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ABSTRACT

Modern roundabouts are becoming increasingly popular in the United
States and merit consideration for use at intersections facing operational and/or safety
problems. In this thesis, a knowledge-based expert system is used to create an
antomated tool for evaluating an all-way stop-controlled (AWSC) intersection for its
potential success if converted to a roundabout. Traffic analysis software is used to
conduct a comparative analysis between AWSC, roundabout, and signalized
intersections. The software analysis was calibrated for local (Delaware/Maryland)
conditions using driver gap acceptance characteristics obtained from data collection at
two Maryland roundabouts.

Data reduction yielded a local driver critical gap of 3.9 seconds and a
follow-up time of 2.0 seconds; both values are slightly lower than those recommended
by the Highway Capacity Manual. The findings of the comparative analysis agree with
earlier studies in showing that AWSC intersections always perform *“worse” (less
capacity, more delay, etc.) than both roundabouts and signalized intersections under
the same traffic and geometric conditions. Results from the software analysis were
then used in developing the rules of the expert system. The developed system was
tested using real AWSC intersection traffic data. It was shown that the system is
capable of logically evaluating an AWSC intersection and recommending an
intersection type {roundabout or signal) to which to convert. The rating systern also
provides advice on a variety of issues associated with the new intersection type and

references for further guidance.
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Chapter 1
INTRODUCTION

Traffic growth and congestion in the United States continue to outpace
growth in highway capacity, with the majority of congestion occurring at or near
intersections [1]. Al-grade intersections are the most complex individual locations
that drivers encounter within a street or highway system [2]. At a typical intersection
of two two-way streets, twelve legal vehicle movements (left-turn, through, and right-
turn from the four approaches) interact with one another, creating a large number of
potential conflicts between vehicles. The critical task of the traffic engineer, then, is to
control and mange these conflicts in a manner that ensures safety and provides for
efficient movement of vehicles through the intersection [2].

All-way stop-controlled (AWSC) intersections are a common form of
intersection control around the world and throughout the United States as well [3].
Familiar and comfortable with this form of traffic control, the public tends to view
stop signs as a panacea for traffic problems, particularly vehicle speeding and safety.
Many traffic engineers, however, may disagree with this opinion, pointing out that the
confusion that drivers often exhibit under this form of control seems to negate any of
the benefits it might provide [2]. Another drawback is the unnecessary delay caused to
vehicles when they are required to stop even when no conflicting vehicles are present,

most often during non-peak times. Right-angle collisions, the most severe of



collisions, commonly occur at AWSC intersections as a result of drivers failing to
completely obey the stop control.

When the number of accidents per year at an AWSC intersection is a cause
of concern or when delays to vehicles at the intersection reach unacceptable values, a
traffic engineer is called upon to assess the situation and make recommendations as to
how to improve operations and/or safety. Oftentimes, and if the appropriate warrants
specified in the Manual on Uniform Traffic Control Devices (MUTCD) {4] are met, a
traffic signal will be recommended for installation at the intersection, due to its ability
to alternately assign right-of-way to specific movements, which substantially reduces
the number and nature of intersection conflicts. Costs involved in the installation and
maintenance of traffic signals are much greater than those for stop-controlled
intersections, however. These costs include those for power supply, signal controller,
detectors, signal heads, support structures, and other items, and can run into the
hundreds of thousands of dollars for a complex intersection. “Because of this, and
because traffic signals introduce a fixed source of delay into the system, it is important
that they not be overused; they should be installed only where no other solution or
form of control would be effective in assuring safety and efficiency at the intersection
[21.”

Roundabouts are garnering a growing interest in the United States partially
because of their successful implementation abroad, particularly in European countries
and in Australia. Intersection design practice in these countries has significantly
changed due to the good performance of roundabouts as well as the public’s
acceptance of them [5]. Today’s modern roundabouts are distinctly different in design

and operation than earlier forms of circular intersection control used in the United
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States. When used under the appropriate geometric and traffic conditions, the modern
roundabout can provide advantages over conveuntional cross intersections in terms of
operational performance, environmental considerations, safety, maintenance costs, and

aesthetics.

1.1 Problem Statement

The Federal Highway Administration (FHWA) published Roundabouts:
An Informational Guide [6] in 2000 as federal design guidelines meant to encourage
uniform roundabout practice in the United States. Prior to this publication,
practitioners followed a variety of design guides developed by state departments of
transportation, consulting firms, and foreign government agencies and research
institutes.

Roundabouts are still a relatively new form of intersection control in the
United States, not only for the public, but also for traffic engineers. Traffic engineers
having little or no experience with roundabouts can be faced with a daunting task in
determining whether or not a roundabout is a feasible alternative to a signal at an
AWSC intersection.

In addition to the design aspects and specifications of a proposed
roundabout, numerous other issues must be considered. First of all, are the traffic
volumes appropriate for a roundabout? What about future volumes? What are the
proportions of turning movements? Are vehicles at the intersection currently
experiencing excessive delays? Is there a history of accidents at the intersection? Is
the intersection in close proximity to others, and if so, are these intersections part of a
coordinated signal system? This is an important consideration since a roundabout

would disrupt such a system.



If the AWSC intersection does experience many accidents and excessive
delays exist also, a traffic signal could be a consideration, if the MUTCD warrants are
met. But what if the MUTCD warrants are not met? Like AWSC intersections, even
signals can create unnecessary delay to an approach when no conflicting vehicles are
present, if they are not actuated. However, making a signal actuated requires more
sophisticated equipment, which would further increase costs, If a roundabout could
provide equal or superior operational performance to a signal, actuated or not, and for
a lower overall cost, why not choose the roundabout?

These specific advantages address the primary reasons why a traffic signal
would be installed: to increase capacity (thereby improving 1.OS), to improve safety,
and to provide for orderly movement through a complex sitnation. The MUTCD
states that, “since vehicular delay and the frequency of some types of crashes are
sometimes greater under traffic signal control than under stop sign control,
consideration should be given to providing alternatives to traffic control signals even if
one of more of the signal warrants has been satisfied” f4].

The various considerations listed above are many for an engineer to deal
with, in addition to the task of having to gain public acceptance for a proposed

roundabout, which many times is a major obstacle in the planning process.

1.2 Purpose and Objectives

The purpose of this study is to create an automated tool to assist traffic
engineers and planners in determining how feasible it is to convert an existing all-way
stop-controlled intersection to a roundabout. This tool will be based on results of
comparison studies using intersection analysis software and will also incorporate

recommendations from several state roundabout guides and the FHWA, which have



been reviewed along with other work previously published by researchers. Since this
thesis evolved from a study requested by the Delaware Department of Transportation
(DelDOT), the work for this thesis also included data collection at nearby roundabouts
so that the software analysis could be calibrated for local driver characteristics. Thus,
the results of this thesis will be useful for traffic planning in Delaware as well as in
other states with similar driver characteristics.

The development of the automated tool will be a great help to traffic
engineers faced with the decision of how to improve an all-way stop-controlled
intersection. It will be of particular help for younger engineers or those engineers
having little or no experience with roundabouts. While an older, more experienced
engineer would know what traffic and design characteristics to look for in an
intersection for its potential success as a roundabout, a less experienced engineer
would not.

As previously mentioned, several state departments of transportation have
published their own roundabout design and planning guides, however these guides
vary from one another in various ways. Most, if not all, of the guides refer readers to
the FHWA Roundabouts: An Informational Guide [6] for more detailed guidelines,
however this still may not be clear enough for the beginning engineer, This thesis will
provide an automated tool that will better guide the planner through the steps in
determining if an intersection is a prime location for installing a roundabout. The
rating system will not provide a clear-cut answer to the engineer; the useful quality of
using an experi system is that the program will offer the engineer a selection of
recommendations, but the ultimate decision will be left up to the individual to use his

or her best engineering judgment.



This thesis will accomplish the following objectives:

® A literature review of past studies of roundabout operational and
safety performance, comparisons of roundabouts with other forms
of intersection control, and existing federal and state roundabout
guides;

@ The collection of local driver gap acceptance data at local
roundabout sites;

v The determination of local driver critical gap and follow-up times
from this data;

® A comparative analysis of an all-way stop-controlled intersection,
a roundabout, and a signalized intersection to note behaviors and
patterns in response to the variation of several traffic parameters;
and

The development of an expert system designed to rate an all-way
stop-controlled intersection for its potential in being converted to a
roundabout, incorporating the results of the comparative analysis

and findings and recommendations in existing roundabout guides.

1.3 Scope of the Thesis

Research for this project has involved reviewing the FHWA’s
Roundabouts: An Informational Guide [6] as well as a number of state departments of
transportation roundabout guides previously published. Numerous studies evaluating
the implementation of roundabouts as replacements to other forms of intersection
control have also been collected and reviewed, Many of these studies were published

in trade journals such as the Transportation Research Record from the Transportation



Research Board (TRB) and The Journal of Transportation Engineering from the
American Society of Civil Engineers (ASCE). Nearly all of these were studies of U.S.
locations and for U.S. conditions.

It is assumed, that the AWSC intersection involved in these studies is
experiencing a large amount of accidents and/or failing in operational performance
(capacity, delay, etc.) or experiencing some other problems that require it to be
assessed for improvement. Otherwise, whether or not to convert to a roundabout
would not even be an issue for the intersection.

The comparative software analysis for this thesis is limited to the study of
an AWSC intersection, a single-lane roundabout, and a signalized intersection. The
focus of the comparisons was between the AWSC and roundabout intersections. All
intersections consisted of two perpendicular two-way roads; no other configurations
were evaluated. The parameters and their ranges chosen for use in the SIDRA
analyses are based on the FHWA’s Roundabouts: An Informational Guide [6].
Pedestrians and bicyclists were not considered in the comparative analysis. While the
SIDRA analyses were calibrated for Delaware/Maryland driver characteristics, the
developed expert system may be used by other states or agencies, as it is in general

applicable to all states.

1.4 Organization of the Thesis

The organization of this thesis is described below:

Chapter 2 presents some background information on all-way stop-
controlled intersections, but the majority of discussion is focused on roundabouts—
their history of use in the United States; their distinguishing design and operational

characteristics; the benefils that they provide in intersection operations, safety, and



costs; and the challenge in gaining public acceptance of them. Additionally, the
chapter discusses past studies comparing roundabouts with other forms of intersection
control, as well as existing federal and state roundabout guides.

Chapter 3 presents an overview of the SIDRA software and details the
collection of data for determining local gap acceptance parameters at roundabouts.
The set-up and results of the SIDRA analyses comparing all-way stop-controlled
intersections, roundabouts, and signalized intersections are also presenied in this
chapter.

Chapter 4 discusses the nature and history of knowledge-based expert
systems, as well as the Exsys CORVID software and the justification for its use in this
thesis.

Chapter 5 discusses the development of the roundabout rating system and
its verification using real traffic data.

Chapter 6 is a summary of the thesis and provides conclusions as well as
general recommendations drawn from this work.

Appendix A contains tables of data obtained from the SIDRA sofiware
analyses for AWSC, roundabout, and signalized intersections for all test scenarios.

Appendix B contains graphs of the SIDRA software analyses for AWSC
and roundabout intersections showing changes in each MOE as each test parameter
was varied.

Appendix C contains the variables and logic blocks for the developed

expert system.



Chapter 2

BACKGROUND AND LITERATURE REVIEW

2.1 All-Way Stop Control Intersections

All-way stop control (AWSC) intersections are the most frequently used form
of intersection control in the United States [3]. AWSC is also commonly used
throughout the world to control intersections where traffic volumes are relatively low
and approximately equal among all approaches. Since the public tends to view stop
signs as the answer {o most traffic problems, residents in neighborhoods are likely to
request AWSC as a means of slowing vehicle speeds and reducing the amount of cut-
through traffic. Traffic engineers, however, disapprove of using AWSC for residential
traffic management, for a number of reasons: such installations are not warranted in
the FHWA Manual on Uniform Traffic Control Devices (MUTCD) [4], they increase
non-compliance with stop signs because drivers tend to disregard traffic control
devices that they deem unnecessary, and they increase vehicle delay, operating costs,
and air pollution. Cottrell [7] presented the results of five studies of stop sign
compliance, which found that the majority of drivers (percentages ranged from 30 to

89 percent) performed a rolling stop instead of a full stop at stop signs.



All approaches at an AWSC intersection are considered equal in the hierarchy
of the priority of departure, and so every driver must come to a stop before
determining if it is safe to enter the intersection. AWSC intersections typically operate
with the “yield-to-the-right” rule. At or near capacity, however, an alternating pattern
develops as drivers from opposite approaches enter the intersection at roughly the
same time. Some interruption of this pattern occurs when there are conflicts between
turning movements, but in general north-south streams alternate with east-west
streams [8].

The requirement that every vehicle must come to a complete stop at an AWSC
intersection can at times cause unnecessary delay. Every vehicle arriving at the
intersection must come to a complete stop, regardless of whether or not there are any
conflicting vehicles present. When roundabouts are installed in the U.S., they most
often replace a two-way stop control (TWSC) or an AWSC intersection {9]. Surveys
of local and state agencies using roundabouts showed that the most common reason for
installing roundabouts was to reduce delay and improve safety. Right-angle crashes
and left-turn head-on crashes frequently occur at TWSC and AWSC intersections and

are the most severe of accidents.
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2.2 Roundabouts

2.2.1 History of Roundabouts in the United States

The first circular intersection in the United States, the Columbus Circle in New
York City, opened in 1905 [6]. However, this rotary and many other similar
intersections that were implemented primarily in the northeastern U.S. soon after, were
poorly designed and controlled. Because of these deficiencies, rotaries and t{raffic
circles experienced safety problems and tended to “lock up™ at higher traffic volumes.
By the 1950s, circular intersections had gained a bad reputation among traffic
engineers and the general public alike, and many were signalized or completely
replaced by signalized intersections [S].

The modern roundabout was developed in the 1960s by researchers in the
United Kingdom with design features specifically intended for avoiding the
operational and safety problems typical of the older traffic circles and rotaries [6]. The
terms “modern roundabout” or simply “roundabout” are used to differentiate this
intersection type from its faulty predecessors. Unfortunately, despite its improvements
in operation and safety, as well as popularity in Australia, Europe, and the Middle
East, the modern roundabout has been slow to caich on as a preferred type of
intersection control in the U.S. The majority of the public has a negative opinion of
roundabouts, most likely due to lingering memories of past experiences with problem-

plagued traffic circles and rotaries.
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The first two modern roundabouts in the U.S. were constructed in March 1990
in Summerlin, Nevada [5]. Since then, the use of roundabouts has spread to some
parts of the country, thanks to the efforts of traffic engineers who recognize the
success of roundabouts abroad. France, leading the world in roundabouts with an
estimated 15,000, has been building them at a rate of about 1,000 per year [5]. As of
2003, there were over 300 modern roundabouts in the U.S. Of these, 46 percent were
constructed between 2000 and 2003, and nearly all were constructed in the past ten
years. Over half are located in the western United States and 94 percent are in urban
or suburban areas. The most common geometric configuration is a single-lane
roundabout with four approaches, which accounts for over two-thirds of the total
number. Sixty-one percent of the nation’s roundabouts were converted from a stop-

controlled intersection [10].

2.2.2 Elements of Roundabouts
Older traffic circles and rotaries often incorporated one or several of the
following problematic design and operational features that are not permitted in modern
roundabouts:
= Entering vehicles had the right-of-way (this locks up the circle at
high volumes).
= Entries were regulated by stop signs or traffic lights (this reduces
fluidity and capacity).
= Entries were tangential to the circle (this encourages high entering

speeds).



s Pedestrians crossed onto the central island (this is unsafe for
pedestrians and disruptive to drivers).

#  The through movement cut through the circle (capacity, fluidity,
and safety benefits are lost by the need to signalize the central
intersection).

s Circulating traffic was controlled by a traffic signal or stop sign
(this decreases the fluidity of circulating traffic and lock up the
circle).

= Parking was permitted in the circle (this reduces the capacity and
safety of the circle by adding conflicts) [5].

Several key geometric and operational principles distinguish modern
roundabouts from other types of circular intersections. Most notable among these are
the yield-on-entry rule and the deflection of entering traffic.

The yield-on-entry rule gives the right-of-way to vehicles in the
circulatory roadway and requires that all vehicles waiting to enter the roundabout wait
for a gap in the circulating flow before doing so. This avoids the major problem of
*locking up” that aftlicts older traffic circles and rotaries under high traffic volumes,
when both the entering and circulating vehicles cannot move because of the incessant
flow of entering vehicles that are not required to yield. In contrast, when entering
vehicles yield to those circulating in modern roundabouts, excess demand is placed on
the approaches rather than on the limited area of the circulatory roadway [9].

The deflection of entering traffic helps transition vehicles from the straight
approach roadway to the circulating roadway in the roundabout and aiso slows

vehicles to a safe speed for entering the roundabout. No tangential entries are
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permitted as they were in traffic circles and rotaries, which facilitated high entry
speeds and consequently led to high occurrences of crashes [5].

Other characteristics of roundabouts are the counter-clockwise flow of all
circulating traffic, no parking permitted on the circulatory and entry roadways, and the
restriction of pedestrian crossings to behind the yield signs on the approaches. To
increase capacity, flared entries are often used to accommodate a greater number of
entering vehicles. One drawback to using flared entries, however, is an increase in
potential vehicle-vehicle conflict points, and so several states such as Maryland and
Florida do not allow flared approaches in their roundabouts [9].

The following key geometric features of modern roundabouts are shown in
Figure 2.1:

s The central island is the raised area in the center of a roundabout
around which traffic circulates.

s The splitter island is a raised or painted area on an approach used
to separate entering traffic from exiting traffic, deflect and slow
entering traffic, and provide storage space for pedestrians crossing
the road.

e The circulatory roadway is the curved path used by vehicles to

travel in a counterclockwise fashion around the central island.
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Figure 2.1 Drawing of key roundabout features [6].



= The apron is the mountable portion of the central island adjacent to
the circulatory roadway. It is usually required in smaller
roundabouts to accommodate the wheel tracking of large vehicles.

v The yield line is a pavement marking used to mark the peint of
entry from an approach into the circulatory roadway and is
generally marked along the inscribed circle.

s Accessible pedestrian crossings should be provided at all
roundabouts, set back from the yield line.

Bicycle treatments provide bicyclists the option of traveling
through the roundabout either as a vehicle or as a pedestrian.

e Landscaping buffers are provided at most roundabouts to separate
vehicular and pedestrian traffic and to encourage pedestrians to

cross only at the designated crossing locations [6].

2.2.3 Potential Benefits of Roundabouts

2.2.3.1 Capacity and Delay

Unlike other forms of intersection control, roundabouts allow vehicles
from all approaches to enter the intersection simultaneously, and do not require all
vehicles to come to a complete stop. This creates a generally smooth, continuous flow
of traffic as well as improved operational performance in comparison to conventional
intersections. Delays can be reduced by as much as 75 percent when a roundabout
replaces a stop- or signal-controlled intersection [11]. Much of the delay experienced

at these intersections is due to the stop requirement, which at times is unnecessary.
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For example, when a vehicle approaches a stop sign or red light, it must come to a
complete stop, regardless of whether or not there are any conflicting vehicles present,
thus increasing the delay it experiences. In contrast, the same vehicle at a roundabout
would only slow to a safe speed to enter the roundabout and then proceed to travel
through it.

Delay at roundabouts is generally evenly distributed among all approaches
while at signalized or two-way stop-controlled intersections, minor road vehicles
experience significantly greater delay than major road vehicles. The “equal
opportunity” granted to all entering vehicles at roundabouts also contributes to a
decreased overall delay.

Another primary reason for the reduction in delay associated with
roundabouts is the elimination of left-turn delay that is common at stop- and signal-
controlled intersections. Left-turns are the most difficuit movement for drivers at
conventional intersections, as they must cross two streams of traffic flow to complete
the maneuver. Consequently, left-turning vehicles generally experience the greatest
delay, and in the case of shared movement lanes, this delay is also passed on to all
vehicles waiting in line behind the left-turning vehicles. Modern roundabouts
eliminate these scenarios by converting all movements to right turns and requiring
entering vehicles to interact with only one stream of traffic.

A decrease in delay at roundabouts translates to an increase in capacity, as

more traffic can be handled in the same amount of time as compared to stop-controlled
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intersections. The reduced speeds of circulating vehicles may also help in increasing
capacity at roundabouts. Vehicles on an approach require a gap in the stream of
circulating vehicles in order to accelerate and merge with this traffic. The faster the
circulating vehicles, the larger the gaps that entering drivers comfortably accept.
Thus, slower circulating vehicles create more acceptable gaps, allowing more vehicles
to enter the roundabout and increasing the capacity [12].

A 1998 study by Flannery et al. {9] of five U.S. intersections compared
control delay at the sites before and after they were converted to single-lane
roundabouts. Field measurements of control delay at the sites before the conversions
were not available and so they were estimated using the definition originally used in
the 1997 update of the Highway Capacity Manual (HCM): control delay consists of
move-up time in the queue and service time at the front of the queue. Shortly after the
1997 HCM was published, however, the definition was changed to include
deceleration and acceleration times of vehicles entering an intersection. Deceleration
time is the time spent slowing down to join the back of the queue on the approach and
acceleration time is the time spent speeding up from the front of the queue to cruising
speed. Field measurements were {aken at the newly installed roundabouts and showed
a reduction in control delay at all but one of the sites. The reason for no reduction at
one site appears to be due to a change from 15 s/veh of delay on one approach and
zero delay on the others to a more uniform delay among all approaches after

installation of the roundabout. At another site, control delay was reduced from an
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estimated 163.52 to 3.36 s/veh. The large “before” delay was primarily due to a heavy
left-turning volume from a minor approach, which was estimated to experience nearly
320 s/veh delay before the conversion, after which it experienced 4.41 s/veh delay.

A 2005 study [13] for the Kansas Department of Transportation by
researchers at Kansas State University compared the operational performances of 11
intersections (4 AWSC, 4 TWSC, and 3 signalized) before and after their conversions
to modern roundabouts. Traffic flow data were collected for each location before and
after conversion and analyzed with aaSIDRA traffic analysis software, version 1.0.
The results showed statistically significant decreases of 65 percent in average
intersection delay, 44 percent in 95% queue length, 53 percent in degree of saturation,
and 52 percent in proportion of vehicles stopped.

A 2006 report [14] from researchers at the Insurance Institute for Highway
Safety (ITHS) and Kansas State University discussed the performances of newly
installed roundabouts in three small communities having limited prior experience with
roundabouts. The previous intersection control consisted of a T-intersection at two of
the sites and an AWSC intersection at the third site. Traffic flow data were collected
before and after the conversions via video camera, and to ensure that the two sets of
data were based on comparable traffic volumes, the peak traffic counts of each site
taken before and after the conversions were subjected to a series of statistical tests.
The report presents data for the morning and evening peak periods combined.

Operational measures of performance were estimated for the periods before and after
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conversion using aaSIDRA traffic analysis software, version 2.0. Results from the
analysis indicated significant decreases in delay and the number of vehicle stops for
each of the three sites following installation of the roundabouts; the three sites
experienced reductions of 83 to 93 percent in average delay during peak hours. Traffic
congestion, measured by degree of saturation (volume-to-capacity ratio), was reduced
by 58 to 84 percent at the sites. The study found conversion to a roundabout was
particularly effective at the former AWSC location in reducing the number of vehicle
stops. Wilcoxon nonparametric and t-tests found the changes at each site to be

statistically significant.

2.2.3.2 Fuel Consumption and Emissions

Mobile sources pollute the air through combustion and fuel evaporation.
These emissions contribute greatly to air pollution nationwide and are the primary
cause of air pollution in many urban nations. The term “tailpipe emissions™ refers to
the pollution that is created as a by-product of the engine combustion process and from
evaporation of fuel. Tailpipe emissions include: unburned hydrocarbons (HC),
nitrogen oxides (NOx), carbon monoxide (CO), carbon dioxide (CO,), and particulate
matter (PM). According to studies by the Environmental Protection Agency (EPA),
on-road mobile sources (cars, trucks, and motorcycles) account for 29 percent of HC
emissions, 51 percent of CO emissions, 34 percent of NOx emissions, and 10 percent
of PM emissions [15]. The reduction in delay experienced at roundabouts translates to

a reduction in both fuel consumption and emissions, since vehicles spend less time



waiting and idling on approaches. Several studies have been published evaluating this
relationship.

Varhelyi [16] investigated the effects on CO and NOx emissions and fuel
consumption at twenty-one Swedish intersections—one signalized and twenty yield-
regulated—that were converted to small roundabouts. Traffic counts showed no
significant changes between volumes before and after the instaliations of the
roundabouts. In order to register driving patterns, a “car-following” method was used
in which randomly selected cars were followed with an instrument-equipped car that
attempted to imitate the followed car’s driving pattern as closely as possible. The
replacement of the signalized intersection resulted in an average decrease of 29 percent
in CO emissions, 21 percent in NOy emissions, and 28 percent in fuel consumption.
Delay increased for cars traveling on major streets and decreased for those traveling on
minor streets at the yield-regulated intersections, because of the “equal opportunity”
given to all approaches. This translated into overall increased emissions and fuel
consumption for major streets and decreased emissions and fuel consumption for
minor streets. Considering average traffic volumes in an average junction, total CO
emissions increased by 6 percent, NOx emissions increased by 4 percent, and fuel
consumption increased by 3 percent. Comparing the relatively large decreases for the
signalized intersection and the relatively small increases for the yield-regulated
intersections, Viarhelyi concluded that, “reductions at a rebuilt signalised [sic]
intersection can “compensate for” the increase of emissions and fuel and fuel
consumption at several yield regulated intersections rebuilt as roundabouts.”

Mandavilli et al. {17] studied the impact of modern roundabouts on

reducing vehicular emissions at six U.S. intersections. Prior to the installation of



single-lane roundabouts, four of the intersections were TWSC and two were AWSC.
Traffic data for both morning and evening peak hours were collected before and after
the conversions and analyzed using aaSIDRA traffic analysis software, version 2.0.
The analysis found statistically significant decreases in delay, queuing, and stopping
after the modern roundabouts were installed. These decreases correspond to decreases
in the emissions rates provided by the software. For the morning peak hour data, the
analysis showed statistically significant decreases of 21 percent in CO, 16 percent in
CO4, 20 percent in NOx, and 18 percent in HC, For the evening peak hour data, the
software results also showed statistically significant decreases of 42 percent in CO, 59

percent in CO,, 48 percent in NOy, and 65 percent in HC.

2.2.3.2 Safety

Intersections are among the most complex situations that drivers encounter
in a roadway system. The various turning and entering movements of drivers,
pedestrians, and bicyclists create numerous conflict points where crashes can occur.
Making things considerably more dangerous are those drivers who intentionally and
unintentionally disobey traffic controls such as stop signs and red lights. In 2004, over
45 percent (2.7 million) of the total vehicle crashes in the United States were
intersection-related, as were approximately 45 percent (900,000) of all injury crashes
and 21 percent (9,117) of all fatal crashes [18)]. Furthermore, side-impact crashes
primarily occur at intersections and consistently comprise over one-third of vehicle
occupant deaths [18]. Despite efforts from traffic engineers to create safer intersection

designs and controls, the number of yearly intersection-related injuries and fatalities
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has not significantly improved. Numerous studies have demonstrated the safety
improvements experienced when roundabouts replace conventional intersections,
particularly those with a history of accidents.

Roundabouts increase safety in two ways: by reducing vehicle speeds and
by reducing the number of conflicts possible in the intersection. Vehicle speeds are
effectively reduced by the two distinguishing design features of a roundabout, the
deflection of entering traffic and the yield-on-entry rule, which force vehicles to slow
to speeds of 20 mph (30 km/h} and below in order to safely negotiate the circulatory
roadway [18]. The yield-on-entry rule also preempts the need for a traffic signal, thus
eliminating drivers who feel compelled to “beat the red light” or be the first to cross
the line when the light turns green {11]. In principle, lower vehicle speeds create the
following safety benefits, among others:

= Reduce crash severity for pedestrians and bicyclists, including
older pedestrians, children, and impaired persons;

= Provide more time for entering vehicles to judge, adjust speed for,
and safely enter a gap in the circulating traffic;

» Provide more time for all users to detect and correct for their
mistakes or mistakes of other users;

¥ Make collisions less frequent and less severe; and

s Make the intersection safer for novice users [6].



Left turns against opposing or oncoming traffic, right-angle conflicts, and
front-to-rear conflicts (occurring when a lead vehicle stops for a signal or stop sign)
account for two-thirds of police-reported crashes on wrban arterials [19]. Left-turn
head-on collisions and right-angle collisions are common at conventional intersections
and are typically the most severe of accidents. The severity of a collision is
determined largely by the speed and angle of impact. Red-light-running crashes, for
example, involve right-angle impacts at relatively high speeds and are among the most
injurious [19]. In contrast, since vehicles enter and exit roundabouts only through
right turns, these dangerous vehicle movements and conflicts are eliminated and the
collisions that can occur are typically only small-angle collisions at relatively low
speeds.

The number of conflict points in an intersection correlates to the number
of accidents at that intersection. Conflict points are locations where the paths of two
vehicles, or a vehicle and a pedestrian or bicyclist, can merge, diverge, or cross. A
comparison of the vehicle-vehicle conflict points in a conventional intersection and a
roundabout intersection, both with four legs and two-lane roads, is shown in Figure
2.2, The figure shows how, by converting all movements to right turns, roundabouts
decrease the total number of vehicle-vehicle conflict points by 75 percent, from thirty-
two to eight. Specifically, both the merging and diverging conflict points are halved,
and the crossing conflict points are entirely eliminated. This reduced number of

conflicts translates to reduced opportunities for crashes to occur.



@ Diverging 8

@ Merging B

O Crossing 16
32

(=
W

-

@ Diverging 4
@ Merging 4
O Crossing 0

8

Figure 2.2 Comparison of vehicle-vehicle conflict points for a traditional
intersection and a roundabout with four single-lane approaches [6].



Flannery et al. {9] assembled accident data for five U.S. intersections—
two T-intersections and three TWSC intersections—that were converted to single-lane
roundabouts. The data consisted of accident rates as well as fatality and injury data for
the intersections before and after their conversions. The study found that accident
frequency (accidents per year) and accident rates (accidents per million entering
vehicles per intersection per year) were reduced at all but one location. A one-sample
t-test was used to test for statistical significance and found that the before and after
frequencies appear to not be the same at the 95 percent confidence level for both
reductions. The five intersections experienced a combined 20 injury accidents,
including one right-angle fatal accident, while under the stop-control. After being
replaced by roundabouts, only one injury accident was reported among the five
intersections, as a result of a rear-end accident on an approach leg.

The Insurance Institute for Highway Safety (ITHS) [11] reported a 2000
study by researchers at Ryerson Polytechnic University, IIHS, and the University of
Maine comparing crashes and injuries at 24 intersections before and after their
conversions from stop sign or signal control to roundabouts. The study found a 39
percent decrease in all crashes and a 76 percent decrease in injury-producing crashes.
Crashes involving fatal or incapacitating injuries were decreased up to 90 percent.

Persaud et al. [19] compared accident data before and after 19 stop sign-
controlled and 4 traffic signal-controlled intersections were converted to modern

roundabouts between 1992 and 1997. The 23 intersections are located in seven states



and include a mix of urban, suburban, and rural settings. Fourteen of the roundabouts
are single-lane and nine are multi-lane. The study was conducted using the empirical
Bayes procedure, which accounts for regression to the mean and for traffic volume
changes that usually accompany conversion of intersections to roundabouts. For the
group of eight urban, single-lane roundabouts converted from stop control, the
procedure estimated highly significant reductions of all crashes by 72 percent and of
all injury crashes by 88 percent. Similarly, for the group of five rural, single-lane
roundabouts converted from stop control, the procedure estimated a 58 percent
reduction of all crashes and an 82 percent reduction of injury crashes. For all 23
intersections in the study, the empirical Bayes procedure estimated highly significant
reductions of 40 percent for all crashes, 80 percent for injury crashes, and 90 percent
for fatal and incapacitating injury crashes. Injury data were not available for 4
intersections before conversion; however, for the 19 intersections with injury data,
there were 27 incapacitating injury crashes and three fatal crashes before the
conversions. After the conversions, there were only three incapacitating injury crashes
and no fatal crashes. Crashes involving pedestrians and bicyclists were also reduced
following conversion, however, these samples were too small to give conclusive
evidence concerning these groups.

The Maryland State Highway Administration (SHA) released a 2004
report [20] evaluating the effectiveness of roundabouts in the state, particularly in

safety improvements. Single-lane roundabouts were found to perform better than



TWSC, AWSC, and signalized intersections in safety performance. Accident data
were collected for fifteen locations in Maryland where single-lane roundabouts were
installed between April 1993 and December 2001. The data showed a 68 percent
reduction in the total accident rate, a 100 percent reduction in the fatal accident rate, an
86 percent reduction in the injury accident rate, and a 41 percent reduction in the
property damage only accident rate. Other findings include a 93 percent reduction in
right-angle accidents, a 27 percent reduction in rear-end accidents, a 52 percent
reduction in sideswipe accidents, and a 97 percent reduction in left-turn accidents.
The data also showed a 474 percent increase in fixed object accidents (usually
involving curbs) that were mainly caused by drivers not slowing to proper speeds for

using the roundabout and by alcohol or drugs.

2.2.34 Costs

The costs associated with roundabouts include those for engineering and
design fees, land acquisition, construction, operating, maintenance, and landscaping.
Operating costs for roundabouts generally consist of illumination costs. Maintenance
costs consist of re-striping and repaving as necessary, and snow removal and storage.
These costs also exist for other unsignalized intersections, though those for
roundabouts may be somewhat higher. Landscaping costs depend on the amount of
landscaping used at the roundabout and consist of pruning, mowing, and irrigation

system maintenance costs [6].



The major savings in costs associated with roundabouts are most apparent
when making comparisons with signalized intersections, as roundabouts eliminate the
high installation and maintenance costs of traffic signals. Installing a traffic signal
costs an estimated $150,000, while electricity consumption and routine maintenance,
which includes periodic light bulb and detection maintenance and regular signal timing
updates, can run up to $3,000 per year {14]. Ilumination costs for roundabouts and
signalized intersections are more or less the same. The approximate service life of a
roundabout is over twice as long as that for a signalized intersection: 25 years for a
roundabout versus 10 years for a typical signal [6].

Construction costs could end up being higher for a roundabout than for a
signalized intersection, depending on the amount of new pavement area needed to
accommodate the circulatory roadway or the extent of other roadway work within and
around the dimensions of the roundabout. If a signalized intersection can be installed
without requiring significant modifications to the pavement area or curbs, a
roundabout is very likely to be more expensive; however, if a completely new
intersection is being built or if a signalized intersection requires widening on its
approach roadways, a roundabout can be comparable or less expensive in construction
costs {6].

A 2004 report {20] from the Maryland SHA included cost/effectiveness
and benefit/cost evaluations of 15 intersections in the state where single-lane

roundabouts replaced conventional intersections. The cost/effectiveness evaluation
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indicated the number of dollars spent to reduce a single accident. The analysis found
that for every accident reduced, $13,146 was spent and estimated the weighted average
accident cost for a single accident to be approximately $100,000. The benefit/cost
evaluation indicated the ratio of the anticipated rate of return in safety benefits
{accident reduction) for a 15-year service life of the roundabouts as compared to the
amount of dollars spent on these projects taking into account the invested capital that
could be recuperated over the same 15-year service life. This analysis found that for
every dollar spent on the roundabout installations over the entire 15-year service life,
there is a return of approximately 15 dollars to be realized through accident reduction.
These calculations were based on comparisons of the expected number of accidents
had no roundabouts been installed compared to the actual number of accidents at the

study sites.

2.2.3.5 Community Enhancement

In some cases, roundabouts have been proposed as an effort in enhancing
the appearance of the surrounding area at an intersection, rather than as a solution to
operational or safety problems. Such projects are located in both commercial and civic
districts, as a gateway treatment to convey a change of environment and to encourage
traffic to slow down.

The central island, splitter islands, and perimeter of the roundabout

provide space for landscaping to enhance the aesthetics of the intersection. In
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addition, residents have also used sculptures and fountains in order to provide an
altractive entrance to their communities.
The ability to improve aesthetics at a location can also be helpful in

increasing public acceptance of a proposed plan for a roundabout.

2.2.4 Public Acceptance of Roundabouts

Oftentimes, a lack of proper knowledge causes residents in communities
near planned roundabouts to become one of the biggest challenges to proposed
projects, Most likely the majority of the opposing public incorrectly associates
roundabouts with older problem-plagued circular intersections that they have either
experienced first-hand or heard about from others. When communities have gone
ahead and installed roundabouts despite public opposition, they often find that “seeing
is believing,” as public acceptance generally increases once local residents adapt to
this new form of traffic control [6].

A 2005 study [14] led by the Insurance Institute for Highway Safety (HHS)
evaluated the effect of new roundabouts in three small communities with limited prior
experience with roundabouts. The roundabouts were installed in 2004, replacing two
T-intersections and one AWSC intersection. The researchers contacted local residents
via telephone surveys to compare public opinion of the roundabouts before and after
their installations. In all three communities combined, the proportion of residents who

opposed new roundabouts decreased from 54 to 36 percent, the proportion of those
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who favored new roundabouts increased from 36 to 50 percent, and the proportion of
those who neither opposed nor favored new roundabouts increased from 9 to 14
percent. This pattern of change was statistically significant for the communities
combined, and was more or less consistent in each of the three communities.

When residents were asked for their reasons for opposing roundabouts, the
most common answer given was that roundabouts are unsafe; 24 percent of residents
gave this reason before the roundabouts were built and 23 percent after. Other reasons
given by drivers included that they found roundabouts confusing and that they simply
prefer traffic signals. Despite a substantial decrease in delay and vehicle stops,
residents also cited traffic congestion as a reason for their opposition. A possible
explanation for this is that the surveys were conducted within two months of the
installations and so residents may still have had recent memories of the temporary
delays and other inconveniences during the construction process. Another explanation
could be that drivers viewed the reduced speeds induced by the roundabouts as traffic
congestion.

Information campaigns should be performed when planning to install
roundabouts in comrmunities with little knowledge or experience with modern
roundabouts. Public workshops and informational brochures should be used to show
the public the design of the proposed roundabout, general information about

roundabouts, and how to use a roundabout. These measures can help familiarize the
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public on the operational and safety benefits of modern roundabouts and help mitigate

opposition based on incorrect presumptions,

2.3 Past Studies Comparing Roundabouts with Other Intersection Types

It is important that roundabouts are properly designed and located where
they can improve traffic flow and safety. Despite their operation and safety benefits,
roundabouts are not the best solution at all locations. Intersection characteristics that
have been identified as unfavorable to roundabouts include very unbalanced traffic
flows (i.e., very high traffic volumes on the main street and very light volumes on the
side street), locations where topographic or site constraints limit the ability to provide
appropriate geometry, and locations in close proximity to persistent bottlenecks [14].

Roundabouts usually require more space for the circular roadway and
ceniral island than the rectangular space inside traditional intersections. Therefore,
roundabouts often have a significant right-of-way impact on the corner properties at an
intersection, particularly when compared with other forms of wunsignalized
intersections [6].

Sisiopiku and Oh {21] compared the performance of roundabouts with
intersections under yield-control, TWSC, AWSC, and signal control in order to
determine traffic and design conditions for which roundabouts are viable alternatives

to traditional intersection types. The intersection types were evaluated under a number
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of scenarios of varying volume, turning volume splits, number of approach lanes, and

lane widths. Basic assumptions for each intersection type were as follows:

Roundabouts: minimum island diameter of 24 m (78.7 ft),
circulating lane width of 9 m (29.5 ft), lane width for flare equal to
3.96, 4.96, and 5.96 m (13, 16.3, and 19.6 f1), volume ratio by
approach of 1:1:1:1, and left turn percentage of 10, 20, and 30
percent.

TWSC: volume ratio by approach of 1:1:1:1 and 1:99:1:99, and
left turn percentage of 10 percent.

AWSC: volume ratio by approach of 1:1:1:1, and left turn
percentage of 10 percent.

Yield Control:  Volume ratio by approach of I:1:1:1 and
1:99:1:99, and left turn percentage of 10 percent.

Signal Control: Volume ratio by approach of 1:1:1:1, left turn
percentage of 10 percent, two-phase signal, and cycle length of 60

to 120 seconds.

SIDRA traffic analysis software was used to compare the intersection

types on the basis of capacity and average delay. The degree of saturation (volume-to-

capacity ratio) was also used to compare the performance between roundabouts and

signalized intersections. Among other conclusions, the study found that for both light

and heavy volumes, AWSC experiences greater delay than roundabouts or signals.
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For intersections with two-lane approaches and heavy traffic volumes, roundabouts
showed a better performance than any other intersection type. For heavy left-turn
volumes, roundabouts with two-lane approaches showed better performance than any

other intersection type in terms of capacity and delay.

2.4 Existing Roundabout Guides

2.4.1 Federal Highway Administration (FHWA)

Roundabouts: An Informational Guide [6] was published in 2000 and is
frequently referred to simply as the FHWA Roundabout Guide. The guide aims to
provide general information, planning techniques, evaluation procedures for assessing
operational and safety performance, and design guidelines for roundabouts. The
FHWA Roundabout Guide offers the following planning level guidance for
comparisons of control modes: “A roundabout will always provide a higher capacity
and lower delays than all-way stop control operating with the same traffic volumes and
right-of-way restrictions” [6].

The FHWA Roundabout Guide recommends that roundabouts be designed
to operate at no more than 85 percent of their estimated capacity. Degree of saturation
is the ratio of the demand at a roundabout entry to its capacity (V/C). When the degree
of saturation exceeds 0.85 the operation of the roundabout will likely deteriorate
rapidly, particularly over short periods of time. Queues may form and delay begins to

increase exponentially.

35



The guide includes analyses of roundabout capacities for planning
purposes. Figure 2.3 shows maximum service average annual daily traffic (AADT)
volumes for a four-leg roundabout. The analyses for this figure consisted of number of
assumptions. The proportion of the AADT assigned to the design hour, or the K
factor, is equal to 0.1. The proportion of two-way traffic that is assigned to the peak
direction, or the D factor, is equal to 0.58. The proportion of traffic on the major street
was assumed o be between 0.5 and 0.67. All analyses assumed a four-leg
intersection. Right turns were assumed to be 10 percent in all cases. The maximum
service volumes shown in Figure 2.3 are for a range of left turns from O to 40 percent
of the total volume. The lines relevant for this thesis involve single-lane roundabouts,
or the bottom set of two lines. Note that as the lefi-turn percentage increases, the
capacity of the roundabout steadily decreases. Also note that as the proportion of

traffic on the minor road increases, the capacity of the roundabout also increases.
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Figure 2.3 Maximum daily service volumes for a four-leg roundabout {6].
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The FHWA Roundabout Guide also includes a short section comparing
roundabouts with conventional intersection control. Section 3.5.2 of the guide
compares roundabouts with AWSC intersections. The selection of a roundabout as an
alternative to AWSC should emphasize cost and safety considerations, because
roundabouts always offer better performance for vehicles than AWSC, given the same
traffic conditions (in accordance with the aforementioned assumption made in the
guide that roundabouts always provide higher capacity and lower delays than AWSC
intersections operating with the same traffic volumes and right-of-way limitations). A
substantial part of the benefit of a roundabout compared to an AWSC intersection is
obtained during the off-peak periods, because the restrictive stop control applies all
day. Left turning vehicles degrade the operation of all traffic control modes, but they
have a smaller effect on roundabouts than on stop signs or signals. The aaSIDRA
traffic analysis software was used to study both roundabout and AWSC control. The
results of this comparison are shown in Figures 2.4 and 2.5. The results are in terms of
potential annual savings in delay of a single-lane roundabout over an AWSC
intersection with one lane on all approaches, as a function of the proportion of left
turning traffic for single-lane approaches for volume distributions of 50 percent and 65
percent on the major street. Each figure has lines representing 10, 25, and 33 percent
left turn proportions. As the figures show, the potential annual benefit is in the range
of 5,000 to 50,000 vehicle-hours per year. The benefit increases substantially with
increasing AADT and left turn proportions. The comparisons terminate when then
capacity of the AWSC operation is exceeded. No comparisons were made beyond

18,000 AADT, because AWSC is not practical beyond this point.
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Figure 2.4 Annual savings in delay of single-lane roundabouts versus AWSC,
50 percent of volume on the major street [6].
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Figure 2.5 Annual savings in delay of single-lane roundabouts versus AWSC,
65 percent of volume on the major street [6].
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2.4.2 Maryland State Highway Administration (SHA)

Roundabout Design Guidelines [22] was published by the State of
Maryland SHA in 1995 and was the first roundabout guide to be published in the U.S.
Its procedures are largely the same as the Australian Design Guide, which was
published in 1993, with conversions to U.S. standard units and right-hand driving.
Where necessary, the design guidelines were altered to conform to the practices of the
MUTCD and the American Association of State Highway and Transportation Officials
(AASHTO).

The 64-page guide recommends the use of SIDRA traffic analysis
software for the analysis of roundabout performance and also provides simple graphs
to obtain a general estimate of roundabout capacity when a high degree of accuracy is
not required. Guidance on geometric design, landscape design, signing and pavement
marking, lighting, pedestrian and bicycle considerations, and work zone traffic control
is provided. A roundabout benefit/costs analysis that requires a three-year period for
the collection of accident data is included as an appendix. At this time, the Maryland

SHA has adopting the FHW A Roundabout Guide [6] as its standard roundabout guide.

2.4.3 Florida Department of Transportation (FDOT)

The Florida Roundabout Guide {23) was published by FDOT in 1996 to
agsist in identifying appropriate sites for roundabouts and determining their preferred
configuration and operational features. In addition to providing guidance for
performance analysis (the use of SIDRA traffic analysis software is recommended),
geometric design, signing, marking, landscaping, and lighting of roundabouts, the 60-

page guide includes a chapter titled, “Roundabout Justification.” This chapter contains
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a discussion of intersection traffic control alternatives and identifies seven categories
representing reasons to install a roundabout:

»  Community enhancement

e Traffic calming

w  Safety improvement

= All-way stop alternative

@ Low volume signal alternative

»  Medium volume signal alternative

w  Special conditions (unusual geometry, five or more legs in the

intersection, eic.)
An eight-step “roundabout justification procedure” is also outlined in this

chapter to aid in the decision to install a roundabout:

1. Obtain common data

2. Identify justification category

3. Obtain data requirements specific to a particular category

4. Perform preliminary geometric design to establish feasibility
5. Analyze the performance of a roundabout

6. Analyze the performance of alternative control modes

7. Assess contraindications and propose mitigation treatments

8. Final recommendations

2.4.4 Pennsylvania Department of Transportation (PennDOT)
Guide to Roundabouts {24] was published by PennDOT in May 2001 and
is designed as a supplement to the FHWA Roundabout Guide [6] to aid in determining

whether or not a roundabout is a feasible alternative for a specific location. Unlike



other state DOT guides, this 98-page guide does not provide specific guidelines for
roundabout design; the reader is referred specifically to the FHWA Roundabout Guide
for further design criteria.

In addition to several case studies, the guide provides an eight-page
questionnaire with an array of questions and insights to help the analyst understand the
probable implications of a roundabout at a given intersection. An operational analysis
and conceptual geometric layout is generally required to answer the questionnaire. If a
roundabout is deemed feasible, alternative intersection control methods must be
evaluated and their performances compared with that of the roundabout.

The following categories are identified in the guide as primary reasons for
selecting a roundabout for control at an intersection:

®  Safety improvement

s QOperational improvement
@  Community enhancement
s Traffic calming

»  Special conditions {unusual geometry, right-of-way limits, etc.)

2.4.5 Washington State Department of Transportation (WSDOT)

Washington State does not currently have a state guide for roundabouts.
However, a 29-page chapter [25] was added to WSDOT’s Design Manual in late 2001.
The information presented is a summary of that found in the FHWA Roundabout
Guide [6], and the reader is referred to that document for more thorough guidance.
One section of the chapter recommends the following procedure when selecting a

roundabout for intersection control:
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I. Consider the context (are there constraints that must be

addressed?).

E\J

Determine the roundabout category and preliminary lane

configuration based on capacity requirements.

3. Identify the justification category (safety improvement, intersection
capacity improvement, queue reduction, or special conditions).

4. Perform the analysis appropriate to the selection category.

5. Determine the right-of-way requirements and feasibility.

6. Perform an economic evaluation (if additional right-of-way is
required or if other forms of intersection control are viable).

7. Contact all approving authorities to obtain concurrence that a

roundabout is an acceptable concept at the proposed location.

2.4.6 Kansas Department of Transportation (KDOT)

The Kansas Roundabout Guide [26] was published in October 2003 as a
supplement to the FHWA Roundabout Guide [6]. The 146-page guide includes
chapters discussing public involvement, planning, operational analysis, safety,
geometric design, traffic design (signing, pavement markings, lighting), and system
considerations (proximity to other traffic control devices, access management). The
guide recommends three performance measures for use in assessing the operating
performance for roundabout design: degree of saturation, average delay, and the 95"
percentile queue length. For design purposes, the guide recommends that the degree of
saturation not exceed 0.85. A brief guide for law enforcement in interpreting the

Kansas Motor Vehicle Code for roundabouts is included as an appendix.



2.5 Summary of Chapter 2

All-way stop-controlled intersections are not the panacea for traffic
problems, contrary to what much of the public tends to believe. Studies have found
that a large percentage of drivers fail to fully comply with the stop control at these
intersections, and “roll through” them instead. This may help explain why a large
proportion of injuries at AWSC intersections invelve right-angle collisions. The stop
requirement on all approaches of the AWSC intersection, regardless of whether or not
conflicting vehicles are present, creates undue delay for vehicles arriving at the
intersection.

Modern roundabouts are different from older rotaries and traffic circles in
distinct ways that help them avoid the problems that are common at these older
circular intersections. The two key features of modern roundabouts are the yield-on-
entry rule and the deflection of entering traffic. Since 1990, roundabouts have been
increasingly used as a form of intersection control in the United States, as more traffic
engineers and planners become familiar with them and recognize their potential
advantages over conventional intersections in operations, air quality, safety, costs, and
aesthetics.

Despite the proven success of roundabouts throughout the world, public
opinion in the United States remains Jukewarm. Residents are apprehensive of
installing these still-unfamiliar intersections and skeptical of their success due to past

experience with the older problematic circular intersections. However, many
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comumunities have found that once the roundabout has been constructed and the public
has become familiar with it, public opinion significantly increases to a positive view
on the use of roundabouts, showing that for the public, “seeing is believing”.

A study of roundabout performance versus signalized and unsignalized
intersection performances found that the roundabout provided the best performance for
intersections with two-lane approaches and under heavy traffic volume and for
intersections with two-lane approaches and heavy left-turning vehicle volume. The
study also found that AWSC intersection provided more delay than both roundabouts
and signalized intersections under light and heavy traffic volumes.

Findings in the FHWA Roundabout Guide [6] are similar, and so the guide
recommends using the assumption that a roundabout will always provide higher
capacity and lower delays than an AWSC intersection when operating under the same
traffic volumes and right-of-way restrictions. The guide also recommends that
roundabouts be designed to operate at no more than 85 percent of their estimated
capacity, as after this point, queues form and delay begins to increase exponentially.
Other findings of roundabout performance include that roundabout capacity steadily
decreases as left-turn percentage increases, and roundabout capacity increases as the
proportion of traffic on the minor road increases (i.e., volumes become more balanced
on the two roads). Since a roundabout always offers better performance for vehicles
than an AWSC intersection, the guide recommends that the selection of a roundabout

as an alternative to an AWSC intersection emphasize the cost and safety benefits.
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Several states have also developed their own roundabout guides, though
most refer readers to the FHWA Roundabout Guide {6] for more thorough guidance,
Those included in this chapter are from the Maryland State Highway Administration,
the Florida Department of Transportation, the Pennsylvania Department of
Transportation, the Washington State Department of Transportation, and the Kansas
Department of Transportation. Many of these identify roundabout justification
categories for use when selecting a roundabout. Among these justification categories
are: operational improvements, safety improvements, aesthetic improvements and

traffic calming,
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Chapter 3

aaSIDRA TRAFFIC ANALYSIS SOFTWARE

3.1 Overview of aaSIDRA Software

The traffic analysis software used for this thesis is aaSIDRA (Signalized
and unsignalized Intersection Design and Research Aid), also known as SIDRA,
version 2.1. Both the U.S. Highway Capacity Manual 2000 (HCM) and the FHWA
Roundabout Guide [6] recognize the SIDRA software package for use in the analysis
of intersection capacity, level of service, and other performance characteristics.
SIDRA uses an empirical gap-acceptance method to model roundabout performance
that takes into account both the roundabout geometry and driver behavior and is
applicable for both lefi-hand and right-hand driving. The software is capable of
analyzing signalized intersections (actuated and fixed-time), unsignalized intersections
(TWSC, AWSC, and yield-controlled), and roundabouts.

The SIDRA default roundabout critical gap and follow-up time values are
not fixed and are estimated as functions of the roundabout geometry, circulating flow,
and entry lane flows. The software package offers the option to use the HCM capacity
model as well as default gap-acceptance values based upon HCM parameters for two-
way stop sign controlled intersections and the HCM delay and queue equations for
signalized and two-way stop-sign controlled intersections. Analysis based on SIDRA

is therefore aptly suited to U.S. conditions. The SIDRA capacity model may also be
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calibrated as to better reflect road and local driver characteristics. Consequently, the

roundabout analysis conducted in this study has been calibrated for local driver

characteristics using critical gap and follow-up times determined from the data

collection.

Among the output provided by SIDRA are the following measures of

effectiveness (MOEs) used in this study:

Effective intersection capacity (vph): an aggregate measure of
intersection capacity determined as the ratio of tofal intersection
demand flow to the intersection degree of saturation, where the
intersection degree of saturation is the largest lane degree of
saturation considering all lanes of the intersection. This MOE was
introduced in aaSIDRA version 2.1, In previous versions, a simple
sum of all lane capacities was given as the total intersection
capacity, which may give a false impression about the ability of
intersections to handle demand volumes since it does not reflect

unused capacities.

= Average delay (s/veh): average control delay at the intersection,

which is the sum of stop-line delay and geometric delay.

Maximum 95% back-of-queue (ft): the 95" percentile extent of the
gueue relative to the stop line or give-way (yield) line during a
signal cycle or gap-acceptance cycle. The longest vehicle queue in
any lane at the intersection is used,

Degree of saturation: the ratio of arrival (demand) flow rate to

capacity during a given flow period. Also known as the volume-
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to-capacity ratio. The highest degree of saturation for any lane at
the intersection is used.
s Emissions (kg/hr): total emission rates of CO, CO,, HC, and NOx

for all vehicles using the intersection [27].

3.2 Determination of Local Gap Acceptance Parameters

3.2.1 Roundabout Site Selection

Any roundabout used in this study for data collection had to satisfy two
criteria.  Firstly, the roundabout must be single-lane, as this is the geomeiry used
throughout the SIDRA analysis. Secondly, it must experience adequate volume during
at least one peak hour so that the gap acceptance behavior of drivers entering the
roundabouts could be observed. As no sites adequately satisfying these criteria
presently exist in Delaware, it was decided to select locations in Maryland. Maryland
is among the leading states in roundabout use, with approximately forty-five existing,
three planned, and five proposed modern roundabouts [28]. Following consultation
with the Maryland State Highway Administration (SHA), two roundabouts were
chosen for this study {29]. One is located in Cecil County, at the intersection of MD
273 and MD 276, and the other is located in Queen Anne’s County, at the intersection
of MD 18 and Castle Marina Road. The two locations were selected for their similar
geometric and traffic characteristics, which satisfy the aforementioned criteria, as well
as for their relative proximity to Delaware. Both roundabout configurations consist of
four approaches, from the intersection of two perpendicular two-way roads.
According to data provided by the SHA, the roundabout intersection in Cecil County

was constructed in Fall 2002, was previously under signal control, has an Annual
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Average Daily Traffic (AADT) of 16,350 vpd (collected in 2000), and has inner and
outer diameters of 86 and 140 feet, respectively. Likewise, the roundabout intersection
in Queen Anne's County was constructed in December 1999, was previously under
two-way stop-control, has an AADT of 14,000 vpd (collected in 1999), and has inner
and outer diameters of 30 and 110 feet, respectively. Figure 3.1 shows the locations of

the roundabouts indicated on a map of the state of Maryland.

3.2.2 Data Collection

The roundabouts were visited for data collection on two separate days in
May 2005. Care was taken that the data were collected for normal traffic conditions,
i.e., during fair (not rainy) weather and on a day not close to a holiday or any other
event that would be the cause of unusual traffic. Based upon the recommendation of
the SHA, data at both roundabouts were collected during the afternoon peak period,
between 4 and 5 p.m. At each site, the approach with the highest entering and
conflicting volumes was identified and videotaped for one hour. The video camera
was placed on a tripod as far away from passing traffic as possible while still
maintaining a full view of the subject approach and its relevant section of the

circulatory roadway. Figure 3.2 shows a typical set-up for the video camera.
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Figure 3.2  Typical set-up of video recording equipment at study sites. (Cecil
County roundabout shown).




3.2.3 Data Reduction

The digital videotapes of the two Jocations were converted to high-quality
Quicktime movies so that they could be reviewed on a computer with ease. The
movies include timestamps accurate to HH:MM:SS'FF, where FF are frames, 30
frames/second.  Quicktime has excellent play and pause capability, which was
essential for obtaining accurate gap and follow-up times.  Data extracted from the
videotapes consisted of rejected fags and gaps, accepted lags and gaps, and follow-up
times. The lag was determined as the difference between the time at which an entering
vehicle arrived at the front of the queue and the time at which the next circulating
vehicle passed this location. The gap is defined as the difference in time between the
passages of two consecutive circulating vehicles at a point in front of the entering
queue. The follow-up time was determined as the time difference between the passage
of an entering vehicle into the roundabout and the arrival of the subsequent entering
vehicle to the front of the queue, recorded when a queue of at least three entering
vehicles existed. The effect of circulating vehicles exiting the roundabout at the
subject approach, on entering vehicles is not within the scope of this study and so was
ignored. Figure 3.3 shows an example of one frame of the Quicktime movie for the

Cecil County roundabout.
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3.2.4 Data Analysis

The use of gap acceptance parameters entails the assumption that drivers
reject all gaps shorter than the critical gap, and accept all those longer than the critical
gap. Each driver can reject nuimerous gaps but accept only one. The gap-acceptance
process at roundabouts is different than that at conventional intersections. Long gaps
at roundabouts are not meaningful because entering vehicles are not required to
consider them when making the decision whether or not to accept a gap [30]. Polus
and Shmueli [30] developed a model for estimating the gap size above which gaps are
not relevant in the gap-acceptance analysis for roundabouts. They concluded that gaps
longer than a certain threshold value (e.g., half of the peripheral length of the circle)
are not relevant in the acceptance process. The authors developed the following
equation for estimating the relevant gap based upon the radius of the path and the

operating speed of the circulating vehicles.

where:
G, = threshold gap for vehicles at roundabout (s);
R = radius of the path of vehicles around the central island (m); and

S = operating speed around the circle (m/s).

The average operating speed of circulating vehicles at both study sites was
estimated from the videotapes to be approximately 26 mph and therefore, according to
the above equation, the relevant gap is 8.2 seconds. That is, gaps larger than 8.2
seconds are assumed accepted by all entering vehicles and are therefore not relevant in

determining the critical gap.
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The critical gaps for each of the study sites were determined following
Drew’s method for accepted and rejected gap times [31]. With this method, accepted
and rejected are collected and two cumulative distribution curves constructed. One
curve represents the number of accepted gaps shorter than  and the other represents
the number of rejected gaps longer than ¢. The critical gap is taken as the point of
intersection of these two lines. Figures 3.4 and 3.5 show this method applied to each
of the study sites. The critical gaps found for the Cecil County and Queen Anne’s
County ronndabouts are 3.85 and 3.91 seconds, respectively. These values are slightly
below the range of 4.1 to 4.6 seconds indicated in the HCM 2000. Data extracted from
the videotapes consisted of 20 accepted and 161 rejected gaps for the Rising Sun
roundabout, and 29 accepted and 158 rejected gaps for the Castle Marina roundabout.

Follow-up time is the time interval between the departure of the first
vehicle in the queue and the arrival of the subsequent vehicle at the yield line under
continuous queue conditions. The overall follow-up time was found by determining
the median value of all follow-up times collected for each site. These values were 1.9
seconds for Cecil County (standard deviation of 0.89 seconds) and 2.1 seconds for
Queen Anne’s County (standard deviation of 0.66 seconds). These values are slightly
below those the range of 2.6 to 3.1 seconds found in the HCM 2000. Follow-up time
data extracted from the videotapes consisted of 82 times for the Rising Sun

roundabout and 114 times for the Castle Marina roundabout.
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Figure 3.4 Determination of critical gap for Cecil County roundabout.
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3.3 Test Scenarios of aaSIDRA Software Analysis

SIDRA software analyses were run to compare three intersection types:
AWSC, single-lane roundabout, and actuated signal. According to the FHWA
Roundabout Guide, roundabouts that are proposed as alternatives to stop control
would typically have single-lane approaches [6]. All approaching and departing lanes
are 12 feet wide, and the terrain is assumed to be level (zero percent grade). Gap
acceptance parameters used for roundabout analysis were a critical gap of 3.9 seconds
and a follow-up time of 2.0 seconds, which were the average of those vajues
determined for the two study sites.

The analyses varied volume ratio between the intersecting roads, turning
percentages, heavy vehicle percentages and ratio between the roads, and roundabout
diametes.

The volume ratios used were 1.00 and 1.33. When greater ratios were
attempted for the AWSC intersection, the software issued the following warning,
“AWSC capacity based on HCM 1994-Some data outside valid range.” Various
restrictions apply to the applicability of the AWSC capacity model as stated in the
HCM 1994, The method is not valid when approach volumes or turning proportions
exceed certain limits, and this is most likely the reason for the warning. Since these
ratios created problems for AWSC analysis, they were not used analyzing the other
intersection types.

The FHWA Roundabout Guide, in its own analyses of turning
percentages, assumed 10 percent right turns in all cases, and 0 to 40 percent left turns,
which exceeds the normal expectation for left turn proportions [6]. Along this line of

thought, the (left, through, right) percentages used in the analysis runs were (10, 80,
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10), (20, 70, 10), and (30, 60, 10). These percentages were the same among the four
approaches to the intersection.

Both the percentage of hezivy vehicles (HV) and the ratio of heavy
vehicles between the intersecting roads were varied. A ratio of 1.0 was tested for
“lower” values of 10 percent HV on both roads and for “higher” values of 20 percent
HV on both roads. Likewise, a ratio of 2.0 was tested for “lower” values of 10 percent
HV on one road and 5 percent HV on the other, and for “higher” values of 20 percent
HYV on one road and 10 percent HV on the other.

In addition to these parameters, the roundabout analyses varied the
inscribed diameter. The inscribed diameter is the length between the outside edges of
the circulatory roadway—that is, island diameter plus twice the circulating roadway
width. According to the FHWA Roundabout Guide [6], urban single-lane roundabouts
typically have inscribed diameters ranging between 100 and 130 feet. With an 18-foot
circulating roadway width, the inscribed diameters tested were 80, 100, and 120 feet
(island diameters of 44, 64, and 84 feet, respectively).

When varying one particular parameter, all others were held constant at a
designated default value. These defaults were: volume ratio of 1.0; turning
percentages of 10 percent left turns, 80 percent through, and 10 percent right turns; and
the lower heavy vehicle ratio of 1.0 (i.e., 10 percent heavy vehicles on both roads).
The default roundabout inscribed diameter was 100 feet.

These variations are summarized below. Default values are indicated in
bold.

= Road A /Road B volume ratio

o 1.00
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o 1.33
s Turning percentages (left, through, right)
Note: same on both roads

o (10,80,10)

o (20,70,10)

o (30,60,10)
s Heavy vehicles (Road A, Road B)

o (10,10)

o (20,20)

o (10,5)

o {(20,10)
» Roundabout inscribed diameter (feet)
Note: value in parentheses is island diamerer, assuming an 18-ft
circulatory roadway

o 80 (44)

o 100 (64)

o 120 (84)

34 Results of aaSIDRA Software Analysis

Al results obtained from the SIDRA software are included as Appendix

In a comparison of intersection control types, Sisiopiku and Oh [21] found
signalized intersection performance superior to the performances of other intersection
types when traffic demand was “heavy,” though no numerical values are indicated for

these demand volumes. The SIDRA data obtained for this study showed that for all



MOEs, the roundabout provided better operational performance (i.e., greater capacity,
lower delay, etc.) than the signal up to a certain total intersection demand volume at
which point the signal began to perform better than the roundabout. This crossover
point was determined to be 2400 vph for the degree of saturation, 2400 vph for the
effective intersection capacity, 2500 vph for the 95% queue length, 2500 vph for the
average delay, 2540 vph for CO, emissions, 2540 vph for HC emissions, 1900 vph for
CO emissions, and 2070 vph NOx emissions. Therefore, the average roundabout-
signal crossover volume was 2356 vph (total intersection demand).

The focus of the SIDRA analysis was a comparison of the roundabout and
AWSC intersection performances for each of the test scenarios. The results of this
comparison support the statement made in the FHWA Roundabout Guide, that
roundabouts always offer better performance for vehicles than AWSC, given the same
traffic conditions and right-of-way limitations [6). Compared to the AWSC
intersection, the roundabout provided a 190 percent increase in effective intersection
capacity, a 65 percent decrease in degree of saturation, a 41 percent decrease in queue
length, a 49 percent decrease in delay, an 11 percent decrease in CO; emissions, a 17
percent decrease in HC emissions, an 18 percent decrease in CO emissions, and a 12
percent decrease in NOx emissions. Table 3.1 summarizes these overall percentage
changes for the roundabout versus AWSC performances. Tables 3.2 and 3.3 present

more detailed data on the changes for each MOE scenario for both intersection types.
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Table 3.1 Change in MOE for roundabout compared to AWSC intersection.

MOE Roundabout vs. AWSC Performance
Capacity 190% increase
Degree of Saturation 65% decrease
Queue Length 41% decrease
Delay 49% decrease

CO> Emissions

11% decrease

HC Emissions

17% decrease

CO Emissions

189% decrease

NOy Emissions

12% decrease
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When the volume ratio between the inlersecting roads was increased from
1.0 to 1.33, effective intersection capacity was reduced but all other MOEs improved
for both the roundabout and AWSC intersections. AWSC capacity decreased an
average of 2.1 percent, while roundabout capacity decreased an average of 8.5 percent.
Degree of saturation, queue length, delay for the AWSC were reduced 10.4, 13.5, and
4.4 percent, respectively. The change in volume ratio had less effect on roundabout
performance, as these MOEs were reduced 4.1, 7.5, and 2 percent, respectively.
Emissions were decreased by similar amounts for both intersection types by an average
of 12.8 percent.

Changes in the proportion of left-turning vehicles had a greater effect on
the AWSC performance than on the roundabout. In general, an increase in left-turning
percentage led to a decrease in intersection capacity and decreases in all other MOEs.
When left-turns were increased from 10 to 20 percent, capacity was reduced 1]
percent, degree of saturation was increased 12.3 percent, queue length was increased
22.3 percent, and delay was increased 15.6 percent for the AWSC intersection.
Corresponding changes for the roundabout were smaller: capacity was reduced 1.9
percent, degree of saturation was increased 1.7 percent, queue length was increased 1.5
percent, and delay was increased 8.1 percent. When left-turns were further increased,
from 20 to 30 percent, greater increases occurred for the AWSC, while those for the
roundabout remained relatively the same as before. Emission rates experienced
similar patterns in change, being greater for the AWSC intersection, and increasing
with increased left-turn proportion.

For both intersection types, capacity was reduced and all other MOEs were

increased with the heavy vehicle scenarios in the following order: (10,5), (10,10),
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(20,10), {20,20). This inherently makes sense, as the scenarios consecutively increase
in overall heavy vehicle volume, which would affect intersection performance in a
similar manner. Decreases in capacity and increases in all other MOEs were similar
between the two intersection types when the heavy vehicle ratio was decreased from
2.0 (“lower” (10,5) and “higher” (20,10)) to 1.0 (“lower” (10,10) and “higher”
(20,20)). When heavy vehicle percentages were increased from the “lower” scenarios
((10,10) and (10,5)) to the “higher” scenarios ((20,20) and (20,5)), increases in queue
length, delay and emissions were similar for both roundabout and AWSC intersection.
Decreases in capacity and increases in degree of saturation, however, were greater for
the roundabout than for the AWSC intersection.

Roundabout capacity, degree of saturation, queue length, and delay were
not affected by changes in the range of diameters tested for this analysis. Reductions
in emissions were observed, however, as the roundabout diameter was increased. The
decreases in emissions were similar for both increases, from 80 to 100 feet and from
100 to 120 feet, with the average being 2 percent. All data for this MOE scenario is
presented in Table 3.3.

It is important to remember that, although certain MOEs for the
roundabout were affected more by changes in traffic conditions than those of the
AWSC intersection as described above, overall the roundabout still provided superior

performance than the AWSC intersection.

3.5 Summary of Chapter 3
The traffic intersection software used for this thesis is aaSIDRA
(Signalized and unsignalized Intersection Design and Research Aid), also known as

SIDRA, version 2.1. The software is capable of analyzing signalized intersections

68



(actnated and fixed-time), unsignalized intersections (TWSC, AWSC, and yield-
controlled), and roundabouts. Among the output provided by SIDRA are the
following measures of effectiveness (MOEs) used in this study: effective intersection
capacity, average delay, maximum 95% queue length, degree of saturation, and
emissions rates of CO, HC, COs,, and NOx.

The SIDRA default roundabout critical gap and follow-up time values are
not fixed and are estimated by the program as functions of the roundabout geometry,
circulating flow, and entry lane flows. The roundabout analysis conducted in this
study has been calibrated for local driver characteristics using critical gap and follow-
up times determined from data collection at two local roundabouts. As no sites
suitable for use in this study presently exist in Delaware, it was decided to select
locations in Maryland, Following consultation with the Maryland State Highway
Administration (SHA), two roundabouts were chosen for this study—one in Cecil
County and the other in Queen Anne’s County.

The critical gaps for each of the study sites were determined following
Drew’s method for accepted and rejected gap times. The critical gaps found for the
Cecil County and Queen Anne’s County roundabouis are 3.85 and 3.91 seconds,
respectively. These values are slightly below the range of 4.1 to 4.6 seconds indicated
in the HCM 2000. Critical gap data consisted of 20 accepted and 161 rejected gaps for
the Rising Sun roundabout, and 29 accepted and 158 rejected gaps for the Castle
Marina roundabout. The follow-up times found were 1.9 seconds for the Cecil County
roundabout (standard deviation of 0.89 seconds) and 2.1 seconds for the Queen Anne’s
County roundabout (standard deviation of 0.66 seconds). These values are slightly

below those the range of 2.6 to 3.1 seconds found in the HCM 2000. Follow-up time
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data consisted of 82 times for the Rising Sun roundabout and 114 times for the Castle
Marina roundabout.

SIDRA software analyses were run to compare three intersection types:
AWSC, single-lane roundabout, and actuated signal. Gap acceptance parameters used
for roundabout analysis were a critical gap of 3.9 seconds and a follow-up time of 2.0
seconds, which were the average between those values found for the two study sites.
The analyses varied volume ratio between the intersecting roads, turning percentages,
heavy vehicle percentages and ratio between the roads, and roundabout diameter. The
SIDRA results showed that for all MOEs, the roundabout provided better operational
performance (i.e., greater capacity, lower delfay, etc.) than the signal up to a certain
fotal intersection demand volume at which point the signal began to perform better
than the roundabout. The average roundabout-signal crossover volume was 2356 vph.

The focus of the SIDRA analysis, however, was a comparison of the
roundabout and AWSC intersection performances for each of the test scenarios. The
results of this comparison support the statement made in the FHWA Roundabout
Guide [6], that roundabouts always offer better performance for vehicles than AWSC,
given the same traffic conditions and right-of-way limitations. Compared to the
AWSC intersection, the roundabout provided a 190 percent increase in effective
intersection capacity, a 65 percent decrease in degree of saturation, a 41 percent
decrease in queue length, a 49 percent decrease in delay, an 11 percent decrease in
COs emissions, a 17 percent decrease in HC emissions, an 18 percent decrease in CO

emissions, and a 12 percent decrease in NOy emissions.

70



Chapter 4

KNOWLEDGE-BASED EXPERT SYSTEMS

4.1 Definition of Knowledge-Based Expert Systems

An expert is an individual who possesses considerable knowledge in a
particular field, acquired through training and experience, which allows him or her to
effectively and efficiently find solutions to problems. For non-experts, access to these
individuals is invaluable in getting advice and helping them make good decisions
quickly. However, being human, experts are not available to help at all times or other
situations arise where access to them is limited.

Knowledge-based expert systems (KBES), or expert systems, are
computer systems designed to model the interaction one would have with a human
expert. Expert systems embody the knowledge of experts and make it available 24
hours a day [33]. In addition, an expert system can logically explain the basis for its
conclusions, something that other artificial intelligence programs cannot do [32].
With these other forms of artificial intelligence, users are simply provided with
information and expected to understand and convert it to usable knowledge on their
own. Expert systems, on the other hand, enable people to solve complex decision-
making problems without training and without having to learn the underlying logic.
By asking the user questions in order to obtain information, the expert system
determines what additional information is needed and also avoids asking unnecessary

or redundant questions. The system reaches a conclusion and provides the user with
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one or more recommendations with varying degrees of confidence, and explains the
basis for these conclusions [37]. In short, an expert system is distinguished from
another form of artificial intelligence in that:

» It must deal with realistically complex problems that typically
require a considerable amount of knowledge and experience in
order to solve;

= It must be both highly reliable and quick in decision-making in
order to be a useful tool; and

w Jt must be capable of explaining and justifying its
recommendations in order to convince the user that the reasoning
is correct {32].

The principle difference between a knowledge-based expert system and a
conventional computer program is its structure. In a conventional computer system,
domain knowledge (i.e., specialized knowledge in a field) is intertwined with the
software for controlling the application of that knowledge, whereas in a KBES the two
roles are explicitly separated into two modules: the knowledge base (knowledge
module) and the inference engine {control module). The separation of knowledge
from its control is a valuable feature of expert systems, helping make it easier to
understand what knowledge is being used and how it is being used {35]. Additionally,
the separation allows new knowledge to be added with relative ease, whereas this
would require immersing oneself into the programming of a conventional computer
system [34].

The knowledge base contains specialized knowledge as provided by the

expert and may be rich with diverse forms of knowledge including problem facts,
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rules, concepts, and relationships [35]. Modeled after the reasoning ability of a human
expert, the inference engine is the expert sysiem’s knowledge processor, relating
information stored in the knowledge base with user-provided information in order to
draw conclusions. Information obtained from the user is stored in the system’s
working memory, which the inference engine matches with information in the
knowledge base in order to infer new facts, which are then added to the working
memory. This process continues until the inference engine reaches one or more
conclusions [35]. The inference engine determines what additional data is needed to
decide if a particular answer is appropriate and which answer is most likely, based on
the rules of the knowledge base. The relationships between these expert system
components are presented in Figure 4.1,

In developing an expert system, the decision-making knowledge and
procedures used by the human expert are converted to logical representation that the
computer system can process by defining “rules” that the inference engine analyzes
and combines to solve a larger problem. A large part of building an expert system is in
identifying each of the steps in the expert’s decision process and making it a heuristic
rule. While the heuristics for a decision-making process can be described in a number
of ways, the most effective and efficient is the IF-THEN rule [37]. IF-THEN rules
logically relate information contained in the IF part to other information contained in
the THEN part; when the IF part is found to be true, the statements in the THEN part
are also considered to be true [35). For example: IF the car will not start, THEN the

problem may be in the electrical system.
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Expert System

Knowledge Base

Domain Knowledge ) User

Inference Engine [——+ Case Facts
Working Memory Conclusions
Case/inferred Facts

Conciusions

Figure 4.1  Expert system problem solving [35].
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The IF-THEN rules of an expert system are very different from the simple
IF-THEN commands in a computer language such as C-++, all because of the inference
engine. Rules are not the same as lines of code, but are facts that are automatically
combined in various ways by the inference engine, making the expert system approach
“far more powerful, effective, and maintainable for knowledge delivery than
traditional programming techniques” [37].

Expert systems vary in the type of strategy used in reaching a conclusion,
and two important types of these strategies are referred to as “forward chaining” and
“backward chaining”. In the data-driven (forward chaining) strategy, the expert
system begins with a set of known information provided by the user, which is stored in
the working memory. Using rules from the knowledge base with premises that match
the known facts, the inference engine derives new facts and then adds these to the
working memory. This process continues until either a goal is met or until no more
rules exist having premises that match the facts in the working memory. Forward
chaining is a good technique to use with problems where information is first gathered
and from which logical conclusions must then be inferred, such as in planning,
monitoring, control, and interpretation. A drawback to a forward chaining strategy is
its inability to recognize the relative importance of information, and so it spends equal
amounts of time gathering both useful and trivial information [35].

In the goal-driven (backward chaining} strategy, the expert system begins
with a hypothesis that must either be established or refuted and then proceeds to gather
the necessary information [34]. The inference engine initially checks only rules that
directly lead to the goal, but moves on to other rules with THEN statements containing

the desired goal. The system then checks if the premises of these rules are contained
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in the working memory and if they are not, these then become new goals. Eventually
the system reaches a premise that is not supported by any rule and at this point the user
is asked to supply this information. Backward chaining is similar to hypothesis testing
in human problem solving, as it remains focused on a given goal and by asking a series
of related questions {35). It is a good technique to use for diagnostics, prescription,
and de-bugging. A disadvantage is that the backward chaining strategy will continue

to follow the same line of reasoning even if it should switch to another [35].

4.2 History of Knowledge-Based Expert Systems

Artificial intelligence (AI) is a field in computer science that studies the
development of computer systers capable of having human-like intelligence, such as
competent reasoning in decision-making. The Al field first emerged in the late 1950s
in an attempt to make computers more useful for humans as well as to better
understand human intelligence {35]. Early Al work mainly consisted of programs for
playing chess and checkers, but in 1960 the General Problem Solver (GPS) was
developed. GPS was a problem-solving technique capable of solving a variety of
problems from games to symbolic integration. In defining a problem in terms of
“states” representing the various stages of problem solving, it was the first technique
attempting to separate the knowledge of the problem from the problem solving
methods [35]). Among the problems associated with GPS, however, was the
realization that its computer time and memory requirements were impractical for
solving complex problems.

Considered by some to be the first real expert system, DENDRAL was
first developed in 1965 at Stanford University for identifying the molecular structure

of unknown substances. Stanford’s researchers, seeing that chemists first used
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heuristics to eliminate unnecessary possibilities and create a more manageable amount
of data, replicated this strategy in their program, This resulted in a computer program
that could quickly identify compounds just as reliably as a human chemist. The
pioneering aspect of DENDRAL was in showing other Al researchers that “intelligent
behavior is dependent not so much on the methods of reasoning as on the knowledge
one has to reason with” {35].
Also developed at Stanford University and called the “Grandfather of
Expert Systems” by some, MYCIN diagnoses and treats infectious blood diseases. It
was one of the first expert systems to use JF-THEN rules as well as backward chaining
and was also first to use certainty factors, which assign numerical values indicating the
confidence placed on am answer. Another distinguishing feature is the complete
separation of its rule base from its inference program. Discarding the MYCIN
knowledge base creates empty MYCIN or EMYCIN, upon which modern expert
system shells (discussed below) are based [33].
Other notable expert systems include:
s MACSYMA: for simplifying algebraic expressions; like
DENDRAL, it demonstrated the superiority of domain-specific
knowledge over general problem-solving methods [38];
s PROSPECTOR: for helping geologists locate valuable ore
deposits; built on the technology of MYCIN [33]; and
s HEARSAY II: for understanding spoken language, with a
vocabulary of 1000 words and a simple grammar [38].
Expert system shells are expert systems with empty knowledge bases.

They are commercially available for use in a variety of fields for functions such as:
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regulatory compliance, product selection/recommendation, customer/product support,
background menitoring, and smart questionnaires [37). The expert system shell
selected for use in this thesis is Exsys CORVID, version 3.2.1, which is discussed in

the following section.

4.3 Exsys CORVID Knowledge Automation Expert System Software

CORVID was created by Exsys, Inc., the first company that made practical
expert system development available for the PC in the early 1980s {37].

The CORVID inference engine combines rules with a goal-driven
(backward chaining) strategy, though it also supports the forward chaining approach to
logic. CORVID is based on Microsoft’s Visual Basic (VB), which is not a true goal-
driven programming language, but provides many goal-based features. This
simplification provides a goal-oriented structure with which the developer can easily
build systems using methods and properties of variables. Variables are the building
blocks that are used to build expert systems with CORVID. There are seven types of
variables, which share some characteristics, but each one has a special functionality
and capability. Variables are used to define the logic in the logic blocks (discussed
below), to hold user data during a session, and to define the goals of how the system
will run [37].

Previons Exsys tools used tree logic diagrams and individual IF-THEN
rules that often required multiple trees and rules to collectively provide a decision-
making step, which created difficulty in organizing logic. CORVID introduces the
concept of logic blocks in managing logic. Logic blocks are combinations of rules and
trees and a unique way of defining, organizing, and structuring rules into logically

related blocks. Rules within a logic block may be defined by tree diagrams or stated as
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individual rules. Logic blocks facilitate a development environment that is easy (o
learn and use because the underlying knowledge representation is still in IF-THEN
rules. With logic blocks, rules can be used as a group and maintenance of complex
systems and changes in logic become much easier to do {37].

Another useful feature of CORVID is the use of confidence factors, which
enable the expert system to make multiple recommendations with varying degrees of
confidence. This better emulates interaction with a human expert, since oftentimes in
the real world more than one solution is possible for a problem. Confidence factors
allow the system to rank the recommendations in order and present them to the user to

make the final call.

4.4 Justification for Using a Knowledge-Based Expert System

The use of a knowledge-based expert system applies well to the process of
evaluating an AWSC intersection for its feasibility in being converted to a roundabout.

The evaluation is a process that a knowledge-based expert system can
guide the user through efficiently. Since roundabouts are still a relatively new form of
intersection control in the United States, many traffic engineers and planners most
likely lack adequate experience with their design and implementation and would
therefore be required to read through numerous guides on their own or wait for
assistance from other more experienced engineers. While this strategy works, it can
also end up costing considerable time and money. Developing an expert system
capable of helping to determine if an intersection is feasible for conversion to a
roundabout is like having a human expert right there to assist the engineer at any time

of the day. This allows the engineer to begin work on other aspects of the project,
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including, as past projects have shown, the lengthy process of increasing public

approval.

4.5 Summary of Chapter 4

Knowledge-based expert systems (KBES), or expert systems, are
computer systems designed to model the interaction one would have with a human
expert. Expert systems embody the knowledge of experts and make it available 24
hours a day. Other forms of artificial intelligence simply provide users information
and the users are then expected to understand and convert it to usable knowledge on
their own. In contrast, expert systems enable people to solve complex decision-
making problems without training and without having to learn the underlying logic.

The principle difference between a knowledge-based expert system and a
conventional computer program is i{s structure. In a conventional computer system,
domain knowledge (i.e., specialized knowledge in a field) is intertwined with the
software for controlling the application of that knowledge, whereas in a KBES the two
roles are explicitly separated into two modules: the knowledge base (knowledge
module) and the inference engine (control module).

In developing an expert system, the decision-making knowledge and
procedures used by the human expert are converted to logical representation that the
computer system can process by defining “rules” that the inference engine analyzes
and combines to solve a larger problem. A large part of building an expert system is in
identifying each of the steps in the expert’s decision process and making it a heuristic
rule.

Expert systems vary in the type of strategy used in reaching a conclusion,

and two important types of strategies are called forward chaining and backward
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chaining. Forward chaining is a good technique to use with problems where
information is first gathered and from which logical conclusions must then be inferred,
such as in planning, monitoring, control, and interpretation. Backward chaining is
similar to hypothesis testing in human problem solving by remaining focused on a
given goal and asking a series of related questions. It is a good technique to use for
diagnostics, prescription, and de-bugging.

The artificial intelligence field first emerged in the late 1950s in an
attempt to make computers more useful for humans as well as to better understand
human intelligence. Notable early systems include DENDRAL for identifying the
molecular structure of unknown substances, MYCIN for diagnosing and treating
infectious blood diseases, MACSYMA for simplifying algebraic expressions,
PROSPECTOR for locating ore deposits, and HEARSAY II for understanding spoken
language. These examples show how expert systems can and have been applied to a
variety of fields of study.

Expert system shells are expert systems with empty knowledge bases.
They are commercially available for a variety of uses such as: regulatory compliance,
product selection/recommendation, customer/product support, background monitoring,
and smart questionnaires. The expert system shell selected for use in this thesis is
Exsys CORVID.

The CORVID inference engine combines rules with a goal-driven
(backward chaining) strategy, though it also supports the forward chaining approach to
logic. CORVID provides a goal-oriented structure with which the developer can easily
build systems using methods and properties of variables. Variables are the building

blocks that are used to build expert systems with this software. CORVID introduces
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the concept of logic blocks in managing logic. Logic blocks are combinations of rules
and trees and a unique way of defining, organizing, and structuring rules into logically
related blocks. With logic blocks, rules can be used as a group and maintenance of
complex systems and changes in logic become much easier to do. Another useful
feature of CORVID is the use of confidence factors, which enable the expert system to
make multiple recommendations with varying degrees of confidence. This better
emulates interaction with a human expert, since oftentimes in the real world more than
one solution is possible for a problem. The user is provided with a selection of
possible solutions to the problem, from which he or she makes the final decision, using

his or her best judgment.



Chapter 5

DEVELOPMENT AND ANALYSIS OF THE RATING SYSTEM

The purpose of the rating system is to evaluate an existing all-way stop-
controlled intersection for its potential success if converted to a roundabout. The goal
in building the system is to create a final product that is able to achieve several goals:
to assess the intersection in a logical and accurate manner, to be user-friendly, and to
clearly present the results of the analysis. As previously indicated, the expert system
will be built using Exsys CORVID, version 3.2.1.

In reaching a conclusion, an expert system should function, as a human
expert would think. How, then, would the human expert for this situation—that is, an
engineer with adequate study of and experience with modern roundabouts—approach
this problem? The task at hand raises an array of questions, some of which are
‘ concerned with the nature of the traffic; others relate to the physical features of
intersection itself; and still others question a variety of issues regarding the
surrounding community and public. For example: What is the current volume demand
at the intersection? What will it be in the future? What are some other important
characteristics of this traffic? How much space is available at the intersection? Is the
public specifically interested in improving the appearance of the intersection and/or
community? Is safety a major concern at the intersection? These are but a few of the
questions that need to be asked when assessing an intersection for what form of traffic

control will best work there. The expert system developed for this thesis addresses ali
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of these questions and more in an attempt to replicate the procedure an experienced

engineer would follow in order to rate the intersection.

5.1 Development of the Rating System

The first step in building the expert system is creating all of variables to be
used by the system. This entails identifying the questions to be asked of the user and
all possible answers to these questions, as well as creating variables to hold values that
are calculated by the system during the analysis. The complete list of variables is
included in Appendix C.

The next, and most time-consuming, step in creating the system is
building the logic blocks. Exsys CORVID facilitates this process by allowing rules to
be separated and organized into logic blocks of related rules, so that the developer
does not have one large assortment of rules to sort through. Rules in CORVID are
built within the logic blocks using variables to add nodes.

The first series of questions that the user is asked determine if the
intersection would operate better as a signal or as a roundabout. The system does this
by considering traffic characteristics (heavy vehicle and left-turning perceniages) as
well as projected future demand volume, while assuming the intersection configuration
remains as it presently is. The basis for this decision is the data obtained from the
SIDRA traffic analysis software, which are presented in Tables 5.1, 5.2, and 5.3.
Results form the software analyses showed that the AWSC intersection always
performed worse (lower capacity, greater delay, etc.) than the other two intersection
types. Thus, when faced with improving an existing AWCS intersection, the decision

must be made between converting to a roundabout or to a signalized intersection.
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The values presented in Table 5.1 indicate total intersection demand
volumes (vph) up to which the roundabout intersection performed better than the
signalized intersection for each MOE considered. When total intersection demand
volumes exceeded these values, the signalized intersection performed better than the
roundabout. For many scenarios, the roundabout had a shorter queue length than the
signal for all volumes tested; this is denoted in the table with dashed marks. Note that
Table 5.1 presents data corresponding to volume ratio, turning percentage, and heavy
vehicle ratio scenarios that were not initially tested with the SIDRA software. The
analyses discussed previously in Chapter 3 used default values in order to simplify the
analysis. However, it was later decided to include all the scenarios in order to obtain a
more complete database of values for the rating system. The values in Tables 5.2 and
5.3 are based upon those in Table 5.1 and are the average volume for each scenario,
excluding that for queue length, which in many cases did not exist. Table 5.2 shows
averages not including those for emissions, while Table 5.3 shows averages including
those for emissions.

The questions that the system asks the user are listed below, as well as
discussions on the possible answers that the user may enter.

1) Is the AWSC intersection currently experiencing operational
problems during peak hours or throughout the day? The user
indicates yes or no. If no, there are still other reasons that merit
consideration for the intersection to be converted to a roundabout,
such as safety, In that case, the system still reports to the user
which intersection type would perform better in the future, for

informational purposes.
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2)

3)

4)

3)

6)

7)

8)

Has a study been conducted to determine if the intersection
volumes warrant signalization according to the MUTCD? The
user indicates yes or no.

Do the volumes at the intersection warrant signalization according
1o the MUTCD? Do not answer if a study has not been conducted.
The user indicates yes or no. The system recognizes that three
possible sets of answers exist for these two questions: yes/yes,
yes/no, and no (in which case the second question is unnecessary},
and takes these into consideration when assessing the intersection
Enter the design year for the intersection. The user types in the
design year. This is needed to calculate the projected future
demand volume.

Enter the current year. The user types in the current year. This is
needed to calculate the projected future demand volume.

What is the intersection demand during peak hours (total of all

four approach volumes)? The user types in the demand volume.

This is needed to calculate the projected future demand volume.

What is the expected growth rate for the demand volume
(percentage per year)? The user types in the expected growth rate.
This is needed to calculate the projected future demand volume.

Would you like the analysis to be based solely on operational
performance (capacity, V/C, average delay) or would you also like
to include emissions? The user indicates yes or no. The answer 1o

these questions directs the system to the appropriate maximum
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roundabout total intersection control value. The projected future
demand is compared to the value; if the future demand is below
this value, a roundabout will most likely perform better than a
signal, vice versa if the future demand is above this value.

9) What is the ratio between the volumes of the tweo intersecting
roads? Choose the closer value. The user chooses between ratios
of 1:1 and 3:4.

i0)What is the average lefi-turning percentage of vehicles at the
intersection? Choose the closest value. The user chooses between
10, 20, and 30 percent.

11) What is the ratio between the heavy vehicle percentages of the two
intersecting roads? Choose the closer value. The user chooses
between ratios of 1:1 and 2:1.

12) What is the value of the greater of these two percentages? Choose

the closer value. The user chooses between 10 and 20 percent.
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Table 5.2  Average maximum roundabout total intersection demand (vph) used
in rating system, not including emissions.

VIC, CAPACITY, DELAY
VOLUME LEFT TURN HEAVY WAX INTERSECTION DEMAND
RATIO %. VEHICLES
105 5540
0 0,10 2457
50,10 5313
50,20 5177
05 5430
7010 5367
1 20 50.10 5153
56,20 2113
05 2327
10.10 5567
30 20,10 5075
50,20 2057
0.5 2537
0 1610 2833
20,10 2313
20,20 5510
05 2410
10.10 5347
1.3 20 20,10 5177
50,20 5070
105 5273
- 10,10 5503
50.10 5020
50.20 1973
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Table 5.3  Average maximum roundabout total intersection demand (vph) used
in rating system, including emissions.

V/C, CAPACITY, DELAY, EMISSIONS
VOLUME LEFT TURN HEAVY MAX INTERSECTION DEMAND
RATIC % VEHICLES
10,6 2509
10 10,10 2456
20,10 2240
20,20 2071
10,5 2381
10,10 2325
1 20 20,10 2073
20,20 1830
10,5 2274
10,10 2201
30 20,10 1956
20,20 1869
10,5 2540
10 10,10 2797
20,10 2263
20,20 2104
10,5 2387
10,10 2309
133 20 20,10 2173
20,20 2004
10,5 2240
10,10 2131
30 20,10 1952
20,20 1871
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After the system determines the projected future demand and compares
this against the appropriate value from Tables 5.2 or 5.3, it proceeds to ask the user for
information concerning the area surrounding the intersection:

13) Has the public expressed an interest in enhancing the community’s
appearance? The user indicates yes or no. If yes, a roundabout
provides a good opportunity for doing so, and if no, this could be
used in support in increasing public approval of the project. The
user is advised that efforts to enhance the aesthetics, such as
landscaping and sculptures, would increase costs for installation
and maintenance.

14) If this intersection were converted to a roundabout, would it be the
first roundabout in the area? The user indicates yes or no. If yes,
this may cause some residents who area unfamiliar with
roundabouts to be initially opposed to it just for this reason alone.
Significant effort should be made towards public education on the
benefits of roundabouts and how to properly use them. If no,
residents may still have negative opinions.

15)Is it possible 1o purchase additional right-of-way at the
intersection, if necessary? The user indicates yes or no. If not,
and if a roundabout is applicable to the intersection, this would
leave no choice but to choose a signal, if the existing area of the
intersection cannot accommodate a roundabout of the appropriate

size. The user is referred to the FHWA Roundabout Guide,
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Appendix B [6] for guidance on initial roundabout space
requirements.

16)Is the intersection located along a transit route? The user
indicates yes or no. This question is closely related to the previous
one; if yes, a roundabout must be designed to accommodate buses
as well as any other expected large vehicles.

17)1s this intersection located in the vicinity of a railroad crossing?
The user indicates yes or no. While locating any intersection near
an at-grade intersection is generally discouraged, rail transit has
been successfully incorporated into the design of roundabouts. If
yes, the user is referred to the FHWA Roundabout Guide, Section
8.2 6] for specific guidance on how this could be done.

18) Are there signalized intersections in close proximity to the existing
AWSC intersection? The user indicates yes or no. If yes, the user
is advised on possible effects the roundabout may have on these
intersections, and vice versa. The user is referred to the FHWA
Roundabout Guide, Section 8.5 [6] for further discussion.

19)Is there a significant amount of pedestrian and/or bicyclist traffic
at any time during the day? The user indicates yes or no. If yes,
the roundabout should be properly designed for this traffic. The
user is referred to the FHWA Roundabout Guide, Sections 5.3.3,
6.3.7, and 5.3.4 [6] for further discussion and guidance.

Finally, the system asks the user a series of questions regarding the safety

of the intersection. These questions determine whether or not the roundabout is highly



recommended, if it has already been identified as being a better choice for the
intersection than the signal.
20)Is there a history of frequent and/or severe accidents at the
intersection? The user indicates yes or no.
21)Is there a history of left-turn head-on and/or right-angle collisions
at the intersection? The user indicates yes or no.
22)Have accidents been caused as a result of drivers failing 1o
properly obey the stop control? The user indicates yes or no. If
the answers to one or more of these questions are yes, the case for
a roundabout is stronger, due to the significant improvement in
safety that they offer. If the system has determined that a
roundabout would operate better than a signal, and the user has
indicated a history of accidents at the intersection, the system will
highly recommend a roundabout, along with a short explanation of
the benefits in safety which are associated with roundabouts.

The highlight of using an expert system in determining the best possible
choice for traffic control at the intersection is the ability to explain to the user the
reasons for doing so. The results of the system and the final recommendation to the
user are presented using the default CORVID results screen, through which the user
may scroll. The system first reports its recommended form of intersection control for
the intersection, i.e., roundabout or signal. If a roundabout is the recommended
choice, the system also reports if it is highly recommended.

The remainder of the report is comprised of comments in response to the

various topics addressed in the questions of the system, as well as references to
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specific sections of the FHWA Roundabout Guide [6] that the user could consult for
more discussion and guidance. Figure 5.1 shows a sample results screen. All logic
blocks for the rating system are included in Appendix C.

The final step in creating the system is writing the command block.
Command blocks control how a system operates, what actions to take, and in what
order to perform these actions. They direct the system how {o use the logic blocks;
that is, what variable or variables to derive values for, and when and how to display
the results. A single command block is sufficient for most simply expert systems. For
this system, one command block comprised of three commands is all that is necessary
to run the system. The first command instructs the system to display the title screen,
the second instructs it to derive results for the variable Display_Results, and the last

instructs it to display the results.

52  Analysis of the Rating System

The true assessment of the rating system’s performance is made by
applying it to a variety of AWSC intersections. This allows one to determine if the
system makes decisions in a logical manner and shows how useful it would be for
application to real traffic engineering problems. For this validation process, traffic
data and other information were obtained for three intersections from the Delaware
Department of Transportation (DelDOT). All intersections are located in New Castle
County, south of the C&D Canal and north of Middletown, DE. These intersections

are listed below and shown in Figure 5.2.
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dutarmined by e speeds of the vehlzles Involved and by the angle of impact.
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spuads sale Tor negonialing the elrtulatory readway. Sines all movements at 3
roundabout ar4 sanvarted to riht tens, coliivions that da occur are typically
onRly small-angle, The sumhber of Sccidents 250 COITEISTRS 10 ik NUmbeEr of
conticl points 2% an intersection: compared to conventional inferssctichs,
FEUAdshoUTs reducs the nUmMbes af vehiclevahicle confct points up te T8%,
Addittanally, drivars sntering 2 roundabsout must interact with onty che
conthieting tiew of tratfic, furthes reducing the spporrumines fer erashes ro
BEEUT,

The demand volxmas 0o not satisty the MUTCD warrants for 3 tipnalized
tntwrgaction, and tharsfars 1t ook 3 viahis opdsn, Furthesmore, projected
rutire volumes (design yaar 2070 2.0% prowsh rate) Indbeste that x

nonmennn ey -

Figure 5.1 Sample results screen of rating system.

95



i 3

C&D Canal

e T

Figure 5.2  Locations of intersections used to validate the rating system [39].
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1. Cedar Lane Road and Mar] Pit Road;
2. Choptank Road and Churchtown Road,;

3. Cedar Lane Road and Whittington Way.

5.2.1 Intersection Data

Data consisting of traffic counts (2005), heavy vehicle percentages, and
expected volume growth rates were provided for both the morning and evening peak
hours at each of the six intersections. The greater of the two peak hour volumes at
each intersection was chosen for use in the rating system, which was the evening peak
hour for all locations. Volume ratios, heavy vehicle ratios, and average left turning
percentages were also calculated from these data. Other information was provided for
some of the intersections, such as safety issues or planned improvements. Any other
information needed to run the rating system, such as proximity of railroad crossings or
amount of pedestrian/bicyclist traffic, was assumed using the best judgment possible.

Responses to all questions of the rating system are presented in Table 5.4.
Some of the responses are based on numerical (volume and heavy vehicle) data
provided by DelDOT. For questions requiring non-numerical answers (i.e., yes or no
answer), engineering judgment was used to provide reasonable answers. Question
numbers shown in the table were previously identified in Section 5.1, Note tha.t while
the actual volume ratio for intersection 3 is 5:1, higher than either of the choices the

user is given, the closer of the two, 4:3, was selected.
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Table 5.4 Responses to questions of the rating system.

Question Intersection
1 2 3

1 Current operational problems Yes Yes Yes
2 MUTCD signal study conducted No Yes No
3 Signal warranted No -
4 Design year 2030 2030 2030
5 Current year 2005 2005 2005
6 Totai peak volume demand 768 581 537
7 Expected growth rate (%/year) 2.2 2.5 1.8
8 Include emissions in analysis Emissions | Emissions | Emissions
9 Volume ratio 4:3 1:1 4.3
10 Average left-iurning percentage 20 20 20
11 Heavy vehicle ratio 1:1 1:1 2:1
12 Greater heavy vehicle percentage 10 10 10
13 Public interest in aesthetics Yes Yes Yes
14 First roundabout in area Yes Yes Yes
15 Additional right-of-way Yes Yes Yes
16 Along fransit route No No No
17 Nearby railroad crossing Yes No No
18 Nearby signalized intersection Yes No Yes
19 Pedestrian/bicyclist traffic No No Yes
20 Accident history No Yes No
21 Right-angle collisions No No No
22 Drivers do not obey stop control No No No
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5.2.2 Discussion of Rating System Results

Cedar Lane Road and Marl Pit Road: The rating system recommends a
roundabout over a signal for this intersection. The 2030 projected demand indicates
that a roundabout will provide better performance than a signal, based on the
predetermined roundabout-signal crossover volume for volume ratio 3:4, 20 percent
left turns, and heavy vehicles (10,10). No other information was provided for this
location, and so some user responses were assumed. For example, since there are not
many roundabouts in Delaware, it was assumed that if one were constiucted, it would
be the first for this community. The results address this by advising the user of various
methods to help the local population become familiar with roundabouts as well as to
decrease public opposition to a proposed roundabout, which oftentimes is a major
obstacle for engineers to overcome. Since the location is relatively close to a town,
there may be signalized intersections nearby, though the exact distance is not known.
The results warn of possible effects that a roundabout and nearby signal may have on
one another. If the effects from any nearby signal are significant, this may change the
suitability of a roundabout to this location, despite the advantages over a signal that the
rating system indicates a roundabout would offer. In this case, the installation of a
signal may be the only option for improving operations at this intersection.

Choptank Road and Churchtown Road: The rating system highly
recommends a roundabout over a signal for this intersection. The 2030 projected
demand indicates that a roundabout will provide better performance than a signal,
based on the predetermined roundabout-signal crossover volume for volume ratio 1:1,
20 percent left tumns, and heavy vehicles (10,10). The roundabout is also
recommended due to safety concerns indicated by the user at this location.

Information provided by DelDOT indicated that a small hill on one of the approaches
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creates sight line constraints at the existing intersection. The proven improvements in
safety that roundabouts provide, coupled with the operational benefits over a
signalized intersection, lead the rating system to highly recommend a roundabout for
this location.  As it is, DelDOT is planning to construct a roundabout at this
intersection in Fall 2008. This further validates the rating system recommendation.
Cedar Lane Road and Whittingron Way: The rating system recommends a
roundabout over a signal for this intersection. The 2030 projected demand indicates
that a roundabout will provide better performance than a signal, based on the
predetermined roundabout-signal crossover volume for volume ratio 3:4, 20 percent
left turns, and heavy vehicles (10,5). However, the actual volume ratio at this location
is close to 5:1, though the closest option provided by the system is a ratio of 3:4. This
unbalanced traffic flow may significantly affect the successful implementation of a
roundabout at this location. The roundabout-signal crossover volume that the rating
system used for this intersection was based on a volume ratio of 3:4. If, however, the
SIDRA analyses had included large ratios such as 5:1, it is very likely that the rating
system’s recommendation would have been different. No other information was
provided for this location, and so some user responses were assumed. For example,
since the location is within the limits of a town, it was assumed that local residents
would be interested in improving the community’s appearance, and so the rating
system results suggest ways that a roundabout can be used for this purpose. It was
assumed that significant pedestrian and/or bicyclist traffic exists at this intersection,
and so the results advise the user of considerations for this traffic and provide
reference to the FHWA Roundabout Guide [6] for further guidance on how to properly

do this. Being within town limits also increases the probability that signalized
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intersections exist nearby, and so this was assumed as well. The rating system results
warn of the possible effects that a roundabout and nearby signals may have on each
other, particularly if the signals are part of a coordinated signal system. This is an
important consideration that may ultimately affect the possibility of a roundabout
performing well at this location.

The ability to purchase additional right-of-way was assumed for all
intersections, which may very well not be true for one or more of them. In this case,
despite the rating system's recommendation of a roundabout, a signal would be the
only option for improving operations at the intersection. As previously noted in
Section 2.3, intersection characteristics that have been identified as unfavorable to
roundabouts include locations where topographic or site constraints limit the ability to
provide appropriate geometry; in other words, locations where there is no space
available for a roundabout of appropriate diameter.

Accident data was not obtained for these intersections, which may have
added more weight to the recommendation of a roundabout at one or more locations.
If accidents are frequent and/or consist of right-angle collisions, the case for a
roundabout is made stronger, thanks to modern roundabout design and operational

characteristics that help reduce both collision frequency and severity.

5.3 Summary of Chapter 5

The purpose of this rating system is to evaluate an existing all-way stop-
controlled intersection for its potential success if converted to a roundabout. The goal
in building the rating system is to create a user-friendly product that is able to logically

and accurately assess the intersection and clearly present the resuits.
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The first series of questions that the user is asked determine if the
intersection would operate better as a signal or as a roundabout. The system does this
by comparing projected future volumes with the data obtained from the SIDRA traffic
analysis software, which are presented in Table 5.1. The values presented in Table 5.1
indicate total intersection demand volumes (vph) up to which the roundabout
intersection performed better than the signalized intersection for each MOE
considered. When total intersection demand volumes exceeded these values, the
signalized intersection performed better than the roundabout. The system then
proceeds to ask the user for information concerning the area surrounding the
intersection as well as the safety of the intersection. These questions determine
whether or not the roundabout is highly recommended, if it has already been identified
as being a better choice for the intersection than the signal.

The highlight of using an expert system in determining the best possible
choice for traffic control at the intersection is the ability to explain to the user the
reasons for doing so. The results of the system and the final recommendation to the
user are presented using the default CORVID results screen, through which the user
may scroll.

In order to determine if the system makes decisions in a logical manner
and, therefore, how useful it would be for application to real traffic engineering
problems, the system was validated using real intersection data. Traffic data and other
information were obtained for three intersections. Responses to all questions of the
rating system corresponding to these intersections are presented in Table 5.4 and

discussed in Section 5.2.2.
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Chapter 6

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

6.1 Summary

This thesis has succeeded in accomplishing the following objectives,

which were previously stated in Chapter I:

A literature review of past studies of roundabout operational and
safety performance, comparisons of roundabouts with other forms
of intersection control, and existing federal and state roundabout
guides;

The collection of local driver gap acceptance data at local
roundabout sites;

The determination of local driver critical gap and follow-up times
from this data;

A comparative analysis of an all-way stop-controlled intersection,
a roundabout, and a signalized intersection to note behaviors and
patterns in response to the variation of several traffic parameters;
and

The development of an expert system designed to rate an all-way
stop-controlled intersection for its potential in being converted to a
roundabout, incorporating the results of the comparative analysis

and findings and recommendations in existing roundabout guides.
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6.2 Conclusions

6.2.1 Results of Data Collection and SIDRA Software Analysis

Local driver gap acceptance was observed and recorded at two Maryland
roundabout locations. Reduction of this data found critical gap times of 3.85 seconds
for the Cecil County roundabout and 3.91 seconds for the Queen Anne’s County
roundabout. These values are slightly below the range of 4.1 to 4.6 seconds indicated
in the HCM 2000. Reduction of the data also found follow-up times of 1.9 seconds for
the Cecil County roundabout and 2.1 seconds for the Queen Anne's County
roundabout. These values are slightly below those the range of 2.6 to 3.1 seconds
found in the HCM 2000.

The comparative analysis of AWSC, roundabout, and signalized
intersections was completed using SIDRA traffic analysis software. Gap acceptance
parameters used in the analysis were calibrated for local conditions by using a 3.9
second critical gap and a 2.0 second follow-up time for drivers at the roundabout.
Results from this comparative analysis are in agreement with other documents, which
state that roundabouts always offer better performance for vehicles (greater capacity,
less delay, etc.) than AWSC intersections, given the same traffic conditions and right-
of-way limitations. It was also observed that the roundabout performed better than the
signal up to a certain volume, after which the signal then performed better than the
roundabout. The average value of this roundabout-signal crossover volume (the total
of all four approach volumes) is 2356 vph.

In general, the effective intersection capacity for all intersection types
decreased as the percentage of left-turning vehicles increased. Increases in the

proportion of left-turning vehicles also had a greater effect on the performance of the
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AWSC intersection than on the roundabout. For both intersection types, capacity was
reduced and all other MOEs were increased with the heavy vehicle scenarios in the
following order: (10,3), (10,10}, (20,10), (20,20). Roundabout capacity, degree of
saturation, queue length, and delay were not affected by changes in the range of
diameters tested for this analysis.

The following tables were developed from the results from the SIDRA
analysis, The values indicaie total intersection demand (vph) below which a
roundabout performs better than a signal, and above which a signal performs better
than a roundabout. Knowing the volume ratio, average turning percentages, and heavy
vehicle percentages for the intersection, the appropriate roundabout-signal crossover
volume can be found. These tables were then used in developing the expert system,
which bases its evaluation of the best form of intersection control on this data, in

addition to user-provided information.
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Table 6.1  Average maximum roundabeut total intersection demand (vph) used
in rating system, not including emissions.

ViC, CAPACITY, DELAY
VOLUME LEFT TURN HEAVY MAX INTERSECTION DEMAND
RATIO % VEHICLES
105 5540
10.10 5467
10 20,10 2313
50.20 5177
05 5420
1010 5367
1 20 50,10 2153
50.20 5113
105 2357
1610 2067
30 50,10 5075
20,20 5027
05 D507
. 10.10 5833
50,10 2313
50,20 5510
1056 5410
10.10 5347
1.33 20 20,10 5177
20,20 5070
05 5573
1610 2503
30 50.10 5020
20,20 1573
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Table 6.2  Average maximum roundabeut total intersection demand (vph) used
in rating system, including emissions.

V/C, CAPACITY, DELAY, EMISSIONS
VOLUME LEFT TURN HEAVY MAX INTERSECTION DEMAND
RATIO % VEHICLES
10,6 2509
10 10,10 2456
20,10 2240
20,20 2071
10,5 2381
10,10 2329
! 20 20,10 2073
20,20 1830
10,6 2274
30 10,10 2201
20,10 1956
20,20 1869
10,5 2540
10 10,10 2797
20,10 2263
20,20 2104
10,5 2387
10,10 2308
.33 20 20,10 2173
20,20 2004
10,5 2240
10,10 2131
30 20,10 19562
20,20 1871
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6.2.2 Advantages of the Rating System

Since roundabouts are still a relatively new form of intersection control in

the United States, the task of determining whether or not a roundabout is a feasible

alternative to a signal at an existing AWSC intersection is a challenging one for many

traffic engineers. The development of the rating system offers several advantages for

inexperienced engineers.

The system makes expert knowledge available at anytime. An
individual with considerable knowledge in the implementation of
roundabouts is a valuable resource for younger or inexperienced
traffic engineers. Rather than spending time by waiting for a
human expert to be available to help, an engineer may access the
rating system at any time that suits him or her. The system offers
guidance in decision-making, points out related issues and
considerations that the inexperienced engineer may overlook, and
helps make good decisions quickly. The system also identifies
specific sections of the FHWA Roundabout Guide {6] that the user
may refer to for additional guidance.

The system is fast and useful. Engineers are occupied with
numerous tasks when working on a traffic improvement project.
By using this automated tool in the decision-making process, more
time may be spent on other pressing engineering work to meet
project deadlines. If all necessary data is readily available when
using the rating system, results will be obtained in a matter of
minutes. Additionally, the system can quickly indicate to the

engineer if a roundabout or signal is likely to perform better based
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on future volumes and on the various MOEs considered. This
saves the engineer time by helping direct further study of the
intersection.

»  The system is user-friendly. Running the system is easy even for
first-time users. Questions are short and easy to understand. The
system recommendation and suggestions are clearly presented to
the user in the results screen, which the user may scroll through to
read.

= The final decision belongs to the user. The system makes a
recommendation as to whether a roundabout or a signal would be a
good choice to which to convert the AWSC intersection.
However, the results always indicate that the final decision is
ultimately up to the user and that he or she must use good
engineering judgment in making the final choice. Multiple
solutions oftentimes exist for traffic engineering problems; the
task, then, is to decide which of these is best. The developed
rating system simply recommends the better choice between
roundabout and signal, based on operational measures of
effectiveness, and provides suggestions on a number of relevant
issues that the engineer should take into consideration before

making the final decision.

6.2.2 Disadvantages of the Rating System
The limited applicability of the rating system is perhaps its largest

shortcoming. In the interest of time and in order to simplify the software analysis,
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defaults for each type of varied parameter were chosen. Additionally, the only
intersection configuration that the analysis considered was a perpendicular crossing of
two roads. This avoided creating an immensely large number of software analyses to
run, but ultimately limited the developed expert system, which is based on these
analyses. For example, the user is asked to describe traffic demand at the intersection
by choosing between 10, 20, and 30 percent left-turning vehicles. But what if the
percentage is less than these values or lies between two of these values? Furthermore,
the software analysis assumed identical conditions among all four approaches at the
intersection. But what if there are 20 percent left-turning vehicles on one approach, 10
percent on another, and so on? This may be a major drawback for some users, who
would like the system to be more flexible in allowing a larger variety of traffic and
geometric conditions,

The rating system bases its recommendation of roundabout or signal on
the roundabout-signal crossover volume determined by the software analyses. A
roundabout is recommended if the projected future volume falls below this value and a
signal is recommended if the volume falls above this value. But what about a situation
where the projected volume is “borderline”? This is a close call; perhaps either
intersection type would work in this case. The rating system, however, will make just
one decision, regardless of how close or far the projected volume is from the
roundabout-signal crossover volume. This is another shortcoming of the system, as it
could be improved in order to be more sensitive to such “borderline” situations. Also,
the validation process using real intersection data brought up the issue of locations

with highly unbalanced traffic flows. For such locations, the rating system may not be
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completely accurate, as all roundabout-signal crossover volumes are based on analyses
using volume ratios of either 1:1 or 3:4.

As previously stated, it is difficult to provide a clear-cut, yes-or-no answer
in determining if a roundabout is suitable for a particular location, as numerous
considerations have an affect on this issue. The same can be said of the developed
rating system, and this may be frustrating for some users who would prefer to be given
a direct and definite answer. These users may therefore consider this to be a

disadvantage of the rating sysiem.

6.3  Recommendations

Many factors must be considered when evaluating an existing AWSC
intersection for possible conversion to a roundabout. While the demand volume is a
good initial indication in assessing the intersection, there are many more
considerations affecting this decision. If the total intersection demand is below 2300
vph, then a roundabout may be appropriate for the location; if it is close to or above
this value, then a signal is likely to be the better choice. Additionally, if the
intersection has a history of accidents, particularly right-angle collisions, then the case
for a roundabout is made stronger. Factors that may hinder the success of a
roundabout include spatial restrictions and the proximity of signalized intersections
and railroads. Likewise, intersections where there is a large imbalance between the
two roads are better served by a signal than a roundabout. The expert system
developed for this thesis is a good starting point for the evaluation, but more in-depth
analyses should be conducted using software such as SIDRA for all alternatives being
considered for the intersection. Such an analysis would allow comparisons to be made

in greater detail, for each MOE of importance. Additionally, a cost and benefit
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analysis should be conducted to determine if a roundabout is a cost effective option for
the location. Referenced throughout this thesis, the FHWA Roundabout Guide [6]
should always be consulted for issues associated with installing the roundabout.

There has been a considerable lack of research in the applicability of
modern roundabouts to existing intersections and in comparative studies of modern
roundabouts with other forms of intersection control in the United States. This may be
due to the relatively little use they have had in the country. However, growing interest
in the use of modern roundabouts in recent years warrants increased research on these
topics. Studies could focus on the comparison of roundabouts with just one type of
‘ntersection control in order to allow for a more detailed analysis. Studies could also
include one of each type, so as to cover a greater range of situations.

Future research could also address a different or a larger set of variations
in the parameters used in this thesis: volume ratio, heavy vehicle percentage and ratio,
turning percentages, and roundabout diameter. Future analyses could also become
more complicated by assuming differences in these parameters between individual
approaches at an intersection. This expansion of parameters applies to analyses done
with traffic analysis software, as well as to other expert systems. More variations in
parameters during the initial analysis allow for a more specific expert system that is
capable of evaluating a greater variety of intersections.

Another suggestion for future work is the inclusion of two-way stop-
controlled intersections in the analysis and rating system, in addition to AWSC
intersections. This would make a developed system more powerful and useful to

traffic engineers by being applicable to an even wider variety of intersections.
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Appendix A

TABLES OF SIDRA SOFTWARE ANALYSIS RESULTS FOR AWSC,
ROUNDABOUT, AND SIGNALIZED INTERSECTIONS FOR ALL TEST
SCENARIOS
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175 175 36 23 \: 38 i23 18 .42 1762 49 166 147 B o2n 879 [HEGT
X0 20 40 0 2 A0 140 i} GA7T 1760 ] 175 1885 0.253 3061 0342
225 24 45 ] 23 45 158 23 0585 {753 72 B8 1922 0.20 1138 0389
250 250 0 175 5 50 175 % 0.569 1768 B4 198 2128 .32 12488 0.42%
275 H5 55 193 28 55 193 28 0653 1784 hitk] 220 P 0352 1403 0.478
300 300 [£1] 20 a0 ] pili] 3 2.710 1778 124 240 JBi 4 0450 15.33 {1520
325 325 B 22 33 5 228 33 0.774 1772 156 fELE] 2.7 [).450 16.55 C.573
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wrning (30,60,10)  AWSE, Valumo ratla 1. 10% BV,

o T Vel bob N - SIORA Ansalts T
Pes Apprapch | foat A L . Rom B | Beytee of Eff. Intn, €ag.; Guoue Avy, Delay o Embslonsgkety
A B L T f @ L H il Satutntion tephil Hiy sivalif 0 GO He <0 Huy
] 3 ] 15 3 a is 3 6073 1582 7 146 228 634 136 on47
5] 50 15 30 5 i5 El] b 0% 552 13 15, 418 052 242 0.5
FE 75 33 45 8 a3 45 [i] 0.205 ] 31 15 640 035 360 013
] 10 ) £ ] ET] 50 10 0.270 533 pE] 16 2.5 G 123 490 9158
Y] 125 ] 758 i3 48 78 13 9.345 531 39 74 1053 D358 ] 0.213
) 158 45 90 15 LE 0 15 412 1535 49 8.3 ¥R 0155 749 0.256
L 178 iYE] 53 ] i) 3 s k] 45 1518 E 4, 483 0235 a.60 0361
200 peri] ED ] 26 1] fleit] X 553 1537 74 21 716 0.360 1009 0342
s 735 (] 35 22 Bl 135 23 0.616 154t 9 E] 948 4,297 1A ]
20 350 75 150 5 5 180 75 D.E63 1546 [H] 58 2.4 335 12.64 0,436
A5 25 83 1ES B €3 igb 28 0,757 538 145 305 2488 386 14.37 0.466
300 i3] =] 160 ] 0 160 3] 0.e1E Gad 162 33 g I} .A37 1584 0.634
328 375 &5 155 EE] 83 185 EE] 0.85%5 533 253 486 379.7 517 17.92 0.559
'Road A HV=10%, Road B HV=10% AWSC, Volunss ratfa K1, Tusniing (10.00,10),
» o Valnee by ) “STORA Aol .
TPer Appmm:h i T fead A i RendB Thegree of | EH, lieti. Cnp Quano Avy, Defayi . Emlsstons (kb
A i) L T R N N S atus adfor {vplty 1] {svoh) COy HE Lo Hox
25 %5 3 i 3 1] 3 [e0] 843 5 126 R G.633 135 {1046
5 £ 5 AR 5 A0 [ 0.1{8 o] ! 126 21 0 D2 252 nee7
P 75 8 ED ) &0 B 151 007 ! 130 B32 V] 378 G130
100 108 iD €0 8 i} 80 ] 208 a4y 2 133 Bi.2 013 485 0 367
95 126 3 [i3] 13 i 100 13 263 200 7 37 1033 153 618 0212
150 150 5 T 15 i 520 15 0,320 088 34 42 1248 66 745 0 256
175 115 8 AL 18 18 i4 B 0.373 957 41 47 1464 218 B75 (3,300
20 00 20 €0 fii] i) 168 ] 040 08 43 53 3E6.5 248 G S5 0.34)
5 25 43 0 23 a3 1EQ 2 0473 201 58 ) 183.6 282 126 k=
250 250 % 20 25 Pz ] X0 5 0.529 995 63 168 210 315 1253 428
275 275 et} 20 28 8 20 B 0.580 2007 a1 13 2333 0.351 1388 A73
306 =08 30 249 Ef] 0 240 0 4535 2610 43 193 2533 0382 1505 VETE]
328 35 EE] 260 33 33 260 33 G.EE0 Bt 114 EIE 718 0423 16 45 .55
‘Road A HV=20%, Road B HV=20% AWSC. Volime tatin 151, Taming (19,86.10} :
S . Vol et N SIGHA Resus o
Por Approach CRoad A i ... . RoadB ~ 10ogree of JEM e, Cap.: Qieens Avy. Delay Endlesions (ky:ti}
A B i L T R i T 3] Satueatlsn’ tuphil B {sivahl COHC L0 Moy
] 5 3 20 3 3 ] E] Bos? 1BB5 5 129 0.037 1.71 0057
50 £ 5 40 ) 5 A8 5 0.309 1994 1% 134 o7 308 0,108
75 75 B 3] [ [} B3 ] 0.i73 Bos 1B 135 0105 4E5 0160
130 10 10 2] n ED 10 037 15914 23 1 135 B {7 0203
135 125 3 190 13 0 [E] 0.2e0 200 1] 1 174 781 9.260
[E] 150 1 15 1206 18 0.3 918 ki) 14 7 G4t 310
175 7 i) 18 g 140 iB 0.388 508 A7 154 176 B 5 244 105 363
€0 i E EQ 20 20 180 i} 0,540 [EIE 57 150 X023 | g 284 Al
EX] 25 23 £0 23 23 iEQ 2 §.500 150, [ 159 2263 D347 431 0470
220 je:lr) 25 2a 25 EE] jiva) 5 0 546 1510 79 179 436 0352 18 B2 0518
27h ) ] 20 B 28 20 28 0§12 1501 ) 184 2638 0.396 1768 0579
300 =00 1] 240 3 30 248 i) 0.568 1910 12 Pl HRT 0 434 1826 DB
325 3% 33 260 33 33 2of a3 0719 1915 137 236 3427 9 483 2125 0 BI3
Road A Hyf= 0%, Road B Hyv=5% AWSEC, Vobmse vtlo 1:1, Furnlag $40,80,16).
. e Velume ) s SIDIA Rosls S
Per Appraach U Rand A i . Reatn T | peuroe of {ElE. Intn, C1p ) vy, Belay Emisslans (kg
A i) L T R i T R Satwtatlon | tvph) 0 : teiveh} CO: e = €0 Moy
5 25 3 ] 3 3 i) 3 0058 1958 5 126 214 [FNEEE] ik 0044
50 E] 5 L] 5 5 40 5 G.ies 1980 10 127 38 0.060 235 2082
75 75 ] EG g B 1] i} 0161 2007 15 129 59 [iZ]] 353 0123
100 jIi 0 )] ib i [3] 10 0.209 )2 20 132 7B onie 468 0.159
128 128 i3 100 LE] 13 100 13 4.264 i) 5 136 IV 0 148 49 0.2681
150 150 15 124 15 15 120 15 G.315 014 33 140 1178 0.17% 94 0.241
175 175 18 140 1B JEl 140 g G368 Pt A8 145 1383 0211 14 [ilCE]
200 200 fit] [ g 20 L] i} 0.438 265 47 151 573 0240 F 0321
225 25 2 160 3 23 188 X 0.471 A58 6 i5p w2 | 2.2773 1048 0363
P35 260 2 20 5 25 208 25 0520 xz7 B7 6B 20.7 ,305 1165 0404
T 275 e 220 28 L] 20 =8 0577 x4 79 177 2204 .33% 128 0.547
Lo3e 30 EH 240 0 Elt] 1D 0 n&22 2035 42 iBS 2410 372 1403 D.487
325 335 33 et KE] 33 3 33 0).580 2015 102 06 64,2 0.410 15 43 0.531
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Road A HV*‘»EIO%... R.Oﬂd B HV$1'0% . . AWSC V;}|IIIE1U raio .E:t.. Tllil‘lfll!] {10‘00...t€l.l.” )

T ~ Valame fpl ol - TRIORA Ross .
 Proe Approach . AoatA . RoatB . lreneec of (EH, Iun. Cap, . Ouene Aviy. Delay: Emlsslons gk
A f : 1. T 7 L T . 1] Satutation: {vph @ {siveh) £0: HE 0 Moy
25 ) 3 X 3 X 3 051 It [ 2B 250 030 153 el
50 0 40 5 49 5 L 43 11 2.8 456 .055 250 .84
i) 75 2] g B [£] Al 43 17 33 4 100 33 145
100 100 1] [£3] 0 ! 80 fi] 0.213 15855 23 35 g.9 0.£28 52 0168
135 125 3 140 13 1 100 3 0375 193] li] 144 148 0163 5 0,756
150 150 5 ] 18 1 120 5 0.327 1942 37 45 36 0196 .44 0263
175 1759 [E A0 18 18 148 [i 0.360 933 46 50 G1.E 0231 S8 0.33
piili] 20 ) 53] 20 20 160 20 0.432 g55 55 58 1944 .64 11249 0378
235 235 ] 18 23 23 166G e 2.480 244 EB [ 39 0.300 1274 D427
250 250 = i) 35 45 a0 = 0542 1942 hid 74 2313 G. 33 447 [.473
25 275 28 20 38 ] 20 ] G.600 1940 a2 iB.7 2285 B.373 8577 B.EXS
300 200 Eil 240 30 32 240 20 0546 1348 hier 200 2614 0463 715 0571
335 325 33 260 33 33 250 33 0.702 1851 [E] 23 3106 D452 108.64 0.6:5
Molume ratio 1:1 Foundshont, Tralng (10,80,10), $0% LV, husceibed al=100 b, dsland d€d b1, chienlaslog td, wetB ) -
L Velwmahh o B e . .. SIBRA Results S R
Pos Appanach _Roml A i RoadB Degeas of © BN, fot Cop. | Gnone : Avg. Delay : Esnbssions fph} .
A B i T r L T ® b Sawaten fephil [} {sveh} €0, HE [s] Moy
2 -] 3 i 3 3 20 3 Gl Ba44 k] 13 07 0.028 15 04
50 1] b 40 [ ] 5 DDz BA56 B Fil EL¥) il 199 a7
75 75 £ [£4] B [=1] 8 {1631 G364 3 74 568 0/ a0 11
fIei] jiE] [£3] 10 1] ED W 0.067 524 E 7.4 731 101 368 146
125 125 I 13 1 [4] 13 0 D57 5044 4 78 932 G.129 499 7
15 150 1X 5 15 20 [ 0108 504 2 77 1127 D156 E06 D.226
175 175 1] 1 B [} 40 15 D130 5708 s i 132.2 0104 715 055
200 X0 it ] X i) £0 A0 G.151 GA76 3 [E] 1555 020 BI7 0303
225 225 23 0] p) 23 180 23 0.175 5432 36 1] 1703 0238 ¥1] 4344
20 250 25 200 3 5 2 % 0.20% 57240 43 5] 18 D 265 10,40 D 264
275 5 i) ] B i3 220 20 0278 5104 51 J 2417 0.294 1.57 424
*0 300 ] 240 i} a0 248 20 1.353 A%E0 58 X9 B.319 257 461
325 25 33 X0 33 3 260 33 0283 4612 74 El 2473 D.34d 378 S04
E: i) 35 et 1) 5 FE) 260 3% 0.347 4648 i7 9.1 :H7Q 0.370 500 L5457
EfE 75 38 54 B 3B 300 38 {354 £472 B3 g4 2834 0463 1529 0592 |
A0 400 4B Bl 48 40 E¥it) 0 360 4328 ] 96 ane.7 0437 17.47 0633
42 475 A3 AL 43 43 340 43 434 4148 W7 104 3314 0471 1B BD 0682 |
450 450 45 3 45 45 260 45 ATS L) 132 6.3 357 1 505 002 724
A7S 475 45 380 48 A 300 40 T2 3832 168 %2 373 530 2137 L TBT
Y 560 i A0 1] il 400 £l 0571 3678 193 2.3 391.7 551 2366 15
625 ] 53 4 53 53 A78 53 0§35 klc:) 244 4.1 405 E] 2572 73
LB 550 55 440 55 55 440 55 Y=L 3335 291 [ 4467 0.653 26.46 0336
-1 57 SB 4BQ £5 5 4EQ £ Q758 3156 358 9.3 4769 D705 2023 D981
06 0L &0 480 £1] [53] AED [1] 828 3064 A5 244 513 0773 033 [11F]
625 yel 53 oK B3 B3 =00 63 205 20 B4, B0 514 0.693 33.15 RE:]
£50 50 £S5 520 ES B5 521 5] Bl 276 97 59.9 B3 1.107 39.04 271
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fougdaboat. Tendng (£0,80,50) 0% HV. Dnscelbiedd =180 #, (Islaud d=G4 f.. chiculathen pd, w13 1.}

“olume ratio 4°3

R . Valae jvply Lo . . SIORA Rosuits .
Pei Apgraach . Road A Nsad B frogiee of  Eif. tntn, Cap. : Ouewe  Avy. Dolay Eslsslons (kgh)

A L T 18 L T R Satnanlon wpli) [10] {zvald CO: H ] Moy
] 19 ] 3 2 ] ] gHs 5701 12 7B a2 [EEN o35
5 ] 40 5 4 Ed] 4 0033 733 5 i 331 0045 1.4 8
FE) ] BG B & Ah G D050 5713 73 01 o063 254 109G
i) 75 1D €0 8 B & 7] i.065 SEED 1 74 E49 i) 344 120
125 84 i3 13 g 75 g 085 6450 1 i) a3 13 433 2153
150 3 12X 15 i 2] i 105 5334 X 15 EIN 14 520 105
174 1 14 1B 13 G5 ] 0135 5152 24 7 1141 [IES AL 229
200 3] 0 TEL a0 15 b)) 15 D144 5197 ] bl 1315 G182 7 025
25 168 23 1€ 23 7 35 17 0k 501 34 g 140 2 0.205 805 0289
220 188 5 20 p] 19 150 15 PREE] ABSG 40 a 165 1 0230 HIL 9333
275 i 28 ] 2 21 15 23 [iF1E] A77 45 2 B2 0.254 397 030
=0 25 i 250 30 pE 180 23 0434 4n 52 .3 150.4 0278 10.91 0.402
Ex 244 33 6, 33 24 195 2 0.0 B} 549 5 HEY] 0383 182 430
350 53 35 ity 3® 2] 31} X D268 4476 &7 7 2337 034 293 474
ErE) FEL 38 i ] 38 225 iz 36 4350 i7 g 2513 154 400 0512
f113] 3 [] 3X 40 E7] 24 0 346 4348 (L] A b3 377 1456 D546
A28 Ef ] [X] 34 43 2 255 32 361 4124 57 93 2053 5 1] 0586
450 338 45 0 45 3 7 3 [IEA M 413 g 95 3043 0 535 1718 0B
75 356 48 3650 = 36 it 7] 0.445 3931 120 96 324 D &57 1557 JEG1
S0 35 £0 400 ET] B & ] G 484 3831 i34 101 358 D 483 1956 | 06X
5 334 53 4D 53 EE) Kl 38 D523 3B i55 0 3678 D510 D LFED
85 413 35 440 55 A1 KE] 4 063 357 183 113 b 0537 2166 i
576 A3 58 AED 58 43 RLE 43 i i) 3484 N7 125 3%h 0.56H 2% :24)
B0 ASE 0 AEG 53] 45 £ 45 QL57 EEH1] 257 138 418 QBG5S 2454 [Ei]
B25 AB% 3 500 B3 A7 35 &7 g712 3243 3 58 444 0549 5.2 2%
[5] 488 i 50 G5 49 280 ] 761 kAT 2od 15 457 Rz Y 65
675 508 [ 540 5] 51 405 81 3 3082 449 2 497 742 20 13
700G ] ] &6 i) 51 420 &3 EED X0 519 2 535 8id 31 58 76
) 544 73 SEG 73 54 435 1] 4 2075 754 40.3 584 0.935 3465 1,565
750 563 75 £0 75 55 450 £ 0 595 2174 1037 B4.8 £339 1156Y 40 D6 1756

Turning €10.80,10)  Roundabous. Votuwe ratle 121, 10% V. Ingeellre] =100 o1, fstand d=G4 . eleeulating o w1 #)
T Vewm gl T _ Y T T
i ParAppeach o Rond A . Ropd B Leqron of  Eff Bt Cap. . Quene :Avy, Belay Emissians tkgh)

A B L \] ! L T = R Saturation vphst L] fevali} <O,y HEC Cc oy
) 5 3 et} 3 3 e.1] F] 0.0% Bd44 3 73 202 .08 i05 G40
0 ] 5 a0 5 40 3 0.033 BAEE o 12 Er 652 198 075
5 75 [ EN ] &0 B 005 E353 8 74 %3 .G78 303 [E]
16 i) i £ it 1] 80 10 0.067 528 i2 74 731 [1]] 3E9 0.148
135 3 i 108 i3 53 100 13 057 £D44 16 75 632 0129 489 BT
150 &1 1 120 15 18 120 15 ) 5840 2% 77 127 0188 0a 226
175 75 18 o B B 140 1 13 [y 6 7 1322 184 5 266
i) 200 ] j154] 20 i} =] 24 G.15 E5IE ] 7 1805 208 317 .303
225 28 23 g0 23 23 jED ez 0.478 8452 36 B 703 238 a.30 0344
250 0 2% a0 25 % 200 3 0201 5248 43 B3 1895 0.265 1040 | 0384
275 215 i} 220 8 24 20 i) D 3228 5104 51 G5 2A5.7 X4 1157 0425
3K X0 n 240 30 30 240 ] 05 ] a8 BB %38 ElEl 1257 D.46)
325 3% EE] 1) k] 33 B0 a3 028 4812 &7 E] a3 348 1378 0504
350 350 3 60 35 35 2850 35 .31 4648 7 91 7.9 .378 1500 547
35 375 il =4 3 i} 300 = 0.3954 d47 5] 9.4 894 443 8.5 05521
400 460 40 ERt] 40 40 3 A {369 4328 101 X 37 0.437 17.47 533
425 425 LE] A0 43 43 a0 43 0.534 414B 17 i 3314 471 1665 582
450 450 45 60 ih A5 350 a5 0475 306 132 103 3B 0508 n0m 724
475 475 48 30 A4 48 380 [h] G837 3032 1ED 152 N3 0530 237 757
560 o] 5 400 50 50 A0 3] 0571 ) 193 123 i) e 0461 2366 0811
535 525 i3 0 63 53 438 Ex] 0.635 3485 241 141 4206 0803 24.72 0.873

i Een 550 55 A40 g5 55 A0 &5 YT 333 23t 163 4467 DE53 2546 09
578 575 i AE0 58 | 4£0 58 0.758 3106 358 [EJE] 4769 705 2823 (V]
[ [fia] B0 4E) &0 B0 AE() [} nRS 54 453 244 kR e 32 1842
625 [ 53 50 £3 63 50 63 0.805 267 E42 350 5780 893 3375 113%
BE0 B50 b5 58 ES B85 50 &5 0931 J158 071 53.49 673.9 1507 04 1.21
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Rotdabont, Volume taglp 4, 10% BY, scellsnd d=106 It (sbamb =64 B, cleculsing rd. we10 B,

[ PP Mohimie {upl o . o . . o
. Pop Approach Road A floall 81 Deyroe of | Eff, uen, Cap. - Ouene Avy. Delay Einisstous (kb
A B L T R L T R Satueatlun pep i} [Li1] s valif (o4 HC <0 Hay
25 25 5 18 3 5 ] k| 0o 432 E] 27 X4 o028 107 9040
50 ) Y] L] G 35 & 0033 43 6 7B 34 0054 185 D074
75 75 15 53 i5 &3 g 0962 244 9 9 £7 4 g 307 115
100 s} 20 i) i 20 70 k1] 0.067 61568 2 ap 738 D132 3497 1]
125 125 5 53] 13 5 B 13 0086 5976 k] B2 941 013! 549 163
1560 AED 1 10 15 30 1G5 15 #.18 5784 Py 8.3 1124 0157 510 25
175 175 ] 23 13 i 133 k] 0,133 6512 o B4 1336 0.187 e 0269
200 200 48 &0 ] 40 ap A 0.154 Aab4 3 £ 1520 0.213 7at 0.307
25 25 45 58 23 45 58 23 g EEeE] 38 i728 Q242 952 4380
30 20 55 75 pL] 50 17 5 0.265 5132 44 . 1907 0.268 i0.56 0.387
5 s 55 18 ] 55 ig P} 0.335 4550 52 217 e 1178 0430
300 300 [21]) 21 ] 60 2 1] 0,283 4602 &0 g pxk] 3% 1385 0 468
35 328 &5 22 32 65 228 33 9.202 4678 7 47 2813 355 457 0513
350 250 i) 245 35 76 245 E:] £.330 4458 a 00 ] 384 537 0553
s 35 i 263 ET 75 X3 38 037G 4784 8, 03 2532 A4 558 959
400 A B0 2B 40 [Ei4] 0 40 0406 126 e 06 EIEX ] 0453 773 538
425 435 85 20 43 B5 Xa 43 0.455 3044 124 1o 3333 D477 19.14 507
450 450 2 318 ) 80 315 45 1,508 3760 148 18 332 0.55 035 738
475 475 a5 333 48 95 333 At 0.556 350 183 131 I5E 2540 276 TG
04 &0 o 30 50 i0e 350 @ 05617 415 ] 128 . 427 0585 2368 633
525 575 105 368 53 ] 368 53 684 3240 28 172 4310 D633 2549 869
550 £50 113 ) a5 110 385 k4 .750 092 38 1] 4EQ B 0EB4 7]l 0.843
575 515 118 403 td 115 483 58 820 255 443 % AY75 0757 230 5 004
0] E0G 120 14 0] 120 420 EQ 0698 2816 614 37, 5631 0.853 3237 1,069
625 B25 125 430 53 125 438 B3 855 B 663 [5] EB50 1103 3633 1230
Roundaliont, Valime tatls 38 30% HV. Insciilied =100 t fdstand d-04 fr, chonfating pl, we=1d ftb
Voluag tvply. . R ... SIDRA Resals T
Read A i Renam Tl pompen of EH, Iwtn, Cap, Queus (Avy. Uelay . Emisglons kg2 o
T R £ T H Salaration epkd {hy {=vahy L8, He (3] Moy
15 3 a 15 3 2018 6415 3 g4 .t 002 1.10 G4
1] 5 15 E] 5 033 6360 [ A e 0052 203 0075
45 4 23 45 [1} .052 5272 ] 5 B0 [1E0:H] 313 016
EC I1i] i B} [f] 663 B108 ¥ & 747 0104 405 0.150
15 125 30 75 13 kL] Pl 13 D083 5L0 i B 5.1 0.133 §18 0151
150 150 A5 0] th &5 20 15 DN &84 2% ] 142 0150 [l 0230
175 175 53 105 38 53 i) iB 0534 508 7 A 342 185 746 037!
20 200 &0 iz 0 EQ 198 ] 0.158 5352 32 .3 53.5 216 B.53 0318
25 25 ) 125 2 €8 35 23 0.183 5184 33 & 1730 244 SE2 Q351
258 20 FE] 150 P 5 20 5 0243 4980 45 7 183 273 1380 0.592
275 FIE] [iX] 1C5 B e} 65 ] 0342 12 &5 iLi] RIEE] 203 1200 45
08 ] EY] 160 0 80 150 3 D.274 4548 53 02 2322 [VEE:] 1303 473
35 REE a3 1595 33 [EF) 125 EE] 0.208 A4ED 74 04 2537 0341 14.37 818
I 350 10 0 35 305 210 35 0.344 A2E0 [ ] 32 038 18.53 589
375 35 113 25 38 W13 25 ] 0 587 ERER: i3] 112 Xh Y 0421 6B C.BE5
480 409 [ 240 40 173 240 40 0.430 3920 114 i 3148 0 458 16 67 CEBa5
425 425 12d 255 43 18 245 43 Ki] 374 137 2. 37 3 11.484 18.48 DEGS
450 450 135 Ex] 45 i35 21 45 533 35856 1) 38 3533 CE 2074 0.737
475 478 43 285 48 142 285 A8 585 3350 210 63 3843 858 257 0782
500 0 150 20 50 150 350 &) £63 3176 2b2 577 4113 0605 e 0846
5% 525 158 315 83 156 315 83 G735 L]l 320 2 4430 0.660 &1 513
540 0 165 330 55 165 330 55 DEDS 2670 421 6 4783 7% 2600 096¢
) &75 173 345 B 173 345 53 [VEEA] 224 ] 38 5347 0.637 3115 1046
[5333] EOD 1EQ ES] ED 1EQ 366 [£] Q878 2584 L EE3 6401 063 36 48 1184

118



:ROBd A HV=10%, Road B HV=10%  Rowndabanm, Tuwining (10,90,80). Vokuie eatio 121, lusciibod £=100 lr..tisl:uui =64 A, clicubating ad, we18 fe)

T Vghune th T . . .. . SiDRAAwWm
Pur Apmoach . CRoat A Ramt B Dongree ol EdL Inow Cap, ;. @uens Ay, Dolay | Eenlzzlons (ky by
A B % T ft [ T i Sateation vpliy 5] (sived) o, < co oy
25 5 3 s 3 3 i) 3 ann 444 7.3 X2 [P ce] 5] C LD
50 &0 5 40 5 5 i) 0033 455 2 732 377 11352 an 75
5 75 [:] 1] ] 71} 0.051 664 74 £5 1 [VRELE] o 113
L] 100 1 [E] O i8] 53] i} 0067 6228 i 74 731 [V 389 46
] 125 [k 100 13 13 {0 13 0 087 344 i 76 g3l [T 8599 7
£0 150 15 120 15 15 12 18 018 840 e 77 17 0 356 BEO6 228
178 178 i 140 1B B 4 it} 0130 708 2B 8 1302 0.504 745 G 256
20 208 2 156 5] 2 [¢] i) PREL 5578 33 78 1505 200 817 D203
25 225 2 156 23 23 £0 ) 0.175 432 3% Bt 703 ) 930 DAkt
20 250 35 X0 i 23 =00 5 o 248 43 B 185 265 1040 D384
275 275 i) 220 8B ] 20 8 0 208 04 5% B 2087 Feli 1157 DA
=0 360 30 24D 20 3 24 ci] [ 263 4580 58 B 2260 0310 1257 0 461
Erd 315 33 260 EE 33 X0 33 [ 263 12 67 i3 2473 0349 1378 0504
P lli) 35 25D 35 35 20 35 Kl 4640 7 k] 0378 15.00 [V
s 375 38 00 a8 Ei) 0 ] 354 A472 i 34 w4 0 4 5.9 0592
[o13) 400 i) 30 49 Fit] 320 () 364 4338 0t 9B HB7 0.437 17.47 0E33
425 £25 43 340 43 L] 340 43 434 A3 157 16,0 33 D471 1685 0.682
450 450 45 2ED 45 15 380 45 475 % 132 jirk] 35 0505 e 724
&5 7 ] 2] ] B E] ] [ 5oz EEE] 168 i: ki W | 218 | 0767 |
500 ] 50 400 =0 50 ARG 4] 0571 3676 193 23 3N 7 56! el (IR
535 525 53 40 63 53 4X 53 D635 389 241 4.1 4205 59 2472 G
] 550 55 440 &5 &5 44 &5 0 634 35 231 B2 467 653 264B 095
575 575 -] 480 (] o 25 0 D7ee 3i% I8 153 A5 RiEE B3 fk
[z19] £0 Ef AEG &0 B0 460 2] [Tk 3064 453 4.4 5134 772 3037 1042
£25 525 53 200 63 b3 500 83 0.905 ki) b42 %0 5741 GEE] 3375 1156
E50 G5l [ 54 b5 G5 5340 [ 13 581 g a7y 500 6735 07 204 1271

RD&CI A HY=20%, Road B HV=20"  Rewadabasn, Twining (19.00.10). Volsine ealls 131, Insciibo d=109 f. jisfaml =64 ., cliculting sik. we ft.l.

‘ Vet fopi _ _ . _ SIGTA Rozals .
Par Approach Road & X Read B Dogren ot EfL Intn, Cap, | Quene i Avi. Defay © . Emlsslong (ky By
L] B B L : T R T R Satnatien gl L] [siwah} .0 e cO My
] ] 3 pii] J k) XD 3 [iE] [ 3 74 b 031 133 Big
50 £ 5 1] ] 5 40 5 frliel 5934 [ 74 240 055 24 0EG
i 75 i [£i] i 8 o] B 0z 5550 bkl 7B B 3] 386 137
0 16 ! [£3 10 bl ) n 0075 5544 i 7.7 k] 12 434 176
135 125 ! v 13 K] 100 13 0058 5364 X Z. 1942 45 640 26
150 5] ! X 15 i5 158 15 0121 5240 ] B 136 173 7a7 271
REL 75 i 4 18 if 140 16 147 5048 3 g2 160, 0264 9 3G
A0 260 20 £ &) ai] IEQ 0 2172 SESS el B4 1B83.2 0234 10 45 D 367
235 225 23 28] Z 3 [JEi] I3 QAR 4716 4 BB 7.5 0265 11.91 A7
240 250 5 20 = 5 it % 22 4576 5! [] 23 0285 1302 462
! 75 28 20 o] 2B 26 2B “Bd 4408 B -] 255 1330 i484 s17
X 300 0 pl D 3 24k 20 2968 4252 74 [ 77 0360 1632 0.563
P 335 3 pric i) 33 EX] 260 33 337 £054 31 23 3047 3% 17.90 620
30 350 35 2EQ 35 345 30 -] 37 KEET] o3 04 3x3 04% 1837 (e
3! 3 a8 S0 3B 3 200 2 420 788 116 0.4 53 0 462 203 T24
A A 40 320 Fii] Al 320 & 46 BN 2] hiA ENEY] FEX] 2283 | D774
4% A2 43 340 43 43 34 43 Fa] 3436 i) 52 040 431 24 33 B33
450 450 45 F#0 ] 45 0 49 ¥ 3784 204 EN ihs A7 %63 gB34
&5 478 AB 30 P 4 350 48 45 30 2565 15.4 464 24 87 Q566
£ 500 B AR0 &} S AD ] G715 218 32 K] 458 578 05 1035
525 525 53 40 83 53 A0 53 0787 2816 AD4 27 6373 42 3338 1188
L] [ 5% 440 53 55 A4 £5 0E6T 2670 547 3.2 6893 836 36 58 [
FrE EEE] 5B 4E0 2] 58 AR £8 fofer 2544 [ 510 879.2 .014 4107 1.342
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‘Read A HV=10%, Road B HV=B% Roumlabout, Twinbng {10,68,10), Velumie 1atla 104, toseslived d=100 fe (istainl d=64 fi. clecnlating v, w=1B 1.}

e Vatuma {vph) K . SIORA Results
L PetAppogc D ReatA foad B Dogies of £ tetn. Cap. ;. Quens . Avi). Datay . Emisslons (kg Ty
A - B L ¥ fi k T a Samnatlan vphl ] [s:woh} £o, . HC <0 Huy
2 ey 3 ] 3 X 3 oovg 452 73 151 07 0w apg
] 50 5 AQ A 5 0033 0AEH 72 BT 45 165 )it
75 5 B & 3] £ a 051 6334 73 538 76 281 R
Do [} i & 0 G 4] ] i) 6312 12 74 [ 4¢] kaca] 3E6 .14
) 25 i 100 13 i3 "o 3 G7 5103 15 7 [5:4e) 126 45T .17
Bl Ell] 1 .t} 15 i% 120 ] 106 5662 2 7 5.3 15} 4263 §.2i4
75 75 1 41 hi] 1B 15 [} 29 573 =% 7 2 0.7 6 B4 252
X0 200 A 0 X i 160 ) G150 5611 0 TG 42 i) 760 267
] ek} 3 0 3 2 i3] 23 0173 476 35 BO 0 B 2 65 36
30 et 35 200 % ray i) 25 o199 FIE 43 81 FED] 256 9.6b 353
A5 275 28 o 8 20 228 il) [ 5163 =] B3 9o 284 1).75 403
am 300 i} 40 X 3 240 1) DG SRl 57 85 2156 G.310 V.75 A%
325 325 33 <0 33 Ex] B 33 D 4914 ES ¥ 2349 D 339 12487 478
350 350 3% <80 35 35 ZEQ ; D311 A7 75 E] 2536 0 366 135 518
EfE] 375 38 0 ] 3 =09 =0 0347 4555 By 2z H3B6 D3% 1514 26D
A 400 A 320 40 Al 328 40 D360 4428 3] 4 a8 04 16,22 b.595
426 425 &3 340 43 43 346 3 0423 247 13 7 325 0455 17.47 BEBA3
450 450 A5 =0 45 45 360 48 0462 7 i o 3311 483 i BQ [
478 475 A = 48 48 ] A8 0506 354 A3 105 3514 514 9.5 F
50 560 a0 400 £ ] A 1] [.£52 381 179 15 370 5 43 2B b
535 435 53 A3 a3 53 i) ] OE1 3624 221 129 3315 83 54 BiB
550 5501 55 440 5 55 440 &5 57 72 a7 146 4302 nEx 2431 | Gigg
575 875 £8 4B £8 &8 AEQ &8 2T EEr] 324 70 4452 0.EG3 S8 tRlk]
108 [sild] rith 480 [£] 53] 460 &0 0750 397 00 D4 4753 D721 27 bl D370
2] B15 63 00 b3 B3 O 53 0EBL 3053 534 pr] 615 3 0.602 24ar ¥ G38
B [E] 65 520 = [ [ &5 3533 234 246 EEX] 5756 0525 3318 113
675 B7h %3] 540 [:3] £8 540 24 1.0 kiE] 1367 [ 5910 1577 3904 §.270
‘Road A HV=20%. Road B HV=10% Reundabout. Turning (10,66.10). Vetuma vatio 121, luscdliol $=100 fr. fistaind d=6d ., eleenlating tl, we1E )
o Vefime taet) S S SIBRA Remilis o
Per Appranck ¢ CRoal A . Road bl .~ Begsae ot EH b, Cap. . Guane © Avg. Dakay Emlzslons kot
A : g E T : R 13 T R Satstatlon twply ] {svehy g, - HC 0 Hu
5 5 3 . 3 i1} 3 g [ 3 T Z2a 2103 [NE) 044
50 & 5 40 5 40 035 &87 6 7 408 453 219 {081
75 75 [i) 1 53] 57 5663 i T 633 081 343 0125
10 {H 1& €0 il 0 4] o 74 5600 4 7B n.e 107 441 161
125 ] L] Ho 13 3 Gl k| ] 5408 18 i 1037 137 5 [ 207
150 g 15 120 15 5 20 15 18 5333 24 B 1244 165 6 B 248
175 75 18 140 18 5 40) [} 144 154 i) [i] 1431 194 81 293
2K 200 20 1] ] X [ i) 156 500 35 1 6B R 9.30 a3
225 225 3 160 k] 23 [5] ] 197 4426 Ll 3 8858 252 50 360
250 250 5 200 25 - et 5 213 A7l 51 5 23 280 £0 433
5 45 i) 220 =8 24 e} 28 0 256 4544 b1 2 226 oz 19 0.47%
X0 300 30 240 30 E) 240 30 0 266 4393 70 0 523 033 4 | Bs12
] 32 33 260 33 33 260 33 0324 4025 iH] 2 2759 D373 15 82 .61
i3 350 35 ] 35 35 260 k] [).357 4114 Jik] 5 Fiok] 0401 S22 GO
L 35 375 EE] 30 ] a8 ] 30 0.201 3252 o ] 24 0435 18 64 58
400 AGD A 0 40 48 320 40 I} 440 382% & 1 32 0465 39 87 703
425 435 LE] 348 43 43 33 43 L4592 3652 ) 0.7 sB7 LENT] 215 756
450 450 A5 30 45 45 360 45 D839 3515 178 1E it 0532 8 E04
475 475 48 B0 4 48 60 2B 0599 3340 s ] 30 415 [.571 2477 een
500 500 it 408 ] 50 400 o0 DE51 3182 a7 AR 4350 i H 20 BB 092
525 525 53 44 53 53 A0 53 0778 3044 33 174 476.3 DB7G 2583 0g88
556 SE 55 440 55 =5 A0 55 0797 2503 A nz S09.7 0.727 200 49
575 575 54 4B =] £ 460 fi] 0 BGY 2788 547 <80 5555 EGE] A RR
280 [Hvi] [1] 4E0 23] [Ei] 280 60 0849 TBED a7 LELY] 52 0553 3788 52
535 B35 63 060 53 £3 £00 63 1.020 253 1315 7ig 747 1.203 44 B7 1)




;Ensc[ibed d=8B0ft (isian.d d=44 ft., circﬁiating rd. w=18 ft) ﬂmsml.\ha;u. Vult.:snn rafla T=5. 'i.‘l;ulll;tgﬂu.[ié.ﬁﬂ.).. 1.0‘3"\.;.

Valinee peplj X . SiDaA Resulis o L

Pat Appioach fload A o Raml B . Degree of | Eif tntn, Cap. | Ovsuga  Avny, Delay . . Emlsslons (ky:h)
A B L T . R L T i3 Satyestlon wphi [Li}] {s’vah} o, i 1 o Hoy
25 ] 3 20 3 3 X 3 ama §44 3 79 05 i) 132 004
50 0 5 40 5 5 40 4] 0033 456 B E 383 {53 2 nnrz?
75 75 8 i) £} 8 ED i [EXiY] 6354 ] { &7 6 o8 3 g7
100 109 1] [£4] [Ii] 1 5] i0 G.0e? 5228 2 1 Fd.2 106 1 {151
15 125 13 i) E 13 100 13 0 BG7 6044 i 2 ai 4 133 20 Q.18
120 140 15 ] 15 128 15 i) S840 21 3 1151 b 16D E37 0233
175 175 18 140 1B 740 § G130 578 5 5 1338 Ij 153 70 0373
20 200 1] 1£D X X 180 | [ERET 5576 el [5 1522 D215 856 FEI
225 025 23 160 x] B 169 P 17 5832 36 Ba 17214 D243 9 {352
250 250 5 200 5 ) g e 020 5248 43 Ba JEAEN nan 1084 { 3ad
5 25 o] 20 a8 a8 220 20 0221 104 a1 g1 I 0.300
0 200 ElT] 240 ] ] 240 ] 0353 450 5 3 289 0325
3% 5 fi 50 33 i3 piiiti] iz 0203 A812 &7 & 49.3 355
350 S5 35 250 5 35 260 S 0317 4840 i 8 26498 285
375 k) i1 k] ] B X Ei 0 35 4472 £3 0 2513 415

) 409 1] B i) i) 3 4L 0 384 LER:] m 1) 3105 A58

45 435 43 340 43 43 3 3 D43 4148 37 i 3331 0478

i Ash 450 15 0 A5 45 e ol1] 45 D475 %6 Y 1] 3T D507

L _Als 475 a8 k] L] 45 360 48 D532 3332 163 118 37 ns3
S0 00 £ 400 E] 5 400 50 nan 376 193 130 354 3 D &70
5§25 535 53 420 53 53 420 53 0635 3466 241 146 4228 OB1a
550 550 54 440 55 55 440 55 D634 3336 a1 6B 404 0 Bal
575 57 =8 4E0 58 53 4ED E: D758 3108 350 X0 4788 07
£00 [ 56 AE0 &0 4] ] 5] D625 3064 453 =X 55590 Q760
625 52 83 500 ] ] SHH) B3 [ 505 il 54T B 5160 Q.80
&850 [31] &5 530 &5 [ 520 ] 0.881 RES 871 06 EIGE] 1,116

Inscribed d=100 # fisland d=64 ft. circulating rd. w=18 &) Renuahout, Vatume tatlo 1. Turulun (10.00,105. 10" HV.

\ - _ Volsme fophy R T T SIGEA Rawiliz )

Par Appinach .. Raad i H Road B Bograe af - EM. lote Cap. | Quens | Avy, Delay Emssisng (ki
4 - B T R L T R Saturatlon . toply (vl €0; (1] o fhuy
5 25 e} 3 3 pii] 3 iGTE] B444 3 73 202 ome 195 A0
50 Ei] 40 5 a &0 5 033 BG4S & 72 i 0052 196 75
% 75 B 1] 8 8 53] 1] G54 a 7.4 58 2478 3 13
0 10 Ji] 680 i) i Bl o7 6238 12 74 731 D15 ENis] 0146
125 125 3 100 3 i3 1t 3 o7 5044 i) B 5] 219 4499 a7
150 150 5 120 H 15 2 [ ] 5840 ] 77 1127 0 155 315 2%
78 [E] 3 140 i [I:] A 1B i3 5708 et 7B 1322 0184 715 X6
X0 200 ] 1] 1] i) 160 i} 151 5578 31 Z.9 1505 009 .17 303
25 25 23 180 e 23 180 s 175 5432 k] B.1 1733 0738 Eil 344
P 250 5 200 = 2 i 2% 20 5248 43 B3 1895 ¢ 0.065 1040 304
5 25 ] 20 ; 2 228 26 2 5104 51 37 0 204 Lh7 476
] L] 20 240 = 30 248 1] 25 4260 5 2288 031 257 AB1
35 325 33 2ED 33 33 68 3 [TEE] 4812 67 A3 9 34 Xi) &4
=0 350 35 260 ki EL) it] £ 031y 4640 7 57 49 037 3] 547
375 375 k] 3 3 30 ET] 3 3564 4472 5 4 piEX ) { 4D 1628 89
400 400 1] 30 E] 48 3 40 ] 4320 [i]] 6 07§ 04F 1747 | BB
A28 425 £3 340 43 43 34 43 434 4140 [k 1040 3314 D471 i8ES ed2
450 450 45 30 4 45 X 15 475 3956 132 0.3 311 a5y | e | 674
475 A7TS 48 80 4B 43 k: ] &22 3832 150 n3 na3z 53 2137 0767
50 500 ] ALK 0 <) 400 0 a7l 3675 193 123 L7 561 G oen
525 526 83 4y 33 53 420 53 [ 3383 241 181 405 £02 2472 DEz3
= 550 &5 44 E S5 240 55 OB Kk 2 B2 A4 7 £53 | 2648 § DO
[TE 575 &8 4EQ 58 58 450 58 a758 3% 358 8.3 4768 )] 2623 [
500 EOO &n ABX [£1] [£i] 480 o Q65 3064 453 254 FIER] 772 032 1042
P H 625 63 X 5] %] 500 B3 0.205 2520 bd2 &3 5740 533 35 §.536
;859 G50 [ 520 E5 B5 620 ] 0.281 pIES ari 5.9 6738 07 3504 1.271




nscribed d=t20 & (stand d=84 ft. clrevlating rd. w=18 ft.

Roupdabout. Velirane eatie 121, Taodng (10.60,10). 40% HV.,

T Vohme fvph} . s . . SIURA Resutly
CParAppanach Roag A foal B _Bogrea of . EM fntn, Cap, | GQueno  Avy. Dolay Ewlsslons {flkyh

A 0 L T R L T n Sataratlen {wph) th) {svahy [ s O i [ [ Hoy
] 25 3 X 3 X ngig 6544 3 L] 198 27 1 &9 o9
= 0 5 A0 5 A 413 [R5 b B 7! 0050 1 Bi o3
75 5 1] [71) 8 &) [ 6364 @ 7 5B 76 204 110
1 153 i 9] ] 12 50 0 .57 [ERE ] ] 712 a8 380 {147
1% 125 13 03 ! 13 100 3 a7 [l 15 4 828 128 473 i) |
156 150 15 20 b 15 124 i) S840 A ] 13 152 577 g
175 175 18 ] i) 8 140 k] S ) 72 SHIE N¥E] &3 4260
20 200 (] 180 X i 1EG X 151 5576 31 73 TEE] .05 782 0.297
25 25 K] 580 23 23 1] z 175 437 35 745 W86 232 a8 9337
250 250 5 X0 5 e 200 e 20 5248 43 7 17 e ey 100G e
R 4 2B et} i3] i) 220 <L [ege:) S E 7 075 283 s 18
30 300 ki) i) 2 3 240 0 G253 4580 58 8. 251 313 1215 454
105 34 kE] 2E0 x] 3 B0 33 0183 4812 G7 B 2455 345 1335 .3 D%
i 350 35 50 ] 35 <60 = [VETE 4620 7 B5 2651 632 1456 ] D&20
375 36 38 e 3 208 38 354 4472 3] 7 pid 0503 1586 L85
430 400 [ 30 A A 330 ag 039 434 1 3 367 .1 D43 1705 E2G
435 435 A3 30 4 43 HD 43 D.434 4148 7 330 DaBs 1048 .G7T5
480 450 45 SE0 A5 44 0 45 D475 IF6 a2 3498 0434 i9.71 Fals
475 A5 [E] SE0 4B i) 360 AR D622 3332 [1] E 370 535 242 62
S0 £00 4] 408 21 5 400 50 571 3675 93 Ik 390 8 555 5 £a7
5eh 525 53 AN 93 53 420 53 D635 s 24 i35 419 3 DEO1 pile] EEE
550 S50 55 A0 55 55 40 55 0634 EEE 21 155 45 3 i €A 23
575 875 ] 40 5 58 4B0 58 0758 318 358 87 455 0.699 27 87 78
600 500 [2H) 1] 50 60 460 0 [iE 3054 453 238 A11.7 D768 i 39
[0 625 63 500 3 53 £00 53 BT 25 Ba 3.4 5724 0.B07 kT 133
B B50 [ 5 5 5 520 G5 0.881 27t 971 £9.3 6723 1.500 30.75 57

‘Volume ratio 1:1 Slynal. Farnbun (£9,60,10). 10% HV,

F ... Yohume piph) i e SIDRAResul

L Per Appranch . RoadhA Raml B Demoe of Ef o, Cap.; Quene Avg. Belay . Emlsstons fh)

i i) I T R L T i3 Sataration ivphy i faiveld ) 1o co Huy

] 25 3 i 3 3 2 K] 0,055 pibE] [ 5.4 05 0.028 105 0040

156 &0 5 il 3] 5 40 5 0,463 2050 12 53 38.2 0.053 485 075
i 75 B 60 ] 50 ] D152 297 iB 5.4 57.4 a07s A58 0.584
160 100 (V] a ji] 1B 30 i0 0,569 2158 21 5.3 740 0103 3 0,347
125 125 3 106 13 LE] 0o i3 D258 N5 30 58 243 0.1 4.67 0.158
158 150 5 ] 15 5 20 15 252 2376 E7) 57 1145 0.160 615 0.2 |
175 175 18 140 1B il A0 18 E 2183 43 B4 348 0102 73 0.37
200 200 ) 163 0 20 160 A0 388 2154 ET 7o 836 Q.17 B35 0308
235 ] 23 15 3 ek [5i] 23 0.454 A7 68 7.5 738 el 47 0345 |
] 350 35 X0 5 ] X0 5 0.508 X [i] .1 84, 2375 10.65 0.3%
75 278 8 20 28 ] 20 B 0,468 338t 108 92 s 1) 305 1153 0.42
300 0 =0 240 30 i 240 30 0.457 5256 133 63 433 332 1257 0 450
33 325 33 X0 33 33 250 33 053 2871 164 1314 252 55 1349 0 501
Jet 350 35 piEn] 35 3 pzit] : 06X a7 147 114 78 401 1528 Q8555
37s 375 ] 30 3 E 300 = 0566 205 ) [EX A EE:] 1594 2589
400 A 44 320 a0 1] 30 40 0628 26433 258 45 3240 473 1716 b3l
425 425 43 30 43 43 340 43 9637 2828 Eis) 165 3621 517 18.51 519
450 450 45 260 45 45 30 45 686 wn EE]] 175 BT 854 1359 724
L 475 ] 380 4B 43 &0 48 2713 804 36 18.2 333 533 2112 768
£00 £ £l & 50 £0 488 50 7ah 2759 425 205 4240 636 282 Bid
525 55 53 420 83 53 420 53 76 285G A7% 31 4551 0683 2415 B89
S50 550 55 440 55 5 4413 55 506 2872 537 57 4659 o7 2583 G 918
575 575 55 AED 58 i 468 (] B4 A7 &1B B8 518 3 o0 2733 0973
[rad] BOG EQ A0 [E5] U 48 EQ 542 ELi]] 764 47 2B3E B8 347 1.632
B85 625 63 £00 63 3 500 63 B75 022 1094 436 559 1 06 3165 1113

. EEQ BED G5 520 65 ¥ 520 G5 310 il 1126 474 ER3 7 1.07 3373 1.178

. Bbr5 675 5] 54 [5] it 541 E8 954 X5 1364 550 7200 7,193 367 1 267
70 it 0 S50 70 7 566 il B 305 1343 6815 7653 1,288 3B 1355
75 725 FE] 55 73 73 580 73 993 A7) 143 7349 9486 1.452 44.15 1482
750 I50 75 £00 75 75 G 75 i34 301 1545 754 £EB.4 §.479 J6.41 §.521
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Volume ratio 4:3 Signal, Tl 116,80,505 10% BV,

Valume fuph) SI05A Rasults

S Poy Apptaagh Cfoald A Roat B Degiee of Eil latn. Cap. Ouane  Avy, Doelay Emdsstons thy:h)
A - B L T it L T i Sataratlad tvphi i vk O, e (o] Hay
P 5 3 i) 3 3 20 3 2050 2854 3 54 180 0025 032 (e
56 ) 40 5 & 5 FENis]] pich] i 53 35 0.046 171 C.086
75 5 [£1] ] 0 B 0.134 ¥ 1 54 B 007 2.61 [VRLES)
jit:i] It 1] =1 1] it} 80 10 0.172 2148 b 54 B57 [iJiz1 R [RE]
126 126 3 100 13 i3 100 13 G218 2317 i a4 B13 U114 4.5 0163
180 150 5 20 15 35 (K ] 0.282 1633 34 B S37 0138 E {1187
175 175 4 40 18 18 14 1 0.344 1631 43 9 RIE 0.162 e ] 0.233
200 200 X0 £ i3] 20 15 X 0384 1956 52 85 134.4 0168 25 0.36%
235 205 23 i) 23 3 1680 prz] 0.353 PR [ 78 1513 0.213 B 15 0302
260 250 5 208 25 2 i) 25 0.433 205 F 7.4 1588 239 AT 0.339
5 275 =8 EET <8 2 2 8 0.483 2103 83 78 iE65 a5 10,19 9376
20 300 ] 240 ] H 240 30 0.520 2122 93 83 238 2 1119 4.410
325 35 A 2ED 3H 33 60 a3 05290 2030 104 9. 238 .319 125 1.448
350 0 3 260 3B 35 ettt} 3B 2590 2166 126 §7 2406 345 324 483
375 375 38 300 38 38 306 35 644 2548 187 114 .2 N 373 373 510
408 400 4D ERi] A0 A 30 40 651 668 0 126 Jrad 0.201 45h 541
425 425 43 340 43 43 340 43 650 2660 243 132 2658 0432 1575 0582
P A5 450 45 350 45 45 X0 45 0638 2607 i) 1432 Eli 465 16 69 [isicr]
475 478 L] 360 48 Al 350 48 G542 2 337 183 474 i) 17 6a R
el 400 3] A0 50 50 400 =) 0675 ried] 351 159 3618 533 1508 [i:i]
525 e 53 43 53 53 430 53 0755 2469 EF:] 167 31z (1553 2065 0745
550 50 55 440 55 55 440 55 0739 J740 A3 135 a7 7 0 ED8 2148 0783
515 575 Eil AED 58 58 460 £8 O.ED4 %638 441 653 4301 g6d5 =Y 0B28
B 00 &0 A8 [ 50 480 & 0.co8 piE 443 ] 4543 0566 242 0 6RG
625 [ 63 <00 83 E] 560 B3 0.B2F 2500 K] 257 4E5 2 743 2555 0316
B50 EEQ &5 520 €5 &5 530 [ 0.648 2837 106 285 5157 796 B85 0.961
675 675 B5 540 BB €3 540 oL 0.563 <883 765 3.6 5467 53 X453 1.012
760 7060 it 53] 70 Fii] S50 n 0.855 219 14 3B6 £B3. ax 29 659 1 080
725 125 13 580 13 73 560 73 0.656 2981 115 425 B33 021 2.3 1.131
756 750 Fis] £00 75 75 [Z00) 75 34 A2 1281 43 £03. 422 3514 1,208
75 75 16 620 18 78 620 ] 50d 2855 129G 54, Ti5.7 481 37.68 1.278
60D B0G &) G4g 20 BG £40 0 051 iz spd 1565 714 7580 1.354 43172 1.388
Turning (10.80,10) Sigual. Votuma ratlo 135, 16% HV, : ;
[ . Voleme feph) . ) . ... SIDHA Residts e
Pat Appraach . RamlA RoadB begiae of ; EfE . Cap, Ounano - Avi. Delay . Emissions tkyh} .
A H H : L . T it L T R Satutatinm vpiy - svehd CO;  HC (%3] hae
25 ] 3 X 3 3 jii] 3 D G55 2133 5 54 A5 0023 108 40
&0 &0 5 40 5 5 L] 5 D103 2084 12 53 =32 0653 185 75
7h 75 8 B0 8 B [ 5 B 2537 1 L] 57 4 NTE] 288 14
100 100 i} [£1) ] d [51] it} 0 69 ngs 2 3 741 0.103 368 147
125 115 i3 .t i3 13 jei] i3 0,250 12 ] B 843 .13} A57 15:2]
150 i) 14 i 15 15 120 15 0282 2176 34 7 154 0460 615 230
175 §75 iB A0 1B [[:] 140 16 0341 163 A3 4 134, WREE] 7.3 027y
20 260 2B 180 ] i) 1EQ e 0265 215 54 il 53 g7 25 0309
25 215 23 1E0 23 73 1ED 2 0484 2057 Ga 75 73 D6 A7 0348
1] 50 5 200 % 25 00 x 0 2078 3] 8.1 EIN 0278 065 0.381
25 273 8 20 28 ] 238 <t 4G9 rag 10 i3 214 8 S0 11.53 0427
Eid] | 2 i E3] 3 ] ] 467 Ty 133 ik 233 33 1037 AEQ
35 335 k] 20 33 n 280 3 531 2571 164 3.4 553 365 1345 0
350 k0 35 280 35 3% 250 35 i) 2357 {47 1.4 277 B AQY 1508 555
35 35 38 A1) 38 ] 30 38 558 275 ekis) 37 2024 RE:] 1594 | 0588
400 400 A0 320 40 A0 30 40 OEJB 683 258 A5 3246 X-1E] 716 E31
425 425 43 340 43 A3 340 43 637 282 A5 105 32 D517 13.51 B9
450 4500 45 30 45 A5 e v 45 s i 330 176 50 0 554 1959 724
475 475 48 0 48 18 zBe 4 713 a4 a 19.2 34 593 .42 0768
&0 500 £0 A0 4] 5 00 50 Tii 215 425 209 450 636 )7 nais
] 435 53 &0 53 53 420 53 0778 i) 47 231 455, £39 24.15 0.0
550 55 440 8 &5 A0 a5 766 2872 537 B.7 485 074l 25 B3 0518
£75 575 58 450 5B 1] AC0 £l 3041 2071 13 ] 5133 OB 2733 0873
L] 3] [} ABD ) 5] AGD &0 Q642 3001 G4 M7 502 0 J68L 2507 1032
] 526 &3 £00 3 63 00 &3 gih 0% 1004 436 625 1.007 3185 1153
=] i) 55 &0 5 &5 30 ES EAL] INE 1B 4.4 £63 2 1077 3373 176
a75 b7 63 540 5] 60 A0 [i] 954 583 it B, fi] 1.193 kil 26T
700 70 ) S5 Fit) n 560 i) G0 E 343 &1 768 1,203 3985 el
75 72 73 50 73 3 £hG 3 X3 EHE] 454 bE] BB 1452 4515 62
750 750 i5 5] 75 75 [251] 15 24 3081 1546 75 EBG 4 1.479 46 41 5
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Slynal, Volome sae 111, 10% HV,

“Furming (20,70,10)

E L Volnme {vpht A X L SIGRA ftasults o
i Perfppreagh i Road A . RoadB Dogese of Bk Intn, Cap, | Quesa  Avy. Delay Emlsslons (kyhy
: A B £ T R i : T R Salsraton {uphi 1 {eivehy £ o HC L0 Hoy
25 ] 5 B 3 E] 18 3 [ 2144 [ A A7 L8 108 aD41
5 &0 i 35 5 4 25 b [ EIE 10 i T 0063 15 3075
5 P i5 53 8 i 53 B 148 71 1B Z 5B D G 081 3o 0.1
[£1] 160 20 n i & il 10 C.1%0 2184 2 3 74l G104 o9 0.148
L) 5 5 2] 13 B B3 i3 D 254 2102 ] 350 0133 10 126
0 5 3 108 15 3B 165 15 DR g 3 B $138 0.160 20 220
175 7 35 123 hit] 35 12 i 0 353 2185 A 7 1352 0191 .36 272
i) 0 40 120 i) 40 14 20 0 387 2182 52 1847 0220 851 N2
225 X 45 156 23 A% 5 px] 0.451 2075 =] 175 0258 9.69 355
___~2_§U 250 20 175 ] 50 i ) (1514 048 23] | 194 027 1080 G393
A75 Pl 55 153 ] 58 4 8 0487 2568 5] 10.2 25 0310 1178 D43}
=0 i) 53] 210 il [£i] 21 0 0.534 2362 H 14 236, 033 78 0,469
3n 325 G5 220 33 65 221 33 ] 2587 165 2.3 BB 7 0373 3 BA 8510
350 350 70 245 35 Fii] 24 35 576 2558 [ 3.4 280 1 0.406 5.03 Q520
EIE 378 75 63 2] 75 il i) 579 2733 23 5.4 58 G247 37 3.505
AL i) ) B0 40 [£.1] 280 A0 623 e Jit 15 3270 0.480 7.46 0636
425 435 B5 sl 43 5] g 43 £54 2745 315 18 357 652D B8 £06
ACH 450 2] 18 45 o0 315 45 0 B 274% 31 1B, 3o D561 g ] il
475 475 Er] 333 4B 85 333 il DI 377 332 A4 434 i 504 £0 i
50 i i) 30 £ 100 ) 0 /5% T A3 250 4333 0555 3] 1%
54 525 105 e 53 s 368 Ex [Tkix EEE] 508 254 463 0 nie 2483 i
560 £50 150 305 &5 [} 35 55 QB39 HEs 6% X1 4957 0778 222 bif32
575 574 115 483 58 115 AL £6 JESh EEH o 341 538 0845 2805 NEEN
500 2] 128 430 [£1] 120 42 B0 D664 207 207 414 fots] PELE] 2586 1055
625 625 15 438 83 125 A B3 0.940 2505 115 417 B 1055 3312 1,944
650 B50 30 455 65 i 5 [ S84 2B 334 B4 703 1472 AL 133
B8 §15 35 473 5] k] 473 [H1] 203 2818 204 59.5 727 1150 3300 1763
700 71 ] 4 0 i 4890 1] 074 Q745 489 2.8 FEIE 143 43,22 1.473
735 735 146 50 73 145 &5 13 1 6% 2803 568 931 6983 §.560 46568 154
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APPENDIX B

GRAPHS OF SIDRA SOFTWARE ANALYSIS RESULTS FOR AWSC AND
ROUNDABOUT INTERSECTIONS SHOWING CHANGES IN EACH MOE
AS EACH TEST PARAMETER WAS VARIED
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APPENDIX C

VARIABLES AND LOGIC BLOCKS FOR THE ROUNDABOUT RATING
SYSTEM
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VARIABLES

Accident_History
Static List Variable
Prompt: Is there a history of frequent and/or severe accidents at the intersection?
Static List Values; Yes, No

Aesthetics
Static List Variable
Prompt: Has the public expressed an interest in enhancing the community’s appearance?
Static List Values: Yes, No

Buy ROW

Static List Variable
Prompt: Is it possible to purchase additional right-of-way at the intersection, if necessary?
Static List Values: Yes, No
Collision_Types
Static List Variable
Prompt: Is there a history of left-turn head-on and/or right-angle coliisions at the
intersection?
Static List Values: Yes, No
Current_Problems
Static List Variable
Prompt: Is the intersection currently experiencing operational problems during peak fours
or throughout the day?
Static List Values: Yes, No
Current_Volume
Numeric Variabie
Prompt: What is the intersection demand during peak hours (totai all four approach
volumes)?
Current_Year
Numeric Variable
Prompt: Enter the current year.
Design_Year
Numeric Variable
Prompt: Enter the design year for the intersection.
Display_Results
Collection Variable
Driver_Fail_to_Stop
Static List Variable
Prompt: Have accidents been caused as a result of drivers failing to properly obey the
stap control?
Static List Values: Yes, No
First_Roundabont
Static List Variable
Prompt: If this intersection were converted to a roundabout, would it be the first
roundabout in the area?
Static List Values: Yes, No
Future_Volume
Numeric Variable
Growth_Rate
Numeric Variable
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Prompt: What is the expected growth rate for the demand volume (percentage per year)?
HV_Greater

Static List Variable

Prompt: What is the value of the greater of these two percentages? Choose the closer
value,

Static List Values: 10, 20
HV_Ratio

Static List Variable

Prompt; What is the ratio between the heavy vehicle percentages of the two intersecting
roads? Choose the closer value.

Static List Values: 131, 2:
Include_Emissions

Static List Variable

Prompt: Would you like the analysis to be based solely on operational performance
(capacity, delay, V/C), or would you also like to include emissions?

Static List Values: Operational_Performance_Only, Include_Emissions
LT

Static List Variable

Prompt: What is the average left turning percentage of vehicles at the intersection?
Choose the closest value.

Static List Values: 10, 20, 30
MUTCD_Signal_Warranted

Static List Variable

Prompt: Do the volumes at the intersection warrant signalization according to the
MUTCD? Do not answer if a study has not been conducted.

Static List Values: Yes, No
MUTCD_Study

Static List Variable

Prompt; Has a study been conducted to determine if the intersection volumes warrant
signalization according to the MUTCD?

Static List Values: Yes, No
Nearby_Signals

Static List Variable

Prompt: Are there signalized intersections in close proximity to the existing AWSC
intersection?

Static List Values: Yes, No
No_Accident_History

Confidence Variable
Ped_Bike

Static List Variable

Prompt: Ts there a significant amount of pedestrian and/or bicyclist traffic at any time
during the day?

Static List Values: Yes, No

Railroad
Static List Variable
Prompt: Is this intersection located in the vicinity of a railroad crossing?
Static List Values: Yes, No
Rbt_high
Confidence Variable
Rbt_rec

Confidence Variable
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RbtSignal_Intn V
Numeric Variable
Signal_rec
Confidence Variable
Transit_Route
Static List Variable
Prompt: Is the intersection located along a transit route?
Static List Values: Yes, No
Volume_Ratio
Static List Variable
Prompt: What is the ratio between the volumes of the two intersecting roads? Choose the
closer value
Static List Values: 11, 3:4

LOGIC BLOCKS
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Block: Roundabout Comiments

IF: [Rbt_recl>[Signai_rec]

THEN: [Display_Results. ADD_UNIQUE] The analysis and comments are provided as an aid in
determining the feasibility of converting an AWSC intersection to a roundabout while keeping the same
configuration {i.e., no added lanes). A definite yes-or-no answer can never be given, as various factors
create pros and cons for multiple alternatives, of which just two are considered in this analysis. The
final decision, therefore, is left to the planning individuals who must use practical logic and engineering
judgment in making the best choice. For further discussion and guidance, see the FHW A Roundabout
Guide, Publication No. FHWA-RD-00-067

IF: IRbt_rec)>{Signal_rec}
AND: Has the public expressed an interest in enhancing the community's appearance? Yes
THEN: {Display_Results. ADD]} A roundabout would provide a good opportunity for improving

the appearance of both the intersection and the community, in which the public has expressed interest, as
well as being an attractive trademark of the community. The central island, splitter islands, and
perimeter of the roundabout would provide space for landscaping. Some communities have also placed
sculptures or fountains in the central island as well. Note that such additions to the aesthetics of the
intersection will increase installation costs of the roundabout, snd landscaping will also require reguiar
maintenance.

> [Display_Results. ADD_UNIQUE] The analysis and comments are provided as an aid in
determining the feasibility of converting an AWSC intersection to a roundabout while keeping the same
configuration (Le., no added lanes). A definite yes-or-no answer can never be given, as various factors
create pros and cons for multiple alternatives, of which just two are considered in this analysis. The
final deciston, therefore, is left to the planning individuals who must use practical logic and engineering
judgment in making the best choice. For further discussion and guidance, see the FHW A Roundabout
Guide, Publication No. FHW A-RD-00-067

1F: [Rbt_recl>[Signal_rec]
AND: Has the public expressed an interest in enhancing the conwmunity's appearance? No
THEN: [Display_Results. ADD] While the public has not specifically expressed an interest in

improving the aesthetics of the intersection and/or community, a roundabout would be a good
opportunity for creating an attractive trademark for the community, The central island, splitter islands,
and perimeter of the roundabout provide space for landscaping. Some communities have placed
fountains or sculptures in the central island as well. Note that such enhancements (o aesthetics will
increase installation costs of the roundabout. Additionally, costs would be involved in the regular
maintenance of the lanscaping.

S>> [Display_Results. ADD_UNIQUE} The analysis and comments are provided as an aid in
determining the feasibility of converting an AWSC intersection to a roundabout while keeping the same
configuration (i.e., no added fanes). A definite yes-or-no answer can never be given, as various factors
create pros and cons for multiple alternatives, of which just two are considered in this analysis. The
final decision, therefore, is left to the planning individuals who must use practical logic and engineering
judgment in making the best choice. For further discussion and guidance, see the FHWA Roundabout
Guide, Publication No. FHWA-RD-00-667

IF: [Rbt_rec]>[Signal_rec]
AND: If this intersection were canverted to a roundabout, would it be the first roundabout in the
area? Yes
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THEN: [Display_Results. ADD] Since this would be the first roundabout in the area, many
residents unfamiliar with roundabouts may be initially opposed to the proposal. Oftentimes, lack of
proper knowiedge causes the public to become one of the biggest challenges facing a proposed
roundabout project. However, experience has shown that once drivers become accustomed to this new
form of traffic control, public acceptance noticeably increases. To ease this introduction to the
roundabout, significant effort should be put into educating the public on the benefits that it offers
compared to a signal, in terms of improved operations (capacity, delay, etc.), aesthetics, and safety;
reduced vehicular emissions levels; and lowered costs. Public workshops and informational brochures
could also be used 1o discuss the proposed roundabout as well as to explain proper driver behavior at
roundabouts.

>>> [Disptay_Results. ADD_UNIQUE] The analysis and comments are provided as an aid in
determining the feasibility of converting an AWSC intersection to a roundabout while keeping the same
configuration (i.e., no added lanes). A definite yes-or-no answer can never be given, as various faclors
create pros and cons for multiple alternatives, of which just two are considered in this analysis. The
final decision, therefore, is left to the planning individuals who must use practical logic and engineering
judgment in making the best choice. For further discussion and guidance, see the FHWA Roundabout
Guide, Publication No. FHWA-RD-00-067

1F; [RDbt_rec]>[Signal_rec]

AND: If this intersection were converted to a roundabout, would it be the first roundabout in the
area? No

THEN: [Display_Results. ADD] This will not be the first roundabut in the area, However, many

residents may still be somewhat unfamiliar with modern roundabouts. Oftentimes, lack of proper
knowledge causes the public to become one of the biggest challenges facing a proposed roundabout
project. Experience has shown, however, that once drivers become accustomed to this new form of
traffic control, public acceptance noticeably increases. To ease this introduction to the roundabout,
effort should be put into educating the public on the benefits it offers compared to a signal, in terms of
improved operations (capacity, delay, ete.), aesthetics, and safety; reduced vehicular emissions levels;
and towered costs. Public workshops and informational brochures could also be used to discuss the
propsed roundabout as weil as to explain proper driver behavior at roundabouts.

>>> [Display. Resuits, ADD_UNIQUE] The analysis and comments are provided as an aid in
determining the feasibility of converting an AWSC intersection to a roundabout while keeping the same
configuration {i.e., no added lanes), A definite yes-or-no answer can never be given, as various factors
create pros and cons for muliple aliernatives, of which just two are considered in this analysis. The
final decision, therefore, is left to the planning individuals who must use practical logic and engineering
judgment in making the best choice. For further discussion and guidance, see the FHW A Roundabouw
Guide, Publication No. FHWA-RD-(0-067

{F: [Rbt_recl>[Signal_rec]
AND: Is it possible to purchase additional right-of-way at the intersection, if necessary? Yes
THEN: [Display_Results. ADD] Typical inscribed diameters (including circulatory roadway) for

urban single-lane roundabouts range between 100 and 130 feet, assuming 90-degree entries and no more
than four approach legs. The roundabout should be designed Lo provide sight distance in three critical
types of locations: approach sight distance, sight distance on circulatory roadway, and sight distance to
crosswalk on exit (see FHWA Roundabout Guide, Section 6.3.9). If the existing area of the intersection
cannot accomodate a roundabout of the appropriate diameter, additional right-of-way will have to be
purchased, which will increase costs. See the FHW A Roundabout Guide, Appendix B, for guidance on
initial roundabout space requirements.

>>> [Display_Resulis. ADD_UNIQUE] The analysis and comments are provided as an aid in
determining the feasibility of converting an AWSC intersection to a roundabout while keeping the same
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configuration (i.e., no added lanes). A definite yes-or-no answer can never be given, as various factors
create pros and cons for muliple alternatives, of which just two are considered in this analysis. The
final decision, therefore, is left 1o the planning individuals who must use practical logic and engineering
judgment in making the best choice. For further discussion and guidance, see the FHWA Roundabout
Guide, Publication No. FHWA-RD-00-067

IF: [Rbt_recl>[Signal_rec}

AND: Is it possible to purchase additional right-of-way at the intersection, if necessary? Yes
AND: Is the intersection located along a transit route? Yes

THEN: {Display_Results, ADD] The intersection is located along a transit route, and therefore

design of the roundabout must ensure that buses as well as any other expected large vehicles (trucks,
emergency vehicles) can easily traverse the circulatory roadway. 1t is also important that nearby bus
stops be located so as to minimize the probability of vehicle back-ups into the roundabout,

>3 [Display, Results. ADD] Typical inscribed diameters (including circulatory roadway) for
urban single-lane roundabouts range between 100 and 130 feet, assuming 90-degree entries and no more
than four approach legs. The roundabout should be designed to provide sight distance in three critical
types of locations: approach sight distance, sight distance on circulatory roadway, and sight distance to
crosswalk on exit (see FHW A Roundabout Guide, Section 6.3.9). If the existing area of the intersection
cannot accomodate a roundabout of the appropriate diameter, additional right-of-way will have to be
purchased, which will increase costs. See the FHWA Roundabouwt Guide, Appendix B, for guidance on
initial roundabout space requirements.

>>> [Display_Results ADD_UNIQUE} The analysis and comments are provided as an aid in
determining the feasibility of converting an AWSC intersection to a roundabout while keeping the same
configuration (i.e., no added lanes). A definite yes-or-no answer can never be given, as various factors
create pros and cons for multiple alternatives, of which just two are considered in this analysis. The
final decision, therefore, is left to the planning individuals who must use practical logic and engineering
judgment in making the best choice. For further discussion and guidance, see the FHWA Roundabout
Guide, Publication No, FHWA-RD-00-067

IF: {Rbt_reci>{Signal_rec]

AND: Is it possible 1o purchase additional right-of-way at the intersection, if necessary? Yes
AND: Is the intersection located along a transit route? No

THEN: [Display, Results, ADD] The intersection is not located along a transit route. However,

design of the roundabout must ensure that any expected larpe vehicles (trucks, schoolbuses, emergency
vehicles) can easily traverse the circulatory roadway.

>>> [Display_Results. ADD] Typical inseribed diameters (including circulatory roadway) for
urban single-lane roundabouts range between 100 and 130 feet, assuming 90-degree entries and no more
than four approach legs. The roundabout should be designed to provide sight distance in three critical
types of locations: approach sight distance, sight distance on circulatory roadway, and sight distance to
crosswalk on exit (see FHWA Roundabout Guide, Section 6.3.9). If the existing area of the intersection
cannot aceomodate a roundabout of the appropriate diameter, additional right-of-way will have to be
purchased, which will increase costs. See the FHWA Roundabout Guide, Appendix B, for guidance on
initial roundabout space requirements.

> [Display_Resuits. ADD_UNIQUE] The anaiysis and comments are provided as an aid in
determining the feasibility of converting an AWSC intersection to a roundabout while keeping the same
configuration (i.e., no added lanes). A definite yes-or-no answer can never be given, as various factors
create pros and cons for multiple alternatives, of which just two are considered in this analysis. The
final decision, therefore, is left to the planning individuals who must use practical logic and engineering
judgment in making the best chaice. For further discussion and guidance, see the FHWA Roundabout
Guide, Publication No. FHW A-RD-00-067
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IF: [Rbt_recl=>[Signal_rec]

AND: Is it possible to purchase additional right-of-way at the intersection, if necessary? No
THEN: EDisplay_Resulis, ADD] Typical inscribed diameters (including circulatory roadway) for
urban single-lane roundabouts range between [00 and 130 feet, assuming 90-degree entries and no more
than four approach legs. The roundabout should be designed to provide sight distance in three critical
types of locations; approach sight distance, sight distance on the circulatory roadway, and sight distance
to crosswalk on exit (see FHW A Roundabout Guide, Section 6.3.9). If the existing area of the
intersection cannot accomodate a roundabout of sufficient inscribed diameter, additional right-of-way
would have 10 be purchased, however this is not possible. In this case, despite the better operational
performance a roundabout would provide, a signal is the only option, See the FHWA Roundabout
Guide, Appendix B, for puidance on initial roundabout space requirements.

S5 [Display_Results, ADD_UNIQUE]} The analysis and comments are provided as an aid in
determining the feasibility of converting an AWSC intersection to a roundabout while keeping the same
configuration (i.e., no added lanes). A definite yes-or-no answer can never be given, as various factors
create pros and cons for multiple alternatives, of which just two are considered in this analysis. The
final decision, therefore, is left to the planning individuals who must use practical logic and engineering
judgment in making the best choice. For further discussion and guidance, see the FHWA Roundabout
Guide, Publication No. FHW A-RD-00-067

IF: [Rbi_rec}>iSignal_rec]

AND: Is it possible to purchase additional right-of-way at the intersection, if necessary? No
AND: 15 the intersection located along a transit route? Yes

THEN: [Display_Results. ADD} The intersection is located along a transit route, and therefore, if

the appropriately-sized roundabout can be accomodated within the existing intersection, its design must
ensure that buses as well as any other expected large vehicles {trucks, emergency vehicles) can easily
traverse the circulatory roadway. It is also important that nearby bus stops be located so as to minimize
the probability of vehicle back-ups into the circulatory roadway.

> [Display_Results, ADD] Typical inscribed diameters (including circulatory roadway) for
urban single-lane roundabouts range between 100 and 130 feet, assuming 90-degree entries and no more
than four approach legs. The roundabout should be designed to provide sight distance in three critical
types of locations: approach sight distance, sight distance on the circulatory roadway, and sight distance
to crosswalk on exit (see FHWA Roundabout Guide, Section 6.3.9). If the existing area of the
intersection cannot accomodate a roundabout of sufficient inscribed diameter, additional right-of-way
would have to be purchased, however this is not possible. In this case, despite the better operational
performance a roundabout would provide, a signal is the only option, See the FHWA Roundabout
Guide, Appendix B, for guidance on initial roundabout space requirements.

> [Display_Resulis. ADD_UNIQUE} The anatysis and comments are provided as an aid in
deterntining the feasibility of converting an AWSC intersection (o a roundabout while keeping the same
configuration (i.e., no added lanes). A definite yes-or-no answer can never be given, as various factors
create pros and cons for multiple alternatives, of which just two are considered in this analysis. The
final decision, therefore, is left to the planning individuals who must use practical logic and engineering
judgment in making the best choice. For further discussion and guidance, see the FHW A Roundabout
Guide, Publication No. FHWA-RD-00-067

IF: [Rbt_reci>{Signal_rec]

AND: Is it possible to purchase additional right-of-way at the intersection, if necessary? No
AND: Is the intersection located along a transit route? No

THEN: [Display_Results. ADD] The intersection is not located along a transit rowte. However, if

the appropriately-sized roundabout can be accomodated within the existing intersection, its design must
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ensure that any expected large vehicles (trucks, schoolbuses, emergency vehicles) can easily traverse the
circidatory roadway.

bS5 [Display_Results, ADD] Typical inscribed diameters (including circulatory roadway) for
urban single-lane roundabouts range between 100 and 130 feet, assuming 90-degree entries and no more
than four approach legs. The roundabout should be designed to provide sight distance in three critical
types of locations: approach sight distance, sight distance on the circulatory roadway, and sight distance
to crosswalk on exit (see FHWA Roundabout Guide, Section 6.3.9). If the existing area of the
intersection cannot accomodate a roundabout of sufficient inscribed diameter, additional right-of-way
would have to be purchased, however this is not possible. In this case, despite the better operational
performance a roundabout would provide, a signal is the only option. See the FHW A Roundabout
Guide, Appendix B, for guidance on initial roundabout space requirements,

>>> [Display,_Results, ADD_UNIQUE] The analysis and comments are provided as an aid in
determining the feasibility of converting an AWSC intersection to a roundabout while keeping the same
configuration {i.e., no added lanes). A definite yes-or-no answer can never be given, as various factors
create pros and cons for multiple alternatives, of which just two are considered in this analysis. The
final decision, therefore, is left to the planning individuals who must use practical logic and engineering
judgment in making the best choice. For further discussion and guidance, see the FHWA Roundabout
Guide, Publication No. FHW A-RD-00-067

IF: [Rbt_rec}>{Signal_rec}
AND: 15 this intersection located in the vicinity of a railroad crossing? Yes
THEN: [Display_Results, ADD] Leocating any intersection near an at-grade railroad crossing is

generally discouraged, However, rail transit has been successfully incorporated into the design of
roundabouts in two ways: through the central island, or across one leg. During train passage, the
roundabout either completely closes or operates only partially. See the FHIW A Roundabout Guide,
Section 8.2, for further discussion of at-grade rail crossings.

>>> {Display_ Results. ADD_UNIQUE] The analysis and comments are provided as an aid in
determining the feasibility of converting an AWSC intersection to a roundabout while keeping the same
configuration (i.e., no added lanes), A definite yes-or-no answer can never be given, as various factors
create pros and cons for multiple alternatives, of which just two are considered in this analysis. The
final decision, therefore, is left to the planning individuals who must use practical logic and engineering
judgment in making the best choice. For further discussion and guidance, see the FHW A Roundabout
Guide, Publication No. FHWA-RD-00-067

IF: [Rbi_rec]>{Signal_rec]

AND: Are there signalized intersections in close proximity to the existing AWSC intersection?
Yes

THEN: IDisplay, Results, ADD} The performance of a roundabout is affected by its proximity to

signalized intersections. Roundabouts become more efficient when servicing platoons of vehicles rather
than isolated, individual vehicles. However, since platoons tend to disperse as they travel along o road,
the further the signal is, the fewer the closely-spaced platoons entering the roundabout, Consideration
should be given to the probability of queues from adjacent signals backing up into the roundabout.
Since traffic leaving a roundabout tends to be more random than that from other types of intersection
control, it is an mportant consideration if the intersection is located within a coordinated signal
network, as it would be difficult to maintain the required closely-spaced platoons. It may be beneficial
to divide the signal system into sub-systems separated by the roundabout in order to minimize overall
system delay. See the FHWA Roundabout Guide, Section 8.5 for further discussion of this issue.

> [Display. Results. ADD_UNIQUE] The analysis and comments are provided as an aid in
determining the feasibility of converting an AWSC intersection to a roundabout while keeping the same
configuration (i.e., no added lanes). A definite yes-or-no answer can never be given, as various factors



create pros and cons for multiple aliernatives, of which just two are considered in this analysis. The
final deciston, therefore, is left to the planning individuals who must use practical logic and engineering
judgment in making the best choice. For further discussion and guidance, see the FHWA Roundabout
Guide, Publication No. FHWA-RD-00-067

138 [Rbt_reci>[Signal_rec]

AND: Is a there a significant amount of pedestrian and/or bicyclist traffic at any time during the
day? Yes

THEN: iDisplay_Results, ADD] The roundabout should be designed to discourage pedestrians

from using the central island (e.g., with landscaping buffers). Consideration should be given for elderly
and disabled pedestrians, who may have difficulty crossing. See the FHWA Roundabout Guide,
Sections 3.3.3 and 6.3.7 for discussions on safety and geometric design for pedestrians. For single-lane
roundabouts, bicyclists have the option of either using the circulatory roadway and mixing with traffic or
using the perimeter of the roundabout like a pedestrian. Bicycle lanes should never be used within the
circulatory roadway. See the FHWA Roundabout Guide, Section 5.3.4 for discussion on bicyclist safety
in roundabouts.

S>> {Display_Results. ADD_ UNIQUE] The analysis and comments are provided as an aid in
determining the feasibility of converting an AWSC intersection to a roundabout while keeping the same
configuration (i.e., no added lanes). A definite yes-or-no answer can never be given, as various factors
create pros and cons for multiple alternatives, of which just two are considered in this analysis. The
final decision, therefore, is lefi to the planning individuals who must use practical logic and engineering
judgment in making the best choice. For further discussion and guidance, see the FHWA Roundabout
Guide, Publication No. FHWA-RD-00-067

IF: [Signal_reci>[Rb{_rec]

THEN: [Display_Resukts. ADD_UNIQUE] The preceding analysis and comments are provided as
an aid in determining the feasibility of converting an AWSC intersection to a roundabout while keeping
the same configuration (i.e., no added lanes). A definite yes-or-no answer can never be given, as
various factors create pros and cons for multiple alternatives, of which just two are considered in this
analysis. The final decision, therefore, is left to the planning individuals who must use practical logic
and engineering judgment in making the best choice.

Block: Rbt-Signal Intn Pemand

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queune, V/C), or would you also like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
vaiue, |11

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 10

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value, 1:1

AND: What is the value of the greater of these two percentages? Choose the closer value, 10
THEN: [RbtSignal_Intn_V] = 2456

IF: Would you like the analysis to be based solely on operational performance {capacity,
delay, queue, V/C), or would you also like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 1:1
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AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 10

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value, 1:1

AND: What is the value of the greater of these two percentages? Choose the closer value. 20
THEN: [RbtSignal_Intn_V] = 2071

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value, 1:1

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest vaiue. 10

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the cioser value. 2:]

AND: What is the value of the greater of these two percentages? Choose the closer value. 10
THEN: [RbtSignal_Intn_V] = 2509

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 111

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 10

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 2:]

AND: What is the value of the greater of these two percentages? Choose the closer value. 20
THEN: [RitSignal_Intn V] = 2240

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 1:1

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 20

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 1:]

AND: What is the value of the greater of these two percentages? Choose the closer value. 10
THEN: [RbtSignal_Intn_V]=2329

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you alsa like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. I:1

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 20

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 1:1

AND: What is the value of the greater of these two percentages? Choose the closer value. 20
THEN: [RnSignai_Intn V] = 1830
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IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queve, V/C), or would you also like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 1:1

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 20

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 2:1

AND: What is the value of the greater of these two percentages? Choose the closer value. 10
THEN: [RbtSignal_Intn V] = 2391

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value, i:1

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 20

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 2:1

AND: What is the value of the greater of these two percentages? Choose the closer value, 20
THEN: {RbtSignal_Intn_V] = 2073

IF: Would you Hke the analysis 1o be based solely on operational performance (capacity,
delay, quene, V/C), or would you also like to inciude emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 1:1]

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value, 30

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 1:]

AND: What is the value of the greater of these two percentages? Choose the closer value, 10
THEN: [RbtSignai_Intn, V]= 2201

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Include Emissions

AND:; What is the ratio between the volumes of the two intersecting roads? Choose the closer
value, 11

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 30

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value, 1:1

AND: What is the value of the grenter of these two percentages? Choose the closer value, 20
THEN: [RbtSignal Intn_V]= 1869

IF: Would you like the analysis 10 be based solely on operational performance {capacity,
delay, quene, V/C), or would you also like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer

value. 1:1
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AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 30

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 2:1

AND: What is the value of the greater of these two percentages? Choose the closer value, 10
THEN: [RbtSignai_Intn_V] = 2274

IF; Would you like the analysis to be based solely on operationa) performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 1

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest vaiue. 30

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value, 2:1

AND: What is the value of the greater of these two percentages? Choose the closer value, 20
THEN: [RbtSignal_Inin_V] = 1956

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value, 3:4

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 10

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value, 11

AND: What is the value of the greater of these two percentages? Choose the closer value. 10
THEN: {RbiSignal_Intn_V}= 2797

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 3:4

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 10

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. I:]

AND: What is the value of the greater of these two percentages? Choose the closer value, 20
THEN: [RbtSignal_Intn_V]=2104

IF Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 3:4

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 1)

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value, 2:1

AND:; What is the value of the greater of these two percentages? Choose the closer vaiue. 10
THEN: [RbtSignal_intn_V] = 2540
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IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value, 3:4

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value, 10

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer vajue. 2:1

AND: What is the value of the greater of these two percentages? Choose the closer value, 20
THEN: [RbtSignal_Intn_V] = 2263

1F: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C}), or would you also Hke to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 3:4

AND: What is the average left wening percentage of vehicles at the intersection? Choose the
closest value. 20

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 1:]

AND: What is the value of the greater of these two percentages? Choose the closer value. 10
THEN: [RbtSignal_Intn_V] = 2309

iF: Would you Jike the analysis to be based solely on operationai performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
vilue. 3:4

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value, 20

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Cheose the closer value. 111

AND: What is the value of the greater of these two percentages? Choose the closer value. 20
THEN: [RbtSignal_Intn_V]=2004

iF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Include Emissions

AND: Whatt is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 3:4

AND: What is the average left tuming percentage of vehicles at the intersection? Choose the
closest value, 20

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 2:1

AND: What is the value of the greater of these two percentages? Choose the closer value. 10
THEN: [RbtSignal_Intn_Vi= 2387

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
vaiue. 3:4
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AND: ‘What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 20

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 2:1

AND: ‘What is the value of the greater of these two percentages? Choose the closer value. 20
THEN: [RbtSignai_Intn_V]=2173

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value, 3:4

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 30

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value, 1:1

AND: What is the value of the greater of these two percentages? Choose the closer value. 10
THEN: [RbtSignal_Intn_V]=2131

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value, 3:4

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 30

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 1:1

AND: What is the value of the greater of these two percentages? Choose the closer value, 20
THEN: [RbtSignal_Intn_V]= 1871

IF: Would you like the analysis to be based solely on operational performance {capacity,
delay, queue, V/C), or would you also like to include emissions? Include Enissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 3:4

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 30

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 2:]

AND: What is the value of the greater of these two percentages? Choose the closer value. 10
THEN: [RbtSignal_lntn_V] = 2240

IF: Waould you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Include Emissions

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value, 3:4

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 30

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 2:1

AND: What is the value of the greater of these two percentages? Choose the closer value. 20
THEN: [RbtSignal_Intn_V] = 1952
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IF; Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Operational Performance Only

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value, 1:]

AND: What is the average left turning percentage of vehicles at the imersection? Choose the
closest value. 10

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Chouose the closer value, 111

AND: What is the value of the greater of these two percentages? Choose the closer value. 10
THEN: [RbtSignal_Intn_V]= 2467

IF: Would you like the analysis 1o be based solely on operational performance {capacity,
delay, queue, V/C), or would you also like to include emissions? Operational Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value, 1:1

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest vaiue. 10

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value, I:1

AND: What is the value of the greater of these two percentages? Choose the closer value. 20
THEN: [RbtSignal Intn V)= 2177

1F: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Operational Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 1:1

AND: What is the average left trning percentage of vehicles at the intersection? Choose the
closest vatue. 10

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value, 2:1

AND: What is the value of the greater of these two percentages? Choose the closer value, 10
THEN: [RbtSignal Intn_V]=2540

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, quene, V/C), or would you also like to include emissions? Operational Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value, §:1

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value, 10

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads”?
Choose the closer value. 2:1

AND: What is the value of the greater of these two percentages? Choose the closer value. 20
THEN: [RbtSignal_Intn V] =2313

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Operational Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 1:]
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AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest vafue, 20

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value, 1:1

AND: What is the value of the greater of these two percentages? Choose the closer value. 10
THEN: [RbtSignal _lmin V] = 2367

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also Bke to include emissions? Operational Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. i:1

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 20

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer vajue. 1:1

AND: Whalt is the value of the greater of these two percentages? Choose the closer value. 20
THEN: [RbtSignai_Intn V] =2113

IF; Would you like the analysis to be based solely on operational performance (capacity,
delay, quene, V/C), or would you also like to include emissions? Operational Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 1:1

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value, 20

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value, 2:1

AND: What is the value of the greater of these two percentages? Choose the closer value. 10
THEN: {RbeSignal_Intn V] = 2420

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like 10 include emissions? Operational Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the cioser
value, 1:1

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 20

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value, 2:1

AND: What is the value of the greater of these two percentages? Choose the closer value, 20
THEN: [RbtSignal Inin_V]=2153

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you alse like to include emissions? Operational Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. §:1

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 30

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 1:]

AND: What is the value of the greater of these two percentages? Choose the closer value. 10
THEN: [RbtSignal Inin_V]=2267
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IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Operational Performance Only

AND:; What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. i:1

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value, 30

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 1:1

AND: What is the value of the greater of these two percentages? Choose the closer value. 20
THEN: [RbtSignal_lntn_V] = 2027

IF: Would you like the analysis to be based solely on operational performance {capacity,
delay, queue, V/C), or would you also like to include emissions? Operational Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 1:1

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 30

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 2:1

AND: What is the value of the greater of these two percentages? Choose the closer value. 10
THEN: {RbtSignal_Intn_V] = 2327

IF: Would you like the analysis to be based solely on operational performance {capacity,
delay, queue, V/C), or would you also like to include emissions? Operational Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 111

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value, 30

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 2:1

AND: What is the value of the preater of these twa percentages? Choose the closer vaiue. 20
THEN: [RbtSignal_Intn_V} = 2075

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Operational Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 3:4

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest vaiue. 10

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value, 1:1

AND: What is the value of the greater of these two percentages? Choose the closer value. 10
THEN: [RbtSignal_Intn_V] = 2833

IF: Would you like the analysis to be based solely on operational performance {capacity,
delay, queue, V/C), or would you also like to include emissions? Operational Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 3:4
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AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 10

AND: What is the rario between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 1:1

AND: What is the value of the greater of these two percentages? Choose the closer value, 20
THEN; {RbtSignal_Intn_V]=2210

IF Would you like the analysis to be based solely on operational performance {capacity,
delay, queue, V/C), or would you also like to include emissions? Operational Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 3:4

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 10

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value, 2:1

AND: What is the value of the greater of these two percentages? Choose the closer value. 10
THEN: [RbtSignal _Intn V] =2527

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Operational Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 3:4

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 10

AND: What is the ratio between the heavy vehicle percentages of the lwo intersecting roads?
Choose the closer value, 2:1

AND: What is the value of the greater of these two percentages? Choose the closer value, 20
THEN: [RbtSignal_Intn_V}]=2313

IF: Would you like the analysis to be based soleiy on operational performance (capacity,
delay, quete, V/C), or would you also like to include emissions? Operational Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value, 3:4

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value, 20

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 111

AND: What is the value of the greater of these two percentages? Choose the closer value, 10
THEN: [RbtSignal_Intn V] = 2347

I Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Operational Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 3:4

AND: What is the average Jeft turning percentage of vehicles at the intersection? Choose the
closest value. 20

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 1:1]

AND: What is the value of the greater of these two percentapes? Choose the closer value. 20
THEN: [RbtSignal_Intn_V]=2070



1F: Would you like the analysis to be based solely on operational performance (capacity,
delay, gueve, V/C), or would you also like to include emissions? Operational Performance Only

AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value, 3:4

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value, 20

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value, 2.1

AND: What is the value of the greater of these two percentages? Choose the closer value, 10
THEN: {RbeSignal_lmn_V}= 2410

IF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Operational Performance Only
AND: What is the ratio between the vohumes of the two intersecting roads? Choose the closer
value. 3:4

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 20

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 2:1

AND: What is the value of the greater of these two percentages? Choose the closer value., 20
THEN: [RbtSignal_Intn_V]=2177

iF: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Operationai Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 3:4

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 30

AND: What is the ratio between the heavy vehicie percentages of the two intersecting roads?
Choose the cioser value, I:1

AND: What is the value of the greater of these two percentages? Choose the closer value. 10
THEN: [RbtSignal_lntn_V] = 2203

iF: Would you like the analysis to be based solely on operational performance {capacity,
delay, queue, V/C), or would you also like to include emissions? Operational Performance Oaly
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value, 3:4

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 30

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value, 1.1

AND: What is the value of the greater of these two percentages? Choose the closer value. 20
THEN: [RbtSignal_Intn_V] = 1973

IF: Would you like the analysis to be based solely on operational performance {capacity,
delay, queue, V/C), or would you also like to include emissions? Operational Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 3:4
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AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 30

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 2:1

AND: What is the value of the greater of these two percentages? Choose the closer value. 10
THEN: {RDSignal_Intn_V}=2273

IE: Would you like the analysis to be based solely on operational performance (capacity,
delay, queue, V/C), or would you also like to include emissions? Operational Performance Only
AND: What is the ratio between the volumes of the two intersecting roads? Choose the closer
value. 3:4

AND: What is the average left turning percentage of vehicles at the intersection? Choose the
closest value. 30

AND: What is the ratio between the heavy vehicle percentages of the two intersecting roads?
Choose the closer value. 2:1

AND: What is the value of the greater of these two percentages? Choose the closer value. 20
THEN: [RbtSignal_Intn_V] = 2020

Block: Future Demand

IF: [Design_Year]>={Current_Year]
THEN: [Future_Volume] = [Current_Volume]*(]+([Growth_Rate]/1 00))*{({Design_Year]-
{Current_Year})

Block: Sienal or Roundabout

IF: Is the AWSC intersection currently experiencing operational problems during peak hours
or throughout the day? Yes

AND: Has a study been conducted to determine if the intersection volumes warrant signalization
according to the MUTCD? Yes

AND: Do the volumes af the intersection warrant signalization according to the MUTCD? Do
not answer if a study has not been conducted. Yes

AND: [Future_Volume]>=[RbtSignal_Intn_V]

THEN: [Display_Results. ADDFIRST] A SIGNALIZED INTERSECTION IS

RECOMMENDED. Projected future volumes {design year [{Design_Year, FORMAT #HH),
[[Growth_Rate.VALUE]]% growth rate) indicate that it would provide superior performance to that of a
roundabout, based on the selected MOEs. Furthermore, present volumes already warrant signalization
according to the MUTCD.

Signal recommended: Confidence = 10

Roundabout recommended: Confidence = -10

IF: Is the AWSC intersection currently experiencing operational problems during penk hours
or throughout the day? Yes

AND: Has a study been conducted to determine if the intersection volumes warrant signalization
according to the MUTCD? Yes

AND: Do the volumes at the intersection warrant signalization according to the MUTCD? Do
not answer if a study has not been conducted. Yes

AND: [Future_Volume]<[RbtSignal_Intn_V}

THEN: [Display_Results, ADDFIRST] A ROUNDABOQUT IS RECOMMENDED, While

present velumes warrant signalization according to the MUTCD, projected future volumes (design year
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[[Design_Year. FORMAT ##t#]], [[Growth_Rate. VALUE]|% growth rate) indicate that it would
provide superior performance than a signalized intersection, based on the selected MOEs.

Signal recommended: Confidence = -10

Roundabowt recommended: Confidence = 10

IF: Is the AWSC intersection currently experiencing operational problems during peak hours
or throughout the day? Yes

AND: Has a study been conducted to determine if the intersection volumes warrant signalization
according to the MUTCD? Yes

AND: Do the volumes at the intersection warrant signalization according to the MUTCD? Do
not answer if & study has not been conducted. No

AND: [Future_Volumel>=[RbiSignal_latn_V}

THEN: [Display_Results. ADDFIRST] A SIGNALIZED INTERSECTION IS

RECOMMENDED. Projected future volumes {design year [{Design_Year. FORMAT ##H5E],
[[Growth_Rate. VALUE]1% growth rate) indicate that it would provide better performance than a
roundabout, based on the selected MOEs. However, a study should be done in order to determine if
these future volumes will warrant signalization according to the MUTCD, as present volumes do not,
Signal recommended: Confidence = 10
Roundabout recommended: Confidence =-10

IF: Is the AWSC intersection currently experiencing operational problems during peak hours
or throughout the day? Yes

AND: Has a study been conducted to determine if the intersection volumes warrant signalization
according to the MUTCD? Yes

AND: Do the volumes at the intersection warrant signalization according to the MUTCD? Do
not answer if a study has not been conducted. No

AND: {Future_Volume]<[RbtSignal_Inin_V}

THEN: {Display_Results ADDFIRST] A ROUNDABOUT IS RECOMMENDED. Projected

future volumes (design year [[Design_Year. FORMAT ##5#1], [[Growth _Rate. VALUE]}% growth rate)
indicate that it would provide better performance than a signalized intersection, based on the selected
MOEs. However, a study should be done to determine if these future volumes will warrant signalization
according to the MUTCD, as present volumes do not,

Signal recommended: Confidence = -10

Roundabout recommended: Confidence = 10

IF: Is the AWSC imersection currently experiencing operational problems during peak hours
or throughout the day? Yes

AND: Has a study been conducted to determine if the intersection volumes warrant signalization
according to the MUTCD? No

AND: [Future_Volumel>=[RbtSignal_Intn_V]

THEN: [Display_Results. ADDFIRST] A SIGNALIZED INTERSECTION IS5

RECOMMENDED. Projected future volumes {design year [[Design_Year. FORMAT ##f#]],
[[Growth_Rate. VALUE]]% growth rate) indicate that it would perform better than a roundabout, based
on the selected MOEs. However, it is also recommended that a study be done to determine if these
volumes would warrant signalization according to the MUTCD.

Signal recommended: Confidence = 10

Roundabout recommended: Confidence = -10

IF: Is the AWSC intersection currently experiencing operational problems during peak hours
or throughout the day? Yes
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AND: Has a study been conducted to determine if the intersection volumes warrant signalization
according to the MUTCD? No
AND: [Future_Volume}<{RbiSignal_Inin_V]
THEN: [Display_Results. ADDFIRST] A ROUNDABOUT IS RECOMMENDED. Projected
future volumes {(design year {{Design_Year. FORMAT ####1], [[Growih_Rate. VALUE]}% growth rate)
indicate that it would perform better than a signal, based on the selected MOEs. However, a study
should still be done to determine if these volumes would warrant signalization according to the
MUTCD.

Signal recommended: Confidence = -10

Roundabout recommended: Confidence = 10

IF: Is the AWSC intersection currently experiencing operational problems during peak hours
or throughout the day? No

AND: Has a study been conducted to determine if the intersection volumes warrant signalization
according to the MUTCD? Yes

AND: Do the volumes at the intersection warrant signalization according to the MUTCD? Do
not answer if a study has not been conducted. Yes

AND: [Future_Volume>={RbtSignal_Intn_V]

THEN: [Display_Results. ADDFIRST} A SIGNALIZED INTERSECTION IS

RECOMMENDED. Projected future volumes (design year [[Design_Year. FORMAT #ir#t]},
[[Growth_Rate. VALUE]}% growth rate) indicate that it would provide superior performance to that of a
roundabout, based on the selected MOEs. Furthermore, present volumes already warrant signalization
according to the MUTCD.

Signal recommended: Confidence = 10

Roundabout recommended: Confidence = -10

IF: Is the AWSC intersection currently experiencing operational problems during peak hours
or throughout the day? No

AND: Has a study been conducted to determine if the intersection volumes warrant signalization
according to the MUTCD? Yes

AND: Do the volumes at the intersection warrant signalization according to the MUTCD? Do
not answer if a study has not been conducted. Yes

AND: [Future_Volume]<[RbiSignal_Intn_V]

THEN: [Display_Results. ADDFIRST] A ROUNDABOUT IS RECOMMENDED. While

present volumes warrant signalization according to the MUTCD, projected future volumes (design year
[[Design_Year FORMAT ####1], ([Growth_Rate. VALUE% growth rate) indicate that a roundabout
would provide superior performance than a signalized intersection, based on the selected MOE:s.

Signal recommended: Confidence = -10

Roundabout recommended: Confidence = 10

IF: 1s the AWSC intersection currently experiencing operational problems during peak hours
or throughout the day? No

AND: Has a study been conducted 1o determine if the intersection volumes warrant signalization
according to the MUTCD? Yes

AND: Do the volumes at the intersection warrant signalization according to the MUTCD? Do
not answer if a study has not been conducted. No

AND: [Futire_Volumel>={RbtSignal_Intn_V]

THEN: [Display_Resuits ADDFIRST} A SIGNALIZED INTERSECTION IS

RECOMMENDED based on projected future volumes (design year {[Design_Year FORMAT 1],
[[Growth_Rate.VALUE]}% growth rate), which indicate that it would provide beiter performance than a
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roundabout, according to the selected MOEs. However, a study must be done to determine if these
volumes will warrant signalization according to the MUTCD, since current volumes do not.

Signal recommended: Confidence = 10

Roundabout recommended: Confidence = -10

IF: Is the AWSC intersection currently experiencing operational problems during peak hours
or throughout the day? No

AND: Has a study been conducted to determine if the intersection volumes warrant signalization
according to the MUTCD? Yes

AND: Do the volumes at the intersection warrant signalization according to the MUTCD? Do
not answer if a study has not been conducted. No

AND: [Future_Volumej<{RbtSignal_Inin_V]

THEN: [Display_Results. ADDFIRST] A ROUNDABOUT IS RECOMMENDED. Projected

futare volumes (design year [[Design_Year FORMAT ###]], [[Growth_Rate.VALUE]]% growth rate)
indicate that it would provide better performance than a signalized intersection, according to the
selected MOEs. Furthermore, present volumes do not warrant signalization according to the MUTCD;
however, a study shouid also be done to determine whether or not these future volumes would.

Signal recommended: Confidence = -10

Roundabouwt recommended: Confidence = 10

IF: Is the AWSC intersection currently experiencing operational problems during peak hours
or throughout the day? No

AND: Has a study been conducted to determine if the intersection volumes warrant signalization
according to the MUTCD? No

AND: {Future_Volume]>=[RbtSignal_Intn_V}

THEN: [Display_Results. ADDFIRST] A SIGNALIZED INTERSECTION IS

RECOMMENDED, as projected future volumes {design year [[Design_Year. FORMAT #HiEH]],
[[Growth_Rate. VALUE]]% growth rate) indicate that it would perform better than a roundabout, based
on the selected MOEs, However, a study should be done to determine if these volumes would warrant
signalization according to the MUTCD.

Signal recommended: Confidence = 10

Roundabout recommended: Confidence = -10

iF Is the AWSC intersection currently experiencing operational problems during peak hours
or throughout the day? No

AND: Has a study been conducted to determine if the intersection volumes warrant signalization
according to the MUTCD? No

AND: [Future_Volumel<[RbtSignal_Intn_V]

THEN: [Display_Results. ADDFIRST] A ROUNDABOUT IS RECOMMENDED, as projected

future volumes (design year [[Design_Year. FORMAT #####1], [[Growth_Rate. VALUE])% growih rate)
indicate that it would perform better than a signal, based on the selected MOEs. Nevertheless, a study
should still be done 1o determine whether or not these volumes would warrant signalization aceording to
the MUTCD.

Stgnal recommended: Confidence =-10

Roundabout recommended: Confidence = 10

Block: Roundabout Highly Recommended

IF: [Rit_rec]=[Signal_rec]
AND: Is there a history of frequent and/or severe accidents at the intersection? Yes
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AND: Is there a history of left-turn head-on and/or right-angle collisions at the intersection? Yes

AND: Have accidents been caused as a result of drivers failing to properly obey the stop
control? Yes
THEN: [Display_Results. ADDFIRST] A ROUNDABOUT IS HIGHLY RECOMMENDED for

this intersection. There is a history of frequent and/or severe accidents at this intersection, and in
particular, a history of left-turn head-on and/or right-angle collisions, which are typically the most
severe of collision types. Accidents at this intersection have also been caused by drivers failing to
properly obey the stop control. Roundabouts help improve safey in several ways. The severity of a
collision is largely determined by the speeds of the vehicles involved and by the angle of impact. By
deflecling approaching vehicles, a roundabout effectively slows vehicles to speeds safe for negotiating
the circulatory roadway. Since all movements at a roundabout are converted to right turns, collisions
that do occur are typically only small-angle. The number of accidents also correlates to the number of
conflict points at an intersection; compared to conventional intersections, roundabouts reduce the
nuntber of vehicle-vehicle conflict points up to 75%. Additionally, drivers entering a roundabout must
interact with only one conflicting flow of traffic, further reducing the opportunities for crashes to occur.
Roundabout highly recommended: Confidence = 10

I {Rbt_rec]>{Signal_rec]

AND: Is there a history of frequent and/or severe accidents at the intersection? Yes

AND: Is there & history of left-turn head-on and/or right-angle collisions at the intersection? Yes
AND: Have accidents been caused as a result of drivers failing to properly obey the stop
control? No

THEN: [Display_Resuits ADDFIRST] A ROUNDABOUT IS HIGHLY RECOMMENDED for

this intersection. There is a history of frequent and/or severe accidents at this intersection, and in
particular, a history of left-turn head-on and/or right-angle collisions, which are typically the most
severe of collision types. Roundabouts help improve safey in several ways. The severity of a collision
is largely determined by the speeds of the vehicles involved and by the angle of impact. By deflecting
approaching vehicles, a roundabout effectively slows vehicles to speeds safe for negotiating the
circulatory roadway. Since all movements at a roundabout are converted to right tarns, collisions that
do occur are typically only small-angle. The number of accidents also correlates to the number of
corflict points at an intersection; compared to conventional intersections, roundabouts reduce the
number of vehicle-vehicle conflict points up to 75%. Additionaily, drivers entering a roundabout must
interact with only one conflicting flow of traffic, further reducing the opportunities for crashes to oceur.
Roundabout highly recommended: Confidence = 5

iF: [Rbt_rec)>[Signal_ rec]

AND: Is there a history of frequent and/or severe accidents at the intersection? Yes

AND: Is there a history of left-turn head-on and/or right-angle collisions at the intersection? No
AND: Have accidents been caused as a resuit of drivers failing to properly obey the stop
control? Yes

THEN: [Display_Results, ADDFIRST] A ROUNDABOUT IS HIGHLY RECOMMENDED for

this intersection, as there is a history of frequent and/or severe accidents at this intersection.
Furthermore, accidents at this intersection have been caused by drivers failing to properly obey the stop
control. Roundabouts help improve safey in several ways. The severity of a collision is largely
determined by the speeds of the vehicles involved and by the angle of impact. By deflecting
approaching vehicles, a roundabout effectively slows vehicles to speeds safe for negotiating the
circulatory roadway. Since all movements at a roundabout are converied to right turns, collisions that
do occur are typically only smail-angle. The number of accidents also correlates to the number of
conflict points at an intersection; compared 1o conventional intersections, roundabouts reduce the
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number of vehicle-vehicle conflict points up to 75%. Additionally, drivers entering a roundabout must
interact with only one conflicting flow of traffic, further reducing the opportunities for crashes to occur.
Roundabout highly recommended: Confidence = H)

IF [Rbt_recl>[Signal_rec]

AND: Is there a history of frequent and/or severe accidents at the intersection? Yes

AND: Is there a history of left-turn head-on and/or right-angle coilisions at the intersection? No
AND: Have accidents been caused as a result of drivers failing to properiy obey the stop
control? No

THEN: [Display_Results. ADDFIRST] A ROUNDABOUT IS HIGHLY RECOMMENDED for

this intersection, as there is a history of frequent and/or severe accidents at this intersection,
Roundabouts help improve safey in several ways. The severity of a collision is largely determined by
the speeds of the vehicles involved and by the angle of impact, By deflecting approaching vehicles, a
roundabout effectively slows vehicles to speeds safe for negotiating the circulatory roadway. Since all
moevements at a roundabout are converted to right turas, collisions that do occur are typically only smali-
angle. The number of accidents also correfates to the number of conflict points at an intersection;
compared to conventional intersections, roundabouts reduce the number of vehicle-vehicle conflict
points up to 75%. Additionally, drivers entering a roundabout must interact with only one conflicting
fow of traffic, further reducing the opportunities for crashes to occur,

Roundabout highly recommended: Confidence =5

IF: [Rbt_rec]>{Signal_rec}

AND: Is there a history of frequent and/or severe accidents at the intersection? No

THEN: {Display_Results. ADD] There is no history of accidents at this intersection,

IF: {Rbt_rec]<[Signal_rec}

AND: Is there a history of frequent andfor severe accidents at the intersection? Yes

AND: Is there a history of lefi-turn head-on and/for right-angle collisions at the intersection? Yes
AND: Have accidents been caused as a result of drivers failing to properly obey the stop
control? Yes

THEN: [Display_Results, ADD] There is a history of frequent and/or severe accidents al this

intersection, and in particular, a history of left-turn head-on and/or right-angle collisions, which are
typically the most severe of collision types. Accidents at this intersection have also been caused by
drivers failing to properly obey the stop control. While projected future demand volumes indicate that a
signalized intersection may perform better than a roundabout according to the selected MOEs, consider
how roundabouts help in improving safey: The severity of a collision is largely determined by the
speeds of the vehicles involved and by the angle of impact. By deflecting approaching vehicles, a
roundabout effectively slows vehicles to speeds safe for negotiating the circulatory roadway, Since all
movements at a roundabout are converted to right turns, collisions that do occur are typically only small-
angle. The number of accidents also correlates to the number of conflict points at an intersection;
compared to conventional intersections, roundabouts reduce the number of vehicle-vehicle conflict
points up to 75%. Additionally, drivers entering a roundabout must interact with only one conflicting
flow of traffic, further reducing the opportunities for crashes to occur.

iF: [Rbt_reci<[Signal_rec]

AND: Is there a history of frequent and/or severe accidents at the intersection? Yes

AND: Is there a history of left-turn head-on and/or right-angle collisions at the intersection? Yes
AND: Have accidents been caused as a result of drivers failing to properly obey the stop

control? No
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THEN: [Display_Results. ADD] There is a history of frequent and/or severe accidents at this
intersection, and in particular, a history of left-turn head-on and/or right-angle collisions, which are
typicaily the most severe of colliston types. While projected future demand volumes indicate that
signalized intersection may perform better than a roundabout, consider how roundabouts help in
improving safey: The severity of a collision is largely determined by the speeds of the vehicies involved
and by the angle of impact. By deflecting approaching vehicles, a roundabout effectively slows vehicles
to speeds safe for negotiating the circulatory roadway. Since all movements at a roundabout are
converted to right turns, collisions that do oceur are typically only small-angle. The number of
accidents also correlates to the number of conflict points at an intersection; compared to conventional
intersections, roundabouts reduce the number of vehicle-vehicle conflict points up to 75%.

Additionally, drivers entering a roundabout must interact with only one conflicting flow of traffic,
further reducing the opportunities for crashes to occur,

IF: [Rbt_recl<[Signal_rec]

AND: 1s there a history of frequent and/or severe accidents at the intersection? Yes

AND: Is there a history of left-turn head-on and/or right-angle collisions at the intersection? No
AND: Have accidents been caused as a result of drivers failing to properly obey the stop
control? Yes

THEN: {Display_Results, ADD] There is a history of frequent and/or severe accidents at this

intersection, some of which have been caused by drivers failing to properly obey the stop control.

While projected future demand volumes indicate that a signalized intersection may perform better than a
roundabout, consider how roundabouts hkelp in improving safety: The severity of a collision is largely
determined by the speeds of the vehicles involved and by the angle of impact. By deflecting
approaching vehicles, a roundabout effectively slows vehicles to speeds safe for negotiating the
circulatory roadway. Since all movements at a roundabout are converted to right turns, collisions that
do occur are typically only small-angle. The number of accidents also correlates to the number of
conflict points at an intersection; compared to conventionai intersections, roundabouts reduce the
number of vehicle-vehicle conflict points up t0 75%. Additionally, drivers entering a roundabout must
interact with only one conflicting flow of traffic, further reducing the opportunities for crashes to occur.

IF: [Rbt_rec]<[Signal_rec]

AND: Is there o history of frequent andfor severe accidents at the intersection? Yes

AND: Is there a history of left-turn head-on and/or right-angle collisions at the intersection? No
AND: Have accidents been caused as a result of drivers failing to properly obey the stop
control? No

THEN: [Display_Results. ADD] There is.a history of frequent and/or severe accidents at this

intersection, While projected future demand volumes indicate that a signalized intersection may
perform better than a roundabout, consider how roundabouts help in improving safety: The severity of a
collision is largely determined by the speeds of the vehicles involved and by the angle of impact. By
deflecting approaching vehicles, a roundabout effectively slows vehicles to speeds safe for negotiating
the circulatory roadway. Since all movements at a roundabout are converted to right turns, collisions
that do occur are typically only small-angle. The number of accidents also correlates to the number of
conflict points at an intersection; compared io conventional intersections, roundabouts reduce the
number of vehicle-vehicle conflict points up to 75%. Additionally, drivers entering & roundabout must
interact with only one conflicting flow of waffic, further reducing the opportunities for crashes to oceur.

IF: [Rbt_rec]<[Signal_rec]
AND: Is there a history of frequent and/or severe accidents at the intersection? No
THEN: [Display_Results, ADD] There is no history of accidents at this intersection.
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Block: No Current Problems

IF Is the AWSC intersection currently experiencing operational problems during peak hours
or throughout the day? No

AND: {Rbt_rec}=i0

THEN: [Display_Results, ADD] Whille the intersection is not currently experiencing operational

problems, this analysis assumes that demand volumes increase in future years, at which point a
roundabout would likely perform better than either all-way stop-control or a signal.

IF: Is the AWSC intersection currently experiencing operational problems during peak hours
or throughout the day? No

AND: {Signal_recl=10

THEN: [Display_Results. ADD] While the intersection is rot currently experiencing operational

problems, this analysis assumes that demand volumes increase in future years, at which point a signal
would likety perform better than either all-way stop-control or a roundabout.

IF: Is the AWSC intersection currently experiencing operational preblems during peak hours
or throughout the day? No

AND: [Rbt_highj>0

THEN: [Display_Results. ADD] The intersection is not currently experiencing operational

preblems. However, concerns for safety may be enough to justify consideration for conversion to a
different form of intersection control. This analysis also assumes that demand volumes increase in
future years, at which point a roundabout would likely perform better than either ail-way stop-control or
a signal.

Block: Costs

1F: [Rbt_reci>[Signal_rec}

THEN: [Display_Results. ADD] Costs associated with roundabouts include those for engineering
and design, land acquisition, construction, operating, and maintenance. A roundabout eliminates the
high instailation and maintenance costs of signals; however, construction costs for a roundabout could
cost more than those for a signal, depending on the amount of new pavement area needed. Costs and
benefits for the roundabout should be considered while keeping in mind that its average service life (25
years) is over twice as long as that for a signal (10 years), The FHWA Roundabout Guide, Section 3.7,
discusses estimating benefits and costs for an economic evaluation.

IF: [Signal_rec]>[Rbt_rec]

THEN: [Display_Resuits. ADD] Costs associated with signals include those for installation and
periodic maintenance as well as signal timing updates. Roundabout eliminate the high installation and
maintenance costs of signals, and have over twice as long a service life as signals (23 vs. 10 years).
However, installing a roundabout can become more costly depending on the amount of new pavement
area needed. If a signal can be installed without significant modifications to pavement area of curbs, a
roundabout is likely to cost more than a signal.
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