghould be noted that while the categation of
roundabout policy type was somewhat subjective (especially in the split between
AConsiAdéowd andERnR€Consiaden), the policy typ
to be straightforward. For | ndEhcamage o tdared d
AEval uateo was oftenti mbet wesensiiimph el ladso tahr
respectively An example of the policy text associated with each policy type category is

givenin Table6, which lists example roundabiopolicy types from six states.
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Table 6. Example roundabout policy types

State Policy Policy Text
Type
Alabama None NA
Kentucky Consider A modern roundabout is an alternative form of intersecti
Allow control to traffic signa and multiway stop control

intersections. Therefore, roundabouts may be considere
only when these intersection control types are warrante:

Connecticut Consider  Those locations which meet or nearly meet [signal]

Encourage warrants, should be givenmsideration for roundabout
installation. Intersections that are, or proposed to be, all
way stop controlled may also be good candidate locatio
for a roundabout

Georgia Evaluate Roundabouts are the preferred safety and operational
alternative for a wideange of intersections of public road
A roundabout shall be considered as an alternative in th
following instances: (1) Any intersection in a project that
being designed as new or is being reconstructed. (2) All
existing intersections that have beéentified as needing
major safety or operational improvements. (3) All signal
requests at intersections (provide justification in the Trai
Engineering Study if a roundabout is not selected).

Alaska Justify ARoundabout Firsto fwerbvideay
written justification of any decision to install a traffic sigr
instead of a single lane roundabd@R)

New York  Strong When the analysis shows that a roundabout is a feasiblt
alternative, it should beconsid ed t he Depe
preferred alternative due to the proven substantial safet
benefits and other operational benefits.

Table 7 displays the results of this assignment, and the number of rooutsa
constructed in the stateh@& appendix contains source information for the policy type and

number of roundabouts, and the text of the policy, if available.
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Table 7. Existing Statewide Roundabout Policies

State Number Pdlicy Type
Alabama 1 None
Alaska 16 Justify
Arizona 115 Consider Allow
Arkansas 4 Consider Allow
California 126 Consider Encourage
Colorado 240 Consider Encourage
Connecticut 16 Consider Encourage
Delaware 8 Consider Encourage
District of Columbia 18 Consider Encourage
Florida 99 Consider Allow
Georgia 14 Evaluate
Hawaii 12 Consider Encourage
Idaho 8 None
lllinois 3 Consider Encourage
Indiana 150 Consider Encourage
lowa 34 Consider Encourage
Kansas 86 Consider Encourage
Kentucky 2 Consider Allow
L ouisiana 3 Consider Allow
Maine 3 Consider Allow
Maryland 160 Evaluate
Massachusetts 21 Consider Encourage
Michigan 41 Consider Encourage
Minnesota 80 Evaluate
Mississippi 14 None
Missouri 25 Consider Allow
Montana 21 Consider Encourage
Nebraska 5 Consider Allow
Nevada 26 Consider Encourage
New Hampshire 10 Evaluate
New Jersey 14 Consider Allow
New Mexico 9 Consider Allow
New York 32 Strong
North Carolina 81 Consider Encourage
North Dakota 2 None
Ohio 27 Consider Enoourage
Oklahoma 1 None
Oregon 89 Consider Encourage
Pennsylvania 3 Consider Encourage
Rhode Island 4 Strong
South Carolina 3 None
South Dakota 1 None
Tennessee 7 Consider Allow
Texas 16 Consider Allow
Utah 160 Consider Encourage
Vermont 7 Strong
Virginia 76 Justify
Washington 189 Evaluate
West Virginia 0 None
Wisconsin 116 Evaluate
Wyoming 3 None
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As shownin Table 7, the type of policy varies betweehe stateswith little
correlation indicated between te number of roundabouts and the strength aof
roundabout policylNext, thenumber of states with each policy type was tabulated, and is

displayed inTable8.

Table 8. Summary of existing state roundabout plicies

Policy Type Number of States Number of Roundabouts

None 9 33
Consider Allow 12 302
Consider Encourage 19 1,162
Evaluate 6 569
Justify 2 92
Strong 3 43

Total 51 2,201

As seen inTable8, the most prevalent paoly types werdi Con siAtl ¢ owo and
AConsiiEchecrour age o with 12 aG@Guirently9onlysil statess |, re
formally require the analysis of a roundabout alternav e as denote&d by t
AJusti fyo and @St r ahhg temgnmd rine statéwe pceforcah t e g o r
or informal roundabout policyThe policy type categories were mapped in order to
denote regional roundabout policy type trenéigure 7 displays the roundabout policy

type by state.

29



Buong I
Ansnr [
ejenens [

. s
abeinoouz - Iepisuo) D Q_._
Mo|ly - 19pIsuo) I
——
puaban

Figure 7. Roundabout policy type by state

30



Severalloose trends emerge from a review &fgure 7. The stags without a
roundabout policy denoted in red aresomewhatoncentrated in thBouthesternpart
of the United Statesindthe northern parts of thdidwestand mountain west.

States with a pol At dwsydermtedoirbrangeCaen si der
dispersegyet connectedhrough several regions, includirtge south mountain west, the
westernpart of theSoutheast, and the easgntral portion of thélidwest in addition to
Florida and Maine.

States that encourage the consideration of roundabaagsdenoted in yellow
stretch from the Pacific Ocean, through the Midwest towards Pennsylvania

States that require the evaluatmiroundabout$ as denoted in greénare found
in Washington to the Northwest, Minnesota and Wisconsin in the northern Midwest,
Georgia in the Southeast and Maryland in the-Kilntic.

Alaska and Virginia both regre justification when a roundabout is not
constructed as denoted inurquoise and statesvith strong roundabout policiés as

denoted in blué arecon@ntrated in the Northeastern United States.
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CHAPTER 4

DATA COLLECTION METH ODOLOGY

This section outlines thdata collection efforts for this study. The purpose of this

effort was to acquire the data necessary to analyze and discuss the status of statewide

roundabout programs and policies in the United States. In order to do so, several data

sources were necesy, including:

T
)l

The number of roundabouts in each state

The number of fatalities at roundabouts in each state

The current guiding roundabout policy type for each state

The estimated population for each state

The annual Vehicle Milesf Travel(VMT) for each state

The number of roadway (centerline) miles for each state, broken down by

functional classification

The following subsections describe the data collection efforts undertaken to

acquire the previously described data.

4.1 The number of roundabouts in eachstate

The number of roundabouts constructed in each state is by nature a dynamic, ever

increasing number. The subsequent subsections detail the steps undertaken to identify the

number of roundabouts constructed in each state.

4.1.1 Kittelson & Associates, Inc.Roundabout Inventory Database

The first step undertaken to calculate the number of roundabouts in each state was

to consult a roundabout inventory database maintained by Kittelson & Associates, Inc.
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(KAI). The KAl database attempts to record every existiplgnned, proposed and
removed roundabout in North America, and at a minimum seeks to include the
intersection where the roundabout is located, including the latitude and longitude, and the
year the roundabout was constructédgure 8 displays the roundabout inventory
database search todtjgure 9 displays example search results from the database, and
FigurelOdisplays an example listing of the roundabout details availatheidatabase.

Commoen Searches
List All Hecords

List All Existing Roundabouts in United States
List All Existing Roundabouts in Canarda

Custom Search [l fislds are optional . f nathing is ertared, all records are shawn)

City/Town/Township

State/Province All States b
County/Borough/Parish

Country

Intersection

Status All Status Types v
Number of Approaches

Mumber of Driveways

Lane Type All Lane Types
Construction Type All Construction Types he
Previous Traffic Control All Control Types

Roundabout
Rotary
Type of Circle Signalized
(Select all that may apphy) Meighborhood Traffic Circle
Other
Unknown
Alltday Yield &
AllvWay Stop
Type of Control at Entries TwoAay Stop
(Select all that may apply) Signal
Free-Merge
Other v

Mane

Active Pedestrian Warning
Other Traffic Control Pedestrian Signal
(Select all that may apphy) Metering Signal

Other

Unknown

Waord Search

Group By (optional) Status A

Figure 8. KAl roundabout inventory database search too{10)
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[ [m] Anne Arundel Annapolis Junction

MD Anne Arundel Deale

MD Anne Arundel FortMeade
[12]w] Anne Arundel Hanover

MD Anne Arundel Hanover

D Anne Arundel Lothian

MD Anne Arundel Odenton

MWD Baltimaore Catonsville
MD Baltimaore Lutherville-Timanium
D Baltimare Towsan

MD Calvert Saint Leonard
[ [m] Caroling Federalsburg
[ [m] Carrall Hampstead
MD Carrall Taneytownh
D Cecil Elkton

[ [m] Cecil Rising Sun
MO Charles Hughesville
[ [m] Charles Hughesville
D Frederick Brunswick
MD Frederick Rosemont
MD Frederick Urhana

MD Frederick Urbana

MD Frederick Urhana

[12]w] Frederick Urhana

MD Frederick Urhana

D Frederick Urhana

MD Frederick Urbana

MWD Harford {unincorparated)
[ [m] Harford Ahingdon
MWD Harford Abingdon

MD Harford Bel Air

MD Harfard Bel Air

MD Harford Bel Air

MD Harfard Bel Air

[12]w] Harford Forest Hill
MD Harfard Fountain Green
MO Harford Frogtown

MD Harford Marth Harford
MWD Howard Clarksville
MD Howard Columbia
D Haward Calumbia

[ [m] Howard Ellicott City

[ [m] Howeard Ellicott City

[ [m] Howard Ellicott City

[ [m] Howeard Ellicott City
MDD Howard Jessup

[ [m] Howeard Jessup

MO Howard Jessup

MD Howard Lishon

MWD Howard Lishon

[ [m] Howard Scagosville
MWD Howard Scanousville

MO 310G uilford Rd.

MO 256D 258

MD 32rSamford Rd.

MO 285 MB RampsiArundel Wills Blyd.

WD 255 58 RampsiArundel Wills Blvd.

MO 270 4080 422

MO 175MD 67 7/Higdins Dr.

MWD 37 2iHilltop Rd fEntrance to LIMBC

MO 139 {Charles StfBellana Ave.

MWD 4500 146 oppa RdSAlleghey Ave.
Calvert Beach Rd.JSaint Leonard Rd.

MO 307D 313MD 318

MO BEMD 833

MO 140D 83 27Antrir Blvd.

MO 213 (Fair Hill Ed.yleeds Rd.JElk Mill Bd. {Lanzi
Circle)

MO 273 (Rising Sun Rd.MD 276 (Jacob Tome
Mermorial Huwy.d

MO 5 MNB RampsihD 231

MD 5 5B BampsiiD 231

MO 1754 SHiB Stibdaryland Ave,

MO 17D 180

MO B0rSugarloaf Plwy Bennett Creek Blvd.
Bennett Creek Ave fBennett Creek Rd.
Bennett Creek Ave fBennett Crealk Blvd.
Sugarloaf Pk {unkno

Sugarloaf Plwa/Denison St

Sprigy Sthunknowing

Bush Creek Dr/Wajor Srmith L.

Tollgate Rd.Aestover LnSfCrisfield Dr.
Tollgate Rd.Montrose Yay

Tollgate Rd./Singer Rd.

Moores will Rd/Brushing L.

Tollgate Rd.Marketnlace Dr.

MD TiHolly Oaks Drive

Taollgate Rd.AwWheel Rd.

MO 23 ammerce Rd.

Praspect Mill Rd.Aagner Rd.

Mardic Drivillrich Ct.

MO 1ESMD 24

Brighton Dam Rd. Ten Gaks Rd.

Trofter Rd./South Wind Cir.

Cradlerock WawHaormespun D,

MO 103D 100 YWB Ramps

MO 1030 100 EB Rarmps

Snowden River Plawy D 100 WH Ramps
MO 104 dvaterloo RdMD 100 WH Ramps
MO 32 EB RampsiCanine Rd.

MD 32 W Ramps/MD 198 { aurel Fort Meade Bd)
MO 32 EB RampsitD 193 (Laurel Fort beade Rd.)
MO 941019 Frederick Rd. (Lishon Marth)
MWD 94700 144

MO 2165 29 5B Bamps

WD 216105 29 NB Ramps

Figure 9. Example search results from theKAl database (10)
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Furthermore, as

Site ID: 3

Site Location
Intersection
CityTowniTownship
StateiProvince
County/Baraughi/Parish
Country

Status
Latitude
Longitude

Site Description
Mumber of Approaches
Mumber of Driveways
Type

Highest Functional Class of intersecting roadways
Construction

Inscribed Diameter
Type of Circle

Type of Contral

Other Traffic Contral
Previous Traffic Contral
Year of Completion

Site Comments

Conatct Information
Primary Contact
Name

Job Title

Company or Agency
Address

City

State or Province
Postal Code

FPhaone Mumber

Fax Mumber

Email Address

Roundabout Details

MO 84iMD 144
Lishon

MD

Howard

USA

Existing
39.337
-77.0736

4
Single-Lane

Retrafit
1 Meters

Tuwvo-Way Stop
1983

First roundaboutin Maryland. Built initially as temporary, made permanent
after one month.

Michael Niederhauser

Maryland State Highway Administration
74491 Connelley

Hanover

MO

21076

(410) 787-5874

(410) 582-9464

mniedethauseri@sha state.md.us

Figure 10. Example roundabout details listing in theKAI database (10)

Anecdotal evidence suggests that maintenance of the database has become more

difficult in recent years because of the dramatic growth wfdaboutsn North America.
roundabouts become more accepted, the new construction of
roundabouts becomes less visible, causing roundabouts to be missed by the operators of
the database. The database allows anyone with information ondabmur to enter the
roundabout details in the database, but the listing is not shown in the database until it is
verified by one of the database operatorsKai. Because of the sheer volume of
roundabouts now being constructed in North America, the taskrdying information

entered in the database has also become challenging.
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By using the database, an initial baseline number of existing roundabouts per state

was tabulated.

4.1.2 Roundabout Listserv

Next, an email distribution list, commonly referred totlas roundabout listserv,
maintained by Dr. Eugene Russell from Kansas State University was utilized to fill in the
information missing from th&Al database. Currently 373 people with some interest in
roundabouts currently subscribe to the listd88). While subscribers are predominantly
transportation engineers who work with roundabouts, people from a variety of
professions and backgrounds also subscribe.

By utilizing the listserv, the number of roundabouts for each statesaaght out,
and unlike theKAl database, the year of construction and the intersection were not
sought, making the total number easier to acquire, yet less verifiable. In many cases, the
users of the listserv either had numbers that matchedAhealatalase, or used thi€Al
database as their tool for tracking roundabouts in their jurisdiction. However, in the case
of 20 states, the number of roundabouts denoted by a user of the listserv was higher than

found in theKAl database, and consequently, thosalmers were utilized.

4.2 The number of fatalities at roundabouts in each state
The number of fatalities at roundabouts in each state was also found on the
roundabout listserv. The numbers were compiled over the summer of 2010, and include

all known fatalitieghat have occurred at roundabouts in the United States.
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4.3  The current guiding roundabout policy type for each state

The most challenging data collection effort was the pursuit of the guiding
roundabout policy type for each state. The typical steps utitzédcate the policy for
each statare subsequently described.

Firstt he websi t e f waslodatbdeandseartiedahysmeitionlof
roundabouts. Many state DOT websites had a specific page dedicated to roundabouts, but
these pages were geally geared towards the general public, and rarely had information
on the stateods olgwNedtjan gttempowasindadeloodue tphe st at
roundabout guideOftentimes, if a state had a statewide roundabout guide, the guiding
policy was ont ai ned within. Af ter that , t he st
equivalent document) was located, and a search for roundabouts in the manual was
completed. If roundabouts were included in the roadway design mameigolicy type,
if not previouslylocated, was usually found there. In other cases, DOT memos or a
specific roundabout policy document was located that described the guiding roundabout
policy type for the state. In the absence of any official document, the policy type was
either found fron some other source document, ioferred based on anecdotal

information.

4.4  The estimated population for each state
The estimategbopulations for each state were found on the United States Census

Bureau, Population Estimates website, and2869 estimate34).

4.5 The annualVMT for each state
The annual VMT for each state was found on the Bureau of Transportation

Statistics website, and are 2008 estimé&és
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4.6  The number of roadwaymiles for each state
The number of roadway miles for each state, broken down by functional
classification, vere found on theBureau of Transportation Statistics website, and are

2008 estimateg35).
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CHAPTER 5

METHODOLOGY

This chapter details the methodgl/ utilized in the research for this thesis. More
specifically, the methods used to analyze the statewide roundabout programs and policies

areexplained and discussed.

5.1  Per Capita Analyses
The first portion of the analyses of the statewide roundaboutrgmzg and
policies is a per capitanalysis The per capitanalysis utilizeghe information presented
in Chapter 3, and analyzes the strength
number of roundabouts in the state. Then, because states hawg yapulation, VMT
and roadway mile totals, the number of roundabouts is divided by these variables to
determine if the strength of a roundabout policy has any effect on the number of

roundabouts in the state.

52 SWOT
Next, a qualitative SWOT analysisas caried out to determine the status of
roundabout policies, andotential areas for developmemd SWOT analysis is a
Strengths, Weaknesses, Opportunities, and Threats assessment of the information
presented. A SWOT analysis first involves specifying the ativje of the existing
policies, and then identifying the internal and external factors that are favorable and
unfavorable to achieving the objective. A SWOT analysis can be particularly helpful in

identifying areas for development. Further, the SWOT arslgsable to analyze the
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existing policies in terms of their likely consequendégure 11 displays the factors

utilized in a SWOT analysis.

Helpful Harmful
to achieving the objective to achieving the objective
=
RNk
= B
=
EE Strengths Weaknesses
=
L
2
Opportunities Threats

External origin
{attributes ofthe environment)

Figure 11. SWOT analysis

The SWOT analysis was carried outrdugh an examination of literature
presented in Chapter 2, discussion with personnel in state agencies familiar with their
statewide roundabout program, and a review of newspapers and information related to the

implementation of roundabouts.
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CHAPTER 6

ANALYSIS

The analysis section utilizes thger capita andSWOT analysis previously
described in the methodology section. The results of the analysis are subsequently

described.

6.1 Per Capita Analyses
As previously mentionedoncerningTable7 in Chapter 3a relationshigbetween
the number of roundabouts and the strengthaabundabout policyis not readily
apparent. However, this is somewhat misleading in that the populatidi and
roadway miles between states ateo varied.Consequentlya per capitaanalysiswas
completed to identify if the existence of a state roundabout policy has an effect on the

number of roundabouts constructed in the state on a per capita basis.

6.1.1 Roundabouts perPerson
The first per capita analysis completed waes toundabouts per person analysis.
In order to make the numbers legiltlee outputs were multiplied by one milliohable9
displays the roundabouts per million persbgsstate, andrigure12 displaysthe number
of roundabouts per person by state, with red representing the states with the fewest
number of roundabouts per person, and green representing the states with the most

number of roundabouts per person.
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Table 9. Roundabous per million persons by state

State Roundabouts per State Roundabouts per
Million Persons Million Persons

Alabama 0.2 Montana 21.5
Alaska 22.9 Nebraska 2.8
Arizona 17.4 Nevada 9.8
Arkansas 14 New Hampshire 7.5
California 3.4 New Jersey 1.6
Colorado 47.8 New Mexico 4.5
Connecticut 4.5 New York 1.6
Delaware 9.0 North Carolina 8.6
District of Columbia 30.0 North Dakota 3.1
Florida 5.3 Ohio 2.3
Georgia 1.4 Oklahoma 0.3
Hawaii 9.3 Oregon 23.3
Idaho 52 Pennsylvania 0.2
Illinois 0.2 Rhode Island 3.8
Indiana 23.4 South Carolina 0.7
lowa 11.3 South Dakota 1.2
Kansas 30.5 Tennessee 1.1
Kentucky 0.5 Texas 0.6
Louisiana 0.7 Utah 57.5
Maine 2.3 Vermont 11.3
Maryland 28.1 Virginia 9.6
Massachusetts 3.2 Washington 28.4
Michigan 4.1 West Virginia -
Minnesota 15.2 Wisconsin 20.5
Mississippi 4.7 Wyoming 5.5
Missouri 4.2
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Figure 12. Roundabouts per person
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As displayed inTable 9, the number of roundabougger million persos varies
from zero in West Virginia, and 0.2 in Alabama, lllinois and Pennsylvania; to 47.8 in
Colorado and 57.5 in UtathTable 10 displays the roundabouts per million persons'

descriptive statistics.

Table 10. Roundabouts per million persons' descriptive statistics

Roundabouts per Million Persons

Mean* 10.07
Median 455
Standard Deviation 12.55

*Represents the mean of the state averages, not the national mean

As displayed inTable 10, the meani which represents the mean of the state
averages, not the national mdarmundabouts per million persons is 10.07. The median
of the statessi4.55, with a standard deviation of 12.55. In an attempletermine if a
roundabout policy type correlates to the number of roundabouts per person, the
roundabouts per million persons based on policy type was tabulated, and is displayed in

Figurel3. Tablelldisplays the coasponding numbers.
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Figure 13. Roundabouts permillion persorsbased on policy type

Table 11. Roundabouts per million persons based on policy type

) Number Number of Total Year 2009 Roundabouts Per
Policy Type

of States Roundabouts Population Million Persors
None 9 33 21,278,071 1.6
Consider - 12 302 87,727,852 3.4
Allow
CIMEIBED - 19 1,162 133,764,695 8.7
Encourage
Evaluate 6 569 34,438,447 16.5
Justify 2 92 8,581,063 10.7
Strong 3 43 21,216,422 2.0
Total 51 2,201 307,006,550 7.2

As displayed irFigurel3, a clear trend begins to emerge as the roundabout policy
type begins to strengthen from ANoneo t hr
the trend breaks down, with thmimber of roundabouts per million persons based on
policy type decreasing with the AJustifyo
three states included in the AJustifyo anc
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including several high pojation states in the northeast with small geographical
footprints in the AStrongd category, it I s
type categories would be lower.

Therefore, the AEvaluateo, AJustref yo al
combined into an AAnalysiso policy type ca
denotes any state that requires the analysis of a roundabout at an intersection project
receiving DOT funding.Figure 14 displays the numbeof roundabouts per million
persons based on combined policy ty@ewl Table12 displays the tabulated data used in

the calculation.

None Consider Allow Consider Analysis
Encourage

18
16
14
12
10

o N O~ OO

Figure 14. Roundabouts per million persons based on combined policypes
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Table 12. Roundabouts per million persons based on combined policy types

) Number Number of Total Year 2009 Roundabouts Per
Policy Type

of States Roundabouts Population Million Persors

None 9 33 21,278,071 1.6
Consider- 12 302 87,727,852 3.4
Allow

CETEEE 19 1,162 133,764,695 8.7
Encourage

Analysis 11 704 64,235,932 11.0
Total 51 2,201 307,006,550 7.2

As displayed inFigure 14, the number of roundabouts per million persons based
on combined plicy types clearly trends upward aset policy type is strengthened.
Consequently, it can be inferred that the strengthening of a statewide roundabout policy
type is loosely correlated to an increase in the number of roundabouts constructed in the

state.

6.1.2 Roundabouts perVMT
The second per capita analysis completed was the roundabouts per VMT analysis.
I n order to make the numbers | egibl e, t he
mi | | i o,nwere roudtipliedsby one millionTable 13 displays the roundeuts per
trillion VMT by state, and-igure 15 displays the number of roundabouts per VMT, with
red representing the states with the fewest number of roundabouts per VMT, and green

representing the g with the most number of roundabouts per VMT.
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Table 13. Roundabouts per trillion VMT by state

State Roundabouts per State Roundabouts per
Million Persons Million Persons

Alabama 16.86 Montana 1,942.29
Alaska 3,288.80 Nebraska 260.82
Arizona 1,866.03 Nevada 1,251.20
Arkansas 120.62 New Hampshire 766.87
California 384.98 New Jersey 190.14
Colorado 5,014.63 New Mexico 342.48
Connecticut 504.14 New York 238.65
Delaware 891.27 North Carolina 796.37
District of Columbia 4,984.77 North Dakota 255.75
Florida 498.45 Ohio 249.30
Georgia 128.37 Oklahoma 20.62
Hawaii 1,167.54 Oregon 2,659.26
Idaho 524.56 Pennsylvania 27.82
Illinois 28.28 Rhode Island 488.58
Indiana 2,113.48 South Carolina 60.49
lowa 1,107.02 South Dakota 111.28
Kansas 2,892.99 Tennessee 100.76
Kentucky 42.08 Texas 67.97
Louisiana 66.53 Utah 6,160.01
Maine 206.06 Vermont 957.33
Maryland 2,907.87 Virginia 923.70
Massachusetts 385.29 Washington 3,401.85
Michigan 402.65 West Virginia -
Minnesota 1,379.43 Wisconsin 2,018.73
Mississippi 320.29 Wyoming 317.56
Missouri 366.18
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Figure 15. Roundabouts per VMT
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As displayed inTable 13, the numberof roundabouts per trillion MT varies
from zero in West Virginial6.86 in Alabama, and 27.82 Rennsylvania; t®,014.63in
Colorado and6,160.01in Utah. Table 14 displays theroundabouts per trillion VMT

descriptive statistics.

Table 14. Roundabouts per trillion VMT descriptive statistics

Roundabouts perTrillion VMT

Mean* 1,082.73
Median 402.65
Standard Deviation 1,431.15

*Represents the mean of the state averages, not the national mean

As displayed inTable 14, the meani which represents the mean of the state

averages, not the national mdaroundabouts per trillion VMT is 1,082.73. The median

of the states is 402.65, with a standard deviation of 1,431.15. In an attempt to determine

if a roundabat policy type correlates to the number of roundabouts per VMT, the

roundabouts per trillion VMT based on policy type was tabulated, and is displayed in

Figurel6. Tablel5displays the corresponding nuerb.
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Figure 16. Roundabouts pertrillion VMT based on policy type

Table 15. Roundabouts pertrillion VMT based on policy type

Number Number of Total Year 2008 Roundabouts Per

Policy Type of States Roundabouts Million VMT Trillion VMT
None 9 33 263,388 125.29
Consider - 12 302 892,793 338.26
Allow
Consider - 19 1,162 1,232,466 942.83
Encourage
Evaluate 6 569 348,135 1634.42
Justify 2 92 87,143 1055.74
Strong 3 43 149,584 287.46
Total 51 2,201 2,973,50 740.20

As displayed irFigure 16, a clear trend begins to emerge as the roundabout policy
type begins to strengthen from ANoneo thr ¢
the trend breaks down, with the numberaindabouwg per trillion VMT based on policy
type decreasing with the AJustifyo and 0SSt

states i ncluded i n t he AJustifyo and NSt
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including several high population states, and @poading high VMT, in the northeast

with smal.l geographical footprints in the
AJustifyo and AStrongodo policy type categor

Therefore, the AEvaluateo, i Jiessweief y 0 al
combined into an AAnalysiso policy type ca

denotes any state that requires the analysis of a roundabout at an intersection project
receiving DOT fundingFigure 17 displays theroundabouts per trillion VMTbased on

combined policy typesandTalle 16 displays the tabulated data used in the calculation.
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Figure 17. Roundabouts pertrillion VMT based on combined policy types
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Table 16. Roundabouts per trillion VMT based on combined policy types

. Number Number of Total Year 2008 Roundabouts Per
Policy Type

of States Roundabouts Million VMT Trillion VMT

None 9 33 263,388 125.29
Consider- 12 302 802,7® 338.26
Allow

Consider - 19 1.162 1,232,466 942.83
Encourage

Analysis 11 704 584,862 1203.70
Total 51 2 201 2 973.500 740.20

As displayed irFigure 17, the number ofoundabouts per trillion VMbased on
combined policy types cleg trends upward as the policy type is strengthened.
Consequently, it can again be inferred that the strengthening of a statewide roundabout
policy type is loosely correlated to an increase in the number of roundabouts constructed

in the state.

6.1.3 Roundabouts per Roadway Mile

The third per capita analysis completed was the roundabouts per roadway mile
analysis. In order to make the numbers legible, the roadway mile outputs were multiplied
by one million. Furthermore, because no roundabouts have, or will dresteicted on
interstate highways the number of interstate miles in each state was subtracted from the
total number of roadway mile3able 17 displays the roundabouts peillion roadway
miles by state, andrigure 18 displays the number of roundabouts per mile, with red
representing the states with the fewest number of roundabouts per mile, and green

representing the states with the most number of roundabouts per mile.
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Table 17. Roundabouts per million roadway miles*

State Roundabouts per State Roundabouts per
Million Roadway Million Roadway
Mile Mile
Alabama 10.37 Montana 287.75
Alaska 1,123.04 Nebraska 53.69
Arizona 1,940.21 Nevada 779.94
Arkansas 40.34 New Hampshire 633.71
California 740.95 New Jersey 365.33
Colorado 2,748.76 New Mexico 133.56
Connecticut 761.29 New York 283.77
Delaware 1,281.85 North Carolina 779.00
District of Columbia 12,056.26 North Dakota 23.18
Florida 825.58 Ohio 222.41
Georgia 116.06 Oklahoma 8.90
Hawaii 2,784.22 Oregon 1,520.77
Idaho 169.57 Pennsylvania 25.00
Illinois 21.85 Rhode Island 631.81
Indiana 1,588.28 South Carolina 45.86
lowa 299.71 South Dakota 12.27
Kansas 615.44 Tennessee 76.86
Kentucky 25.65 Texas 52.78
Louisiana 49.84 Utah 3,655.47
Maine 133.56 Vermont 496.42
Maryland 5,177.16 Virginia 1,044.20
Massachusetts 591.02 Washington 2,283.66
Michigan 340.46 West Virginia -
Minnesota 582.56 Wisconsin 1,016.64
Mississippi 188.71 Wyoming 110.32
Missouri 194.50

*Not including interstate miles
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Figure 18. Roundabouts per milé

*Not including interstate miles
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