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pproximately one-hall of the accidents

on the U.S. highway system occur at

intersections, where drivers are con-

fronted with through, right-turn,

and left-turn maneuvers and capacity is restricted.

Attempts to improve the safety of motorists at these

points began in the 1930s and 1940s with the con-

struction of traffic circles in several states. As a

result of design and alignment of right-of-way

defects and nonuniform signing, however, the cir-

cles did little to promote safety. Moreover, they
tended to constrict traffic flow.

The roundabout, a variation of the traffic circle,
may provide a solution to these problems in some
instances. In Western Europe, where this type of
intersection is commonly found, changes in round-
about design, along with changes in traffic regula-
tions, have noticeably increased road safety and
capacity. Now many highway engineers in the
United States have become advocates for round-
abouts as a means to reduce accidents and improve
traffic flow.

ROUNDABOUT CHARACTERISTICS

Roundabouts are distinguished from traffic circles
by their operational and design characteristics. The
key operational feature is that traffic must yield at
entry to traffic already within the circle. Deflection
of a vehicle’s path at entry and exit is an important
design feature. Other salient design characteristics
are entry angles of between 20 and 60 degrees;
crosswalks upstream of the yield line; the absence
of parking in the roundabout; and splitter islands,
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which reduce speed, deter left turns, and provide
refuge to pedestrians, at all approaches (Figure 1).
To qualify as roundabouts, circular intersections
must also meet certain lighting, signing, and sight
distance requirements.

WHERE DO ROUNDABOUTS
MAKE SENSE?

Roundabouts can be beneficial in certain condi-
tions and locations. They may provide a greater
measure of safety at sites with high rates of right-
angle, head-on, left/through, and U-turn accidents.
In addition, they may be considered for sites with
visibility problems because they have tight entry
radii, which are conducive to speed reduction.

In general, these structures may be desirable at
locations where all-way stop control currently
exists; at signalized locations with low or medium
traffic volumes; and at entries into urban and sub-
urban areas, where they can create a gateway effect
through traffic calming. Roundabouts may also be
desirable in rural and suburban areas where they
do not affect the progression of network-controlled
signalization or signalization at adjacent intersec-
tions and at unsignalized and signalized diamond
interchanges. The structures may not be effective
when the flow of Beavy vehicles is great or long
delays on one approach exist.

SAFETY VERSUS RoAD CAPACITY

As noted above, roundabouts can improve road
safety and increase capacity, but one benefit can
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FIGURE | Typical design of single-lane roundabout.

come at the expense of the other. Increasing the
inscribed diameter of roundabouts, which can
range from 15 meters (49 feet) to more than 100
meters (328 feet), will not substantially increase
road capacity. That benefit can be realized by
adding entry lanes or increasing the width of such
lanes. However, both actions increase the potential
for traffic conflicts. Widening entry lanes is partic-
ularly detrimental to the safety of cyclists.
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FIGURE 2 Estimated number of accidents at X-intersections and
roundabouts for specific average daily traffic.

NoOTE: It is assumed that 90 percent of the average daily traffic entering the
structures is through traffic, 5 percent is left-turn traffic, and 5 percent is
right-turn traffic.

SAFETY ANALYSIS

Research in Europe during the past 5 years has
shown that accident rates can be decreased by
replacing conventional intersections with round-
abouts. The Netherlands achieved a 95 percent
reduction in injuries to vehicle occupants at loca-
tions where roundabouts were installed (1). On
inter-urban highways in France, the average
number of accidents resulting in injuries was 4 per
100 million vehicles entering roundabouts, com-
pared with 12 per 100 million vehicles entering
intersections with stop or yield signs. The safety
of roundabouts, installed mostly in France’s urban
and suburban areas, including residential areas,
was generally superior to that of signalized inter-
sections (2). (Researchers noted that large round-
abouts with wide entries and heavy bicycle traffic
appeared to be less safe than other roundabouts.)
In Germany the number of accidents was 1.24 per
1 million vehicles entering small roundabouts,
compared with 3.35 for signalized intersections,
and 6.58 for old traffic circles (3). In Norway an
extensive accident analysis also revealed that
roundabouts are safer than signalized intersections.
The number of accidents resulting in injuries was
3 per 100 million vehicles entering three-arm
roundabouts and 5 per 100 million vehicles enter-
ing three-arm (“T") signalized intersections; it was
5 for four-arm roundabouts and 10 for four-arm
(“X” or “cross”) signalized intersections (4).

In the United States, a recent study confirms
the safety benefits of roundabouts. An investiga-
tion of six sites in Florida, Maryland, and Nevada
revealed that the conversion of T and X intersec-
tions (stop controlled and signalized) to round-
abouts decreased accident frequency (5). According
to the study, which was sponsored by the Federal

_Highway Administration, the reduction was statis-

tically significant.

Given that roundabouts have only recently
begun to appear in the United States, highway
agencies have had little opportunity to gather
empirical data on the safety benefits of the struc-
tures. Fortunately, similarities between accident-
prediction models developed in the United
Kingdom for roundabouts and those developed in
the United States for cross intersections allow
agencies to compare in theory the safety of both
types of intersections. Both the U.K. and the U.S.
models yield estimates of accidents resulting in
nonproperty damage (6, 7). In addition, both mod-
els use state-of-the-art regression analysis (Poisson
and negative binomial) and samples of sufficiently
large size to relate accidents to particular highway
characteristics. On the basis of these similarities,



one could draw the conclusion that roundabouts
in the United States have the potential to increase
safety when compared with convential intersec-
tions, just as they are projected to do in the United
Kingdom.

One note of caution should be sounded: the
safety record of roundabouts for one group of road
users is mixed. Pedestrians using roundabouts have
long been considered at least as safe as those using
conventional intersections because the prevailing
speed on these structures is slower, and splitter
islands provide refuge from automobile traffic.
However, many countries have documented
increases in accidents involving bicyclists after
roundabouts were installed. On the other hand, the
Netherlands reported a decrease of 1.3 to 0.37
injuries per year to bicyclists at 181 conventional
intersections converted to mini-roundabouts (8).

TRAFFIC-DELAY ANALYSIS

In the United States, roundaboutis are expected to
improve traffic flow. According to the Florida
Roundabout Guide, traffic delay on single-lane
roundabouts with four approaches is lower than
that on any other type of intersection as long as the
number of entering vehicles does not exceed
approximately 2,100 per hour. The reduction in
delay ranges from O to 10 seconds per vehicle,
depending on the volume of traffic entering the
roundabout and the type of intersection traffic con-
trol. Approximately 4,000 vehicles per hour can
enter two-lane roundabouts with four approaches.
Traffic delay on these structures is noticeably lower
(10 to 13 seconds per vehicle) than that on con-
ventional intersections with signalization (9).

RESEARCH EFFORTS

Although further research will be needed to quan-
tify the magnitude of the safety and capacity ben-
efits of roundabouts after more are constructed in
the United States, several investigations are cur-
rently being conducted. Through an ongoing
research agreement with the Federal Highway
Administration, Pennsylvania State University will
develop traffic capacity and delay models for
roundabouts with single-lane approaches. The
university will also compare the safety of these
structures with that of conventional intersections.
In addition, FHWA has initiated research to
develop a roundabout microsimulation model to
be incorporated into its CORSIM (corridor simu-
lation) software for analyzing traffic flow. The
agency is also set to develop a design guide for
roundabouts. Finally, the Transportation Research

Board’s National Cooperative Highway Research
Program is documenting the state of the practice
with respect to U.S. roundabouts.
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Top: Pavement marking of
roundabout in
Washington, D.C., is not
well defined.

Below: Well designed
roundabout in France has
adequate deflection and
well marked central
island.
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JOINT UNIVERSITY PROGRAM
WinNs FAA AwWARD

The Federal Aviation Administration selected the
Joint University Program (JUP) for Air Trans-
portation to receive the agency’s first Excellence in
Aviation award. The new award recognizes the pro-
gram, operated by a consortium of the Massa-
chusetts Institute of Technology, Ohio University,
and Princeton University, for 26 years of important
aviation research and development efforts that have
helped make the aviation industry more efficient
and productive. JUP members receive research
grants from funds contributed equally by the
Federal Aviation Administration and the National
Aeronautics and Space Administration (NASA).
Each university’s proposals are reviewed by the
FAA and NASA. Research results are scrutinized by
government and industry researchers in quarterly
review conferences.

Through the Excellence in Aviation award, the
FAA formally recognizes superior aviation-related
research efforts and highlights their benefits. The
competitive, nonmonetary award is presented
annually to individuals or institutions whose past
research benefits the aviation community today.
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that are affecting the industry’s performance. If the
industry is to grow and prosper, greater considera-
tion should be given to common sense business
paradigms. Accordingly, the leadership should

e Focus on identifying transit’s true market
niche, not on persuading the general public to shift
to transit because it is less costly or will benefit the
environment.

 Concentrate on increasing ridership by build-
ing customer loyalty through value-added service
improvements.

¢ Avoid searching for problems that might be
addressed by advanced technology; instead iden-
tify transit performance problems and investigate
the potential of technology for their solution.

* Work with government to remove bureau-
cratic barriers and simplify the game rules to allow
more flexible use of total tax dollars to provide
effective service.

¢ Emphasize those efforts that work and aban-
don those that do not.

* Lead the culture change of transit organiza-
tions by redefining the role of management and
focusing on helping employees and customers to
participate more fully in improving transit per-
formance.
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