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Roundabouts Operation & Safety Final Exam
1.	This chapter presents methods for analyzing
the operation of an existing or planned
roundabout.
		a.
True
		b. False

6.	Considering Bicycle conflicts, bicycles face
different conflicts from motor vehicles at both
signalized intersections and roundabouts.
		a.
True
		b. False

2.	As per Exhibit 4-1, the conversion factor for a
motorcycle is:
		a. 4.0
		b. 1.5
		c.
12
		d. 0.5

7.	As per Exhibit 5-10, mean crash reductions in
Germany for “All Crashes” were:
		a. 10%.
		b. 12%.
		c.
74%.
		d. 36%.

3.	Regarding Performance Analysis, three
performance measures are typically used
to estimate the performance of a given
roundabout design:
		a.
True
		b. False

8.	Considering Pedestrians, the safety benefits
of roundabouts have been found to generally
carry over to pedestrians as well, as shown in
British statistics of Exhibit 5-15.
		a.
True
		b. False

4.	Regarding Capacity, the maximum flow rate
that can be accommodated at a roundabout
entry depends on ______ factors:
		a. one.
		b. two.
		c.
three.
		d. four.

9.	Regarding Bicyclists, at British roundabouts
bicyclists fare better in terms of crashes at
roundabouts than at signalized intersections.
		a.
True
		b. False

5.	As per Exhibit 4-5, with 4 vehicle spaces in the
short lane, the capacity reduction factor to be
used should be:
		a. 0.871.
		b. 1.113.
		c.
0.175.
		d. 0.500.
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10.	As per Exhibit 5-18, in 1998 there were
______ personal injuries in the study towns at
signalized crossroads:
		 a. 794.
		b. 16.
		c.
174.
		d. 1,125.
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Operation
This chapter presents methods for analyzing the
operation of an existing or planned roundabout.
The methods allow a transportation analyst to assess
the operational performance of a facility, given
information about the usage of the facility and its
geometric design elements. An operational analysis
produces two kinds of estimates: (1) the capacity of a
facility, i.e., the ability of the facility to accommodate
various streams of users, and (2) the level of
performance, often measured in terms of one or more
measures of effectiveness, such as delay and queues.
The Highway Capacity Manual (1) (HCM) defines the
capacity of a facility as “ the maximum hourly rate at
which persons or vehicles can reasonably be expected
to traverse a point or uniform section of a lane or
roadway during a given time period under prevailing
roadway, traffic, and control conditions.” While
capacity is a specific measure that can be defined and
estimated, level of service (LOS) is a qualitative measure
that “characterizes operational conditions within a
traffic stream and their perception by motorists and
passengers.” To quantify level of service, the HCM
defines specific measures of effectiveness for each
highway facility type. Control delay is the measure
of effectiveness that is used to define level of service
at intersections, as perceived by users. In addition
to control delay, all intersections cause some drivers
to also incur geometric delays when making turns. A
systems analysis of a roadway network may include
geometric delay because of the slower vehicle paths
required for turning through intersections. An example
speed profile is shown in Chapter 6 to demonstrate the
speed reduction that results from geometric delay at a
roundabout.
While an operational analysis can be used to evaluate
the performance of an existing roundabout during a
base or future year, its more common function in the
U.S. may be to evaluate new roundabout designs.
This chapter:
• Describes traffic operations at roundabouts;
• Lists the data required to evaluate the performance of
a roundabout;
• Presents a method to estimate the capacity of five of
the six basic roundabout configurations presented in
this guide;
• Describes the measures of effectiveness used to
determine the performance of a roundabout and a
method to estimate these measures; and
• Briefly describes the computer software packages
available to implement the capacity and performance
analysis procedures.
Appendix A provides background information on the
various capacity relationships.
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4.1 Traffic Operation at Roundabouts
4.1.1 Driver behavior and geometric elements
A roundabout brings together conflicting traffic
streams, allows the streams to safely merge and traverse
the roundabout, and exit the streams to their desired
directions. The geometric elements of the roundabout
provide guidance to drivers approaching, entering, and
traveling through a roundabout.
Drivers approaching a roundabout must slow to a
speed that will allow them to safely interact with
other users of the roundabout, and to negotiate the
roundabout. The width of the approach roadway,
the curvature of the roadway, and the volume of
traffic present on the approach govern this speed. As
drivers approach the yield line, they must check for
conflicting vehicles already on the circulating roadway
and determine when it is safe and prudent to enter
the circulating stream. The widths of the approach
roadway and entry determine the number of vehicle
streams that may form side by side at the yield line
and govern the rate at which vehicles may enter the
circulating roadway. The size of the inscribed circle
affects the radius of the driver’s path, which in turn
determines the speed at which drivers travel on the
roundabout. The width of the circulatory roadway
determines the number of vehicles that may travel side
by side on the roundabout.
The British (2), French (3), and German (4) analytical
procedures are based on empirical relationships that
directly relate capacity to both traffic characteristics
and roundabout geometry. The British empirical
relationships reveal that small sublane changes in the
geometric parameters produce significant changes in
capacity.
For instance, if some approaches are flared or have
additional short lanes, these provide considerably more
capacity for two reasons. First, wider entries require
wider circulatory roadway widths. This provides for
more opportunities for the circulatory traffic to bunch
together, thus increasing the number of acceptable
opportunities to enter, thereby increasing capacity.
Second, the typical size of groups of drivers entering
into acceptable opportunities in the circulatory traffic
is quite small, so short lanes can be very effective
in increasing group sizes, because the short lane is
frequently able to be filled.
The British (2) use the inscribed circle diameter, the
entry width, the approach (road) half width, the entry
radius, and the sharpness of the flare to define the
performance of a roundabout. The sharpness of the
flare, S, is a measure of the rate at which the extra
width is developed in the entry flare. Large values of S
FEDERAL HIGHWAY ADMINISTRATION

correspond to short, severe flares, and small values of S
correspond to long, gradual flares (5).
The results of the extensive empirical British research
indicate that approach half width, entry width, average
effective flare length and entry angle have the most
significant effect on entry capacity. Roundabouts fit
into two general classes: those with a small inscribed
circle diameter of less than 50 m (165 ft.) and those
with a diameter above 50 m. The British relationships
provide a means of including both of these roundabout
types. The inscribed circle diameter has a relatively
small effect for inscribed diameters of 50 m (165 ft)
or less. The entry radius has little effect on capacity
provided that it is 20 m (65 ft) or more. The use of
perpendicular entries (70 degrees or more) and small
entry radii (less than 15 m [50 ft]) will reduce capacity.
The presence of the geometric parameters in the British
and French models allow designers to manipulate
elements of their design to determine both their
operational and safety effects. German research has
not been able to find the same influence of geometry,
although this may be due to the relatively narrow
range of geometries in Germany (4).
Thus, the geometric elements of a roundabout,
together with the volume of traffic desiring to use
a roundabout at a given time, may determine the
efficiency with which a roundabout operates.

Vehicle Type

Passenger Car
Equivalent (pce)

Car

1.0

Single-unit truck or bus

1.5

Truck with trailer

2.0

Bicycle or motorcycle

0.5

Source: (6), (7)
Exhibit 4-1. Conversion factors for passenger car
equivalents (pce).
intersections and for signalized intersections. In each
case, the capacity of the entry or approach is computed
as a function of traffic on the other (conflicting)
approaches, the interaction of these traffic streams, and
the intersection geometry.
For a properly designed roundabout, the yield line is
the relevant point for capacity analysis. The approach
capacity is the capacity provided at the yield line. This
is determined by a number of geometric parameters in
addition to the entry width. On multilane roundabouts
it is important to balance the use of each lane, because
otherwise some lanes may be overloaded while others
are underused. Poorly designed exits may influence
driver behavior and cause lane imbalance and
congestion at the opposite leg.

4.1.2 Concept of roundabout capacity
The capacity of each entry to a roundabout is the
maximum rate at which vehicles can reasonably be
expected to enter the roundabout from an approach
during a given time period under prevailing traffic
and roadway (geometric) conditions. An operational
analysis considers a precise set of geometric conditions
and traffic flow rates defined for a 15-minute analysis
period for each roundabout entry. While consideration
of Average Annual Daily Traffic volumes (AADT)
across all approaches is useful for planning purposes
as provided in Exhibit 1-13 and Chapter 3, analysis of
this shorter time period is critical to assessing the level
of performance of the roundabout and its individual
components.
The capacity of the entire roundabout is not
considered, as it depends on many terms. However,
Exhibit 1-13 provides threshold average daily traffic
volumes for the various categories of roundabouts,
assuming four legs. Below these thresholds, a fourlegged roundabout with roadways intersecting
perpendicularly should have adequate capacity
(provided the traffic volumes are reasonably balanced
and the geometry does not deviate substantially from
those shown on the design templates in Exhibits
1-7 through 1-12). The focus in this chapter on
the roundabout entry is similar to the operational
analysis methods used for other forms of unsignalized
FEDERAL HIGHWAY ADMINISTRATION

4.2 Data Requirements
The analysis method described in this chapter
requires the specification of traffic volumes for each
approach to the roundabout, including the flow rate
for each directional movement. Volumes are typically
expressed in passenger car vehicles per hour (vph), for
a specified 15-minute analysis period. To convert other
vehicle types to passenger car equivalents (pce), use the
conversion factors given in Exhibit 4-1.
Traffic volume data for an urban roundabout should
be collected for each directional movement for at
least the morning and evening peak periods, since
the various movements, and thus approach and
circulating volumes, may peak at different times.
At rural roundabouts, the analyst should check the
requirements of the agency with the jurisdiction
of the site. The reader is referred to the Manual of
Transportation Engineering Studies (8) for a complete
discussion of traffic volume data collection methods.
Typically, intersection volume counts are made at
the intersection stop bar, with an observer noting the
number of cars that pass that point over a specified
time period. However, particularly with respect to
cases in which demand exceeds capacity (when queues
do not dissipate within the analysis period), it is
important to note that the stop bar counts reflect only
the volume that is served, not the demand volume. In
Roundabouts: An Informational Guide: Operation |

39

N O RT H

S B,RT
S B,T H
S B,L T
S B, U

this case, care must be taken to collect data upstream
of the end of a queue so that true demand volumes are
available for analysis.
The relationship between the standard origin-todestination turning movements at an intersection
and the circulating and entry flows at a roundabout
is important, yet is often complicated to compute,
particularly if an intersection has more than four
approaches. For conventional intersctions, traffic
flow data are accumulated by directional turning
movement, such as for the northbound left turn.
For roundabouts, however, the data of interest for
each approach are the entry flow and the circulating
flow. Entry flow is simply the sum of the through,
left, and right turn movements on an approach.
Circulating flow is the sum of the vehicles from
different movements passing in front of the adjacent
uptstream splitter island. At existing roundabouts,
these flows can simply be measured in the field. Right
turns are included in approach volumes and require
capacity, but are not included in the circulating
volumes downstream because they exit before the next
entrance.
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RC
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N B,T H
N B,RT

NB

Exhibit 4-2. Traffic flow parameters.

locations in the roundabout be made simultaneously.
For existing roundabouts, w hen approach, right-turn, circulating, and
Inconsistencies in the data from counts taken on
counted, directional turning move m ents can be computed as show n
different days can produce meaningless results,
For proposed or planned four-legged roundabouts,
ing example. Equation 4-5 show s the through move m ent flow rate
including negative volumes. At a minimum, the sum
Equations 4-1 through 4-4 can be applied to determine
bound approach as a function of the entry flow rate for that approach
of the
entering and exiting volumes should be checked
conflicting (circulating) flow rates, as shown
rate
for the opposing
approach,
right turn flow
rate for the subj
and adjustments
should
be madethe
if necessary
to ensure
graphically in Exhibit 4-2.
the right turn
flow
rate
for
the
approach
on
the
right,
and the circula
that the same amount of traffic enters and
for(4-1)
the approach
on
the
right.
O
ther
through
move
m
ent flow rate
VEB,circ = VWB,LT + VSB,LT + VSB,TH + VNB,U-turn + VWB,U-turn + VSB,U-turn
leaves the roundabout.
VWB,circ = VEB,LT + VNB,LT + VNB,TH + VSB,U-turn + VEB,U-turn + VNB,U-turn

4.3 Capacity

VSB,circ = VWB,LT + VWB,TH + VNB,LT + VEB,U-turn + VNB,U-turn + VWB,U-turn

VEB,TH = VEB,entry + VWB,exit - VEB,RT - VNB,RT - VNB,circ (4-5)
The left turn flow rate for an approach is a function
of the entry flow rate, the through flow rate, and the
right turn flow rate for that same approach, as shown
in Equation 4-6. Again, other movements’ flows are
estimated using similar equations.
VEB,LT = VEB,entry - VEB,TH - VEB,RT (4-6)
While this method is mathematically correct, it is
somewhat sensitive to errors and inconsistencies in the
input data. It is important that the counts at all of the
40
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(4-2)

V E(4-3)
= V E B,entry + V W B,exit - V E B,RT - V N B,RT - V N B,circ
B,TH

VNB,circ = VEB,LT + VEB,TH + VSB,LT + VWB,U-turn + VSB,U-turn + VEB,U-turn

For existing roundabouts, when approach, right-turn,
circulating, and exit flows are counted, directional
turning movements can be computed as shown in the
following example. Equation 4-5 shows the through
movement flow rate for the eastbound approach as a
function of the entry flow rate for that approach, the
exit flow rate for the opposing approach, the right turn
flow rate for the subject approach, the right turn flow
rate for the approach on the right, and the circulating
flow rate for the approach on the right. Other through
movement flow rates can be estimated using a similar
relationship.

mated using a similar relationship.

(4-4)

The left turn flow rate for an approach is a function of the entry
The
maximum
flowturn
rate
that
can
through flow
rate,
and the right
flow
rate
forbe
that sam e approach
accommodated
at
a
roundabout
entry
depends
Equation 4-6. Again, other move m ents’ flow s areonestimated using
two factors: the circulating flow on the roundabout
tions.

that conflicts with the entry flow, and the geometric
elements of the roundabout.
V E B,LT = V E B,entry - V E B,TH - V E B,RT
When the circulating flow is low, drivers at the entry
are W
able
theisroundabout
without
significant
hile to
thisenter
m ethod
mathe matically
correct,
it is som e w hat sensitive
delay.
The
larger
gaps
in
the
circulating
flow
arethat
more
inconsistencies in the input data. It is important
the counts at a
useful
to
the
entering
drivers
and
more
than
one
tions in the roundabout be made simultaneously. Inconsistencies in
vehicle
may
enter
gap.
As the
circulating
flow
counts
taken
on each
different
days
can produce
m eaningless
results, in
increases, the size of the gaps in the circulating flow
tive volum es. At a minimum, the sum of the entering and exiting vo
decrease, and the rate at which vehicles can enter also
be checked and adjustm ents should be made if necessary to ensure
decreases. Note that when computing the capacity of
amount of traffic enters and leaves the roundabout.
a particular leg, the actual circulating flow to use may
be less than demand flows, if the entry capacity of one
leg contributing to the circulating flow is less than
demand on that leg.
The geometric elements of the roundabout also affect
the rate of entry flow. The most important geometric
element is the width of the entry and circulatory
roadways, or the number of lanes at the entry and
on the roundabout. Two entry lanes permit nearly
R o uthe
n d a brate
o u ts:of
A n entry
In f o r m flow
a ti o n a as
l G udoes
i d e • one
4: Operation
twice
lane. Wider
circulatory roadways allow vehicles to travel alongside,
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or follow, each other in tighter
bunches and so provide longer gaps
between bunches of vehicles. The flare
length also affects the capacity. The
inscribed circle diameter and the entry
angle have minor effects on capacity.

w (veh/h)

As at other forms of unsignalized
intersection, when traffic flows on
an approach exceed approximately
85 percent of capacity, delays and
queue lengths vary significantly about
their mean values (with standard
deviations of similar magnitude
as the means). For this reason, the
analysis procedures in some countries
(Australia, Germany, and the United
Kingdom), and this guide, recommend
that roundabouts be designed to
operate at no more than 85 percent of
their estimated capacity.
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exc
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4.3.2 Double-lane roundabout capacity
Exhibit 4-4 show s the expected capacity of a double-lane roundabout that is based
on the design te mplates for the urban/rural double-lane roundabouts. The capacity
forecast show n in the chart is valid for double-lane roundabouts with inscribed
circle diam eters of 40 m to 60 m (130 ft to 200 ft). The capacity forecast is based on
simplified British regression relationships in Appendix A, w hich may also be derived with0 a gap-acceptance model by incorporating limited priority behavior. Larger
inscribed diam eter roundabouts are expected to have slightly higher capacities at
moderate to high circulating flow s.

Exhibit 4-3. Approach capacity of a single-lane roundabout.
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to the procedures in this guide in
the United States, they will provide a
basis for development of operational
performance procedures specifically
calibrated for U.S. conditions. Therefore,
analysts should consult future editions of
the Highway Capacity Manual.

4.3.1 Single-lane roundabout
capacity

The
CONTENTS
cha
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Exhibit 4-3 shows the expected capacity
for a single-lane roundabout for both
0
the urban compact and urban/rural
0
400
800
1200
1600
2000
2400
2800
3200
3600
single-lane designs. The exhibit shows
Circulatory Flo w (ve h/h)
the variation of maximum entry flow
Exhibit 4-4. Approach capacity of a double-lane roundabout.
as a function of the circulating flow on
the roundabout. The calculation of the
safety for pedestrians and bicyclists compared with
Whenwas
flared
approaches
are
circulating flow
described
previously.
The capacity
4.3.3
Capacity effect
shortsingle
lanes lane
at flared
entries
theoflarger
roundabouts.
Mini-roundabout
forecast shown
the chartroad
is valid
used, theincirculatory
widthfor single-lane
capacities may be approximated using the daily
By flaring
short lanes may be added at the entry to improve the perforroundabouts with inscribed
circle diameters
of 25 an
m approach,
to
must be widened.
volumes provided for them in
R o u n d a b o u ts: A n In f omaximum
r m a ti o n a l G u iservice
d e • 4: Operation
mance.
If anon
additional short lane is used, it is assum ed that the circulatory road
55 m (80 ft to 180 ft). The capacity forecast
is based
Chapter 3, but in any case should not exceed the
simplified British regression relationships width
in Appendix
is also increased accordingly. The capacity of the entry is based on the ascapacity of the urban compact design.
Appendix
A for with
furthera gap-acceptance
A, which maySee
also
be derived
sumption that all entry lanes will be effectively used. The capacity is given by the
model information
by incorporating
limited
priority behavior.
on the effects
of short
product of the appropriate factor in Exhibit 4-5 and the capacity of a t wo-lane roundlanes at flared entries.

roundabout
about in Exhibit 4-4.4.3.2
Refer Double-lane
to Appendix A for
a derivation capacity
of these factors (9).

Note that in any case, the flow rate downstream of
the merge point (between the entry and the next
exit) should not be allowed to exceed 1,800 veh/h.
Exceeding this threshold may indicate the need for a
double-lane entry.

The urban compact design is expected to have a
reduced capacity, but has significant benefits of
reduced vehicle speeds through the roundabout (per
the German equations in Appendix A). This increases
FEDERAL HIGHWAY ADMINISTRATION

Exhibit 4-4 shows the expected capacity of a doublelane roundabout that is based on the design templates
for the urban/rural double-lane roundabouts. The
capacity forecast shown in the chart is valid for doublelane roundabouts with inscribed circle diameters of 40
m to 60 m (130 ft to 200 ft). The capacity forecast is
based on simplified British regression relationships in
Appendix A, which may also be derived with a gapRoundabouts: An Informational Guide: Operation |
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acceptance model by incorporating
limited priority behavior. Larger
inscribed diameter roundabouts are
expected to have slightly higher
capacities at moderate to high
circulating flows.

4.3.3 Capacity effect of short lanes
at flared entries
By flaring an approach, short lanes
may be added at the entry to improve
the performance. If an additional short
lane is used, it is assumed that the
circulatory road width is also increased
accordingly. The capacity of the entry
is based on the assumption that all
entry lanes will be effectively used. The
capacity is given by the product of the
appropriate factor in Exhibit 4-5 and
the capacity of a two-lane roundabout
in Exhibit 4-4. Refer to Appendix A for
a derivation of these factors (9).

1

0.707

2

0.794

4

Number of vehicle spaces in
6
the short lane, nf
8

0*

10

1

Th

0.871

Factor (applied to double-lane
0.906
approach
capacity)
0.926
0.939

*Used for the case of a single lane entry to a double-lane roundabout.

0.500
0.707

2

0.794

4

0.871

6

0.906

4.3.4 Comparison of single-lane and double-lane roundabouts
Exhibit 4-6 show s a comparison of the expected capacity for both the single-lane
8
0.926
and double-lane roundabouts. Again, it is evident that the number of lanes, or the
size of the entry and
10 circulating road ways, has a significant
0.939effect on the entry
capacity.

*Used for the case of a single lane entry to a double-lane roundabout.

Exhibit 4-5. Capacity reduction factors for short lanes.
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co
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4.3.4 Comparison of single-lane
and double-lane roundabouts
Exhibit 4-6 shows a comparison of the
expected capacity for both the singlelane and double-lane roundabouts.
Again, it is evident that the number
of lanes, or the size of the entry and
circulating roadways, has a significant
effect on the entry capacity.

4.3.5 Pedestrian effects on entry
capacity

Exhibit
Source
(10)

4-6. Capacity comparison of single-lane and
double-lane roundabouts.

Pedestrians crossing at a marked crosswalk that gives
them priority over entering motor vehicles can have a
significant effect on the entry capacity. In such cases,
if the pedestrian crossing volume and circulating
volume are known, the vehicular capacity should be
factored (multiply by M) according to the relationship
shown in Exhibit 4-7 or Exhibit 4-8 for single-lane
and double-lane roundabouts, respectively. Note that
the pedestrian impedance decreases as the conflicting
vehicle flow increases. The Highway Capacity
R o u nManual
d a b o u ts: A n
(1) provides additional guidance on the capacity of
pedestrian crossings and should be consulted if the
capacity of the crosswalk itself is an issue.

Source (10)

bicyclists) is difficult to achieve. Under normal urban
conditions, the exit lane capacity is in the range of
1,200 to 1,300 veh/h. Therefore, exit flows exceeding
1,200 veh/h may indicate the need for a double-lane
exit (11).

4.4 Performance Analysis
Three performance measures are typically used to
estimate the performance of a given roundabout
design: degree of saturation, delay, and queue length.
Each measure provides a unique perspective on
the quality of service at which a roundabout will
perform under a given set of traffic and geometric
conditions. Whenever possible, the analyst should
estimate as many of these parameters as possible
to obtain the broadest possible evaluation of the
performance of a given roundabout design. In all cases,
a capacity estimate must be obtained for an entry

In f o r m a ti o n a l G u i d e • 4: Operation

4.3.6 Exit capacity
An exit flow on a single lane of more than 1,400 veh/h,
even under good operating conditions for vehicles
(i.e., tangential alignment, and no pedestrians and
42
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tio n
ane
in g
rity.

to the roundabout before a specific
performance measure can be computed.

4.4.1 Degree of saturation
Degree of saturation is the ratio of the
demand at the roundabout entry to the
capacity of the entry. It provides a direct
assessment of the sufficiency of a given
design. While there are no absolute
standards for degree of saturation, the
Australian design procedure suggests
that the degree of saturation for an
entry lane should be less than 0.85
for satisfactory operation. When the
degree of saturation exceeds this range,
the operation of the roundabout will
likely deteriorate rapidly, particularly
over short periods of time. Queues
may form and delay begins to increase
exponentially.

ting
ach
ting
e, as

more
less

are
ent.

4.4.2 Delay
Exhibit
4-7. Capacity reduction factor M for a single-lane
Source: (10)
roundabout assuming pedestrian priority.
Source (10)

Federal High way

Delay is a standard parameterCONTENTS
used
to measure the performance of an
intersection. The Highway Capacity
Manual (1) identifies delay as the
primary measure of effectiveness for
4-8. and
C a p acity
bothExhibit
signalized
unsignalized
re d uctio n factor M for a
intersections, with level of service
d o u ble-la n e ro u n d a b o ut
determined
the ndelay
estimate.
assu m in gfrom
p e d estria
priority.
Currently, however, the Highway
Capacity Manual only includes control
delay, the delay attributable to the
control device. Control delay is the time
that a driver spends queuing and then
waiting for an acceptable gap in the
circulating flow while at the front of the
queue. The formula for computing this
delay is given in Equation 4-7 (12, based
on 13; see also 14). Exhibit 4-9 shows
how control delay at an entry varies
A d m i n istr a ti o n
with entry capacity and circulating flow.
Each curve for control delay ends at a
volume-to-capacity ratio of 1.0, with
the curve projected beyond that point
as a dashed line.

Exhibit 4-8. Capacity reduction factor M for a double-lane
roundabout assuming pedestrian priority.
Source (10)

Source: (10)

4.3.6 Exit capacity
FEDERAL
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An
exit flowHIGHWAY
on a singleADMINISTRATION
lane of more than 1,400 veh/h, even under
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conditions for vehicles (i.e., tangential alignm ent, and no pedestrians and bicyclists)
is difficult to achieve. Under normal urban conditions, the exit lane capacity is in the
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circulating flow. Each curve for control delay ends at a volum e-to-capacity ratio of
1.0, with the curve projected beyond that point as a dashed line.

presented in this section are sufficient. In cases
where it is desired to more accurately estimate
performance in conditions near or over capacity,
the use of software that accounts for the above
(4-7)
factors is recommended.

Delay (sec/veh)

Geometric delay is the additional time that
a single vehicle with no conflicting flows
spends slowing down to the negotiation
(4-7) speed, proceeding through the intersection,
w here:
= averagecontrol
control delay,
delay, sec/veh;
where:
d d= average
sec/veh;
and accelerating back to normal operating
v
=
flow
rate
for
move
m ent x,
v x =x flow rate for movement
x,veh/h;
veh/h;
speed. Geometric delay may be an important
CONTENTS
= capacityofofmovement
move m ent x,
and
cmx c=mx capacity
x,veh/h;
veh/h;
and
consideration in network planning (possibly
= analysistime
tim e period,
period, h ( T = 0.25 for a 15-minute period).
T T= analysis
affecting route travel times and choices) or when
h (T = 0.25 for a 15-minute period).
comparing operations of alternative intersection
types. While geometric delay
60
Exhibit 4-9. C o ntrol d ela y as a
is
often negligible for through
fu nctio n of ca p acity a n d
movements
at a signalized or
e nterin g flo w.
50
stop-controlled intersection,
it can be more significant for
turning movements such as
40
those through a roundabout.
Calculation of geometric delay
30
requires an estimate of the
proportion of vehicles that must
stop at the yield line, as well as
20
knowledge of the roundabout
geometry as it affects vehicle
10
speeds during entry, negotiation,
and exit. Procedures for
calculating the number of stops
0
F e d e r a l H i g h w a y A d m i n istr a ti o n
0
400
800
1200
1600
2000
2400
and geometric delay are given in
Entering flow (veh/h)
the Australian design guide (16).
C a p acity
400 v e h/h

800 v e h/h

1200 v e h/h

1600 v e h/h

2000 v e h/h

2400 v e h/h

Exhibit 4-9. Control delay as a function of capacity and entering flow.

4.4.3 Queue length

Note that as volum es approach capacity, control delay increases exponentially,
with small changes in volum e having large effects on delay. An accurate analysis of
Queue length is important when
delaythat
under
or overcapacity,
saturationcontrol
requiresdelay
consideration of the followNote
asconditions
volumes near
approach
assessing the adequacy of the
increases
exponentially, with small changes in volume
geometric design of the roundabout approaches.
ing factors:

having large effects on delay. An accurate analysis of
The average queue length (L vehicles) can be calculated
delay under conditions near or over saturation requires
by Little’s
rule, as shown in Equation 4-8 (17):
•
The
effect
of
residual
queues.
Roundabout
entries
operating
near
or over capacconsideration of the following factors:
ity can generate significant residual queues that must be accounted
for
be- (4-8)
L = v • d / 3600
• The
of residual queues.
Roundabout
entries
t weffect
e en consecutive
tim e periods.
The m ethod
presented above does not acoperating
over capacity
generate
where:
v =delay
entry flow, veh/h
count fornear
theseorresidual
queues. can
These
factors are accounted
for in the
significant
residual
queues
that
must
be accounted
d = average
delay, seconds/veh
formulae developed by Kimber and Hollis
(15); how ever, these formulae
are
fordifficult
between
consecutive
time
periods.
The
method
to use manually.
Average queue length is equivalent to the vehiclepresented above does not account for these residual
hours of delay per hour on an approach. It is useful
These factors are accounted for in the delay
•queues.
The m etering effect of upstream oversaturated entries . W henfor
an comparing
upstream en-roundabout performance with other
formulae developed by Kimber and Hollis (15);
try is operating over capacity, the circulating volum e in front intersection
of a dow nstream
forms, and other planning procedures that
however, these formulae are difficult to use manually.
entry is less than the true de mand. As a result, the capacity ofuse
the intersection
dow nstream delay as an input.
• The
metering
effect
of wupstream
entry
is higher
than
hat wouldoversaturated
be predicted entries.
from analyzing actual de mand.
For design purposes, Exhibit 4-10 shows how the
When an upstream entry is operating over capacity,
95th-percentile queue length varies with the degree
themost
circulating
volume in wfront
a downstream
For
design applications
here of
target
degre es of saturation of
aresaturation
no more than
of an approach (18, 19). The x-axis of
entrythe
is procedures
less than the
true demand.
As a result,
the
0.85,
presented
in this section
are sufficient.
In the
cases
w here
itthe
is
graph
is
capacity
of theaccurately
downstream
entry
is higher than
what near or over capac- degree of saturation, or the ratio of
desired
to more
estimate
performance
in conditions
the entry flow to the entry capacity. Individual lines
would be predicted from analyzing actual demand.
ity, the use of soft ware that accounts for the above factors is recom
m ended.for the product of T and entry capacity. To
are shown
For most design applications where target degrees
determine the 95th-percentile queue length during
etric delay
additional
tim e the
that procedures
a single vehicle with
noT,conflicting
ofG eom
saturation
are is
nothe
more
than 0.85,
time
enter the graph at the computed degree
flow s spends slowing dow n to the negotiation spe ed, proce eding through the in44
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engineering techniques. In addition, the analyst
(4-9)
can perform a qualitative assessment of the
roundabout performance. The following list
indicates conditions for which corrective design
measures should be taken (20). If the answers to
these questions are negative, no corrective actions
need be taken.
(4-7)

• Do drivers stop unnecessarily at the yield point?

where:

Q95 = 95th percentile queue, veh,
• Do drivers stop unnecessarily within the
vxQ= =flow
for movement
x, veh/h,
w here:
95thrate
percentile
queue, veh,
circulating roadway?
95
cm,xv= = capacity
veh/h, and
CONTENTS
flow rateofformovement
move m ent x,
x, veh/h,
x
• Do any vehicles pass on the wrong side of the
Tc= =analysis
time
period,
h
(0.25
for
15-minute
capacity of move m ent x, veh/h, and
m,x
central island?
period).
T = analysis tim e period, h (0.25 for 15-minute period).
• Do queues from an external bottleneck back up
into the roundabout from an exit road?
of saturation. Move vertically until the computed
(4-9)
curve line is reached. Then move horizontally to the
• Does the actual number of entry lanes differ from
Exhibit 4-10. 95th-p erce ntile
left to determine the 95th-percentile queue length.
those intended by the
design?
q u e u e le n gth esti m atio n.
Alternatively, Equation 4-8 can be used to approximate
• Do smaller vehicles encroach on the truck apron?
the 95th-percentile queue. Note that the graph and
equation are only valid where the volume-to-capacity
• Is there evidence of damage to any of the signs in the
ratio immediately before and immediately after the
roundabout?
study period is no greater than 0.85 (in other words,
the residual queues are negligible).
• Is there any pedestrian activity on the central island?
Q 95 = 95th percentile queue, veh,

w here:

= flow rate for move m ent x, veh/h,
4.4.4 Fieldv xobservations

• Do pedestrians and cyclists fail to use the roundabout
as intended?

c m,x = capacity of move m ent x, veh/h, and
• Are there tire marks on any of the curb surfaces to
The analystT may
evaluate
existing
roundabout
= analysis
timan
e period,
h (0.25
for 15-minute period).indicate vehicle contact?
to determine its performance and whether changes
• Is there any evidence of minor accidents, such as
to its design are needed. Measurements of vehicle
broken glass, pieces of rim, etc., on the approaches or
delay and queuing can be made using standard traffic
the Exhibit
circulating
roadway?
4-10. 95th-p erce ntile
u e u e le
n gthgravel
esti m atio
• Is qthere
any
or n.
other debris
collected in nontraveled areas that
could be a hazard to bicycles or
motorcyclists?

• Are the vehicle speeds appropriate?

4.5 Computer Software for
Roundabouts
Source: (19)
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Exhibit 4-10. 95th-percentile queue length estimation.

Source: (19)

FEDERAL HIGHWAY ADMINISTRATION

While the analytical procedures
of different countries are not very
complex, they are repetitive and
time consuming, so most of these
procedures have been implemented
in software. A summary of current
(as of 1999) software products and
the analytical procedures that they
implement is presented in Exhibit
4-11. The reader is also advised to
consult the latest version of the U.S.
Highway Capacity Manual. While the
procedures provided in this chapter are
recommended for most applications
covered by this guide, models such95as
ARCADY, RODEL, SIDRA, KREISEL, or
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GIRABASE may be consulted to determine the effects
of geometric parameters, particularly for multilane
roundabouts outside the realm of this guide, or for
finetuning designs to improve performance. Note that
many of these models represent different underlying
data or theories and will thus produce different results.
Chapter 8 provides some information on microscopic
simulation modeling which may be useful alternatives
analysis in systems context.

Name

Scope

Application and Qualities (1999 versions)

ARCADY

All configurations

British method (50 percent confidence limits). Capacity, delay, and
queuing. Includes projected number of crashes per year. Data were
collected at extensive field studies and from experiments involving
drivers at temporary roundabouts. Empirical relationships were
developed from the data and incorporated into ARCADY. This model
reflects British driving behavior and British roundabout designs. A prime
attribute is that the capacities it predicts have been measured.

RODEL

All configurations
including multiple
roundabout
interactions

British method (user-specified confidence limits). Capacity, delay, and
queuing. Includes both an evaluation mode (geometric parameters
specified) and a design mode (performance targets specified). Includes
a crash prediction model. RODEL uses the British empirical equations.
It also assists the user in developing an appropriate roundabout for the
traffic conditions.

SIDRA

All configurations
and other control
types

Australian method, with analytical extensions. Capacity, delay, queue,
fuel, and environmental measures. Also evaluates two-way stopcontrolled, all-way stop controlled, and signalized intersections. It
also gives roundabout capacities from U.S. HCM 1997 and German
procedures. SIDRA is based on gap acceptance processes. It uses field data
for the gap acceptance parameters to calibrate the model. There has been
limited field evaluation of the results although experience has shown that
the results fit Australian and U.S. single-lane (21) roundabout conditions
satisfactorily. An important attribute is that the user can alter parameters
to easily reflect local driving.

HCS-3

Single-lane
roundabouts
with a limited
range of volumes

U.S. HCM 1997 method. Limited to capacity estimation based on
entering and circulating volume. Optional gap acceptance parameter
values provide both a liberal and conservative estimate of capacity. The
data used to calibrate the models were recorded in the U.S. The two
curves given reflect the uncertainty from the results. The upperbound
average capacities are anticipated at most roundabouts. The lower bound
results reflect the operation that might be expected until roundabouts
become more common.

KREISEL

All configurations

Developed in Germany. Offers many user-specified options to implement
the full range of procedures found in the literature from U.S. (including
this chapter), Europe, Britain, and Australia. KREISEL gives the average
capacity from a number of different procedures. It provides a means to
compare these procedures.

GIRABASE

All configurations

French method. Capacity, delay, and queuing projections based on
regression. Sensitive to geometric parameters. Gives average values

Exhibit 4-11. Summary of roundabout software products for operational analysis.
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Safety
Roundabouts may improve the safety of intersections
by eliminating or altering conflict types, by reducing
speed differentials at intersections, and by forcing
drivers to decrease speeds as they proceed into
and through the intersection. Though roundabout
crash records in the United States are limited, the
experiences of other countries can be used to help
design roundabouts in this country. Understanding
the sensitivity of geometric element parameters, along
with the crash experience, will assist the designer
in optimizing the safety of all vehicle occupants,
pedestrians, and bicyclists.

5.1 Introduction
Many studies have found that one of the benefits of
roundabout installation is the improvement in overall
safety performance. Several studies in the U.S., Europe,
and Australia have found that roundabouts perform
better in terms of safety than other intersection forms
(1, 2, 3, 4). In particular, single-lane roundabouts
have been found to perform better than two-way
stop-controlled (TWSC) intersections in the U.S.
(5). Although the frequency of reported crashes
is not always lower at roundabouts, the reduced
injury rates are usually reported (6). Safety is better
at small and medium capacity roundabouts than at
large or multilane roundabouts (1, 7). While overall
crash frequencies have been reduced, the crash
reductions are most pronounced for motor vehicles,
less pronounced for pedestrians, and equivocal for
bicyclists, depending on the study and bicycle design
treatments (4, 6, 7). Crash statistics for various user
groups are reported in Section 5.3.
The reasons for the increased safety level at
roundabouts are:
• Roundabouts have fewer conflict points in
comparison to conventional intersections. The
potential for hazardous conflicts, such as right angle
and left turn head-on crashes is eliminated with
roundabout use. Single-lane approach roundabouts
produce greater safety benefits than multilane
approaches because of fewer potential conflicts
between road users, and because pedestrian crossing
distances are short.
• Low absolute speeds associated with roundabouts
allow drivers more time to react to potential conflicts,
also helping to improve the safety performance of
roundabouts.
• Since most road users travel at similar speeds
through roundabouts, i.e., have low relative speeds,
crash severity can be reduced compared to some
traditionally controlled intersections.
• Pedestrians need only cross one direction of traffic at
48
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a time at each approach as they traverse roundabouts,
as compared with unsignalized intersections. The
conflict locations between vehicles and pedestrians
are generally not affected by the presence of a
roundabout, although conflicting vehicles come
from a more defined path at roundabouts (and thus
pedestrians have fewer places to check for conflicting
vehicles). In addition, the speeds of motorists
entering and exiting a roundabout are reduced
with good design. As with other crossings requiring
acceptance of gaps, roundabouts still present visually
impaired pedestrians with unique challenges, as
described in Chapter 2.
For the design of a new roundabout, safety can be
optimized not only by relying on recorded past
performance of roundabouts in general, but primarily
by applying all design knowledge proven to impact
safety. For optimum roundabout safety and operational
performance the following should be noted:
• Minimizing the number of potential conflicts at any
geometric feature should reduce the multiple vehicle
crash rate and severity.
• Minimizing the potential relative speed between
two vehicles at the point of conflict will minimize
the multiple vehicle crash rate and severity (it may
also optimize capacity). To reduce the potential
relative speed between vehicles, either the absolute
speeds of both vehicles need to be reduced or the
angle between the vehicle paths needs to be reduced.
Commuter bicyclist speeds can range from 20 to
25 km/h (12 to 15 mph) and designs that constrain
the speeds of motor vehicles to similar values will
minimize the relative speeds and improve safety.
Lower absolute speeds will also assist pedestrian
safety.
• Limiting the maximum change in speed between
successive horizontal geometric elements will
minimize the single vehicle crash rate and severity.

5.2 Conflicts
The frequency of crashes at an intersection is related to
the number of conflict points at an intersection, as well
as the magnitude of conflicting flows at each conflict
point. A conflict point is a location where the paths
of two motor vehicles, or a vehicle and a bicycle or
pedestrian queue, diverge, merge, or cross each other.
Besides conflicts with other road users, the central
island of a roundabout presents a particular hazard
that may result in over-representation of single-vehicle
crashes that tend to occur during periods of low traffic
volumes. At cross intersections, many such violations
may go unrecorded unless a collision with another
vehicle occurs.
FEDERAL HIGHWAY ADMINISTRATION

or traffic signals).

The following sections present a
variety of conflicts among vehicles,
bicycles, and pedestrians. Both legal
conflicts (queuing at an intersection,
merging into a traffic stream) and
conflicts prohibited by law or by
traffic control devices (failure to yield
to pedestrians, running a stop sign)
have been included for completeness.
Even though traffic control devices
can significantly reduce many
conflicts, they can not eliminate them
entirely due to violations of those
devices. Many of the most serious
crashes are caused by such violations.
As with crash analyses, conflict
analyses areExhibit
more than
the simple
5-2. Ve hicle co nflict
enumeration
number
of
p ointof
cothe
m p ariso
n for intersecconflicts. A conflict
should
tio ns w analysis
ith sin gle-la
n e a ppro ach es.
account for the following factors:

Ex
po
w it

CONTENTS

Exhibit 5-1. Vehicle conflict points for “T” Intersections
with single-lane approaches.

Exhibit 5-2 presents similar diagrams for a traditional four-leg (“ X ” or “ cross ”) intersection and a four-leg roundabout. As the figure show s, the number of vehiclevehicle conflict points for roundabouts decreases from 32 to 8 for four-leg intersections.

• Existence of conflict point;
• Exposure, measured by the product
of the two conflicting stream
volumes at a given conflict point;
• Severity, based
on the relative
A four-leg single-lane roundvelocities of the conflicting streams
about has 75% fewer vehicle
(speed and angle); and
conflict points—compared to a

conventional
• Vulnerability,
based onintersection.
the ability
for a member of each conflicting
stream to survive a crash.

5.2.1 Vehicle conflicts

Diverging
Merging
Crossing

Exhibit 5-2. Vehicle conflict point comparison for intersections
with single-lane approaches.
back of a through-movement queue or where left-
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5.2.1.1 Single-lane roundabouts

Conflicts can be divided
into thre
e basic categories,
w hich thefor
degre
e ofThese
severity
turning
vehicles
are queuedin waiting
gaps.
varies, as follow s:
conflicts are typically the least severe of all conflicts

because the collisions involve the most protected
Exhibit 5-1 presents a diagram of vehicle-vehicle
• Q ueuing conflicts. parts
These conflicts are caused by a vehicle running into the back
of the vehicle and the relative speed difference
conflict points for a traditional three-leg (“T”)
of a vehicle queue on an approach. These types of conflicts can occur at the
between vehicles is less than in other conflicts.
intersection and a three-leg roundabout. As the figure
back of a through-move m ent queue or w here left-turning vehicles are queued
shows, the number of vehicle-vehicle conflict points
Merge conflicts
and diverge
These
areallcaused
waiting for gaps.•These
are conflicts.
typically the
leastconflicts
severe of
conflicts
for roundabouts decreases from nine to six for threeby
the
joining
or
separating
of
two
traffic
streams.
because
the
collisions
involve
the
most
protected
parts
of
the
vehicle
and the
leg intersections. Note that these diagrams do not take
The most
common
types
of crashes
due to
merge
relative
spe
ed
difference
bet
w
e
en
vehicles
is
less
than
in
other
conflicts.
into account the ability to separate conflicts in space
conflicts are sideswipes and rear-end crashes. Merge
(through the use of separate left or right •
turning
M ergelanes)
and diverge conflicts
conflicts . These
are caused
the joining
or separatcan beconflicts
more severe
thanbydiverge
conflicts
or time (through the use of traffic control devices
ing of tsuch
wo traffic streams.
The
most
com
mon
types
of
crashes
due
erge
due to the more likely possibility of collisionstotomthe
as stop signs or traffic signals).
conflicts are sides wipes
and
rear-end
crashes.
M
erge
conflicts
can
be
more
side of the vehicle, which is typically less protected severe
than
diverge
conflicts
to the
possibility
than thedue
front
andmore
rearlikely
of the
vehicle.of collisions to the
Exhibit 5-2 presents similar diagrams for a traditional
side of the vehicle, w hich is typically less protected than the front and rear of the
four-leg (“X” or “cross”) intersection and a four• Crossing conflicts. These conflicts are caused by the
vehicle.
leg roundabout. As the figure shows, the number
intersection of two traffic streams. These are the most
of vehiclevehicle conflict points for roundabouts
• Crossing conflicts. severe
These conflicts
are caused
themost
intersection
ofinvolve
t wo traffic
of all conflicts
andbythe
likely to
Crossing conflicts are the most
decreases from 32 to 8 for four-leg intersections.
fatalities.
Typical crash
rightstreams. These areinjuries
the mostorsevere
of all conflicts
and thetypes
mostare
likely
to involve
severe and carry the highest
angle crash
crashes
and
crashes.
Conflicts can be divided into
three
injuries or in
fatalities. Typical
types
arehead-on
right-angle
crashes and head-on crashes.
public
cost. basic categories,
which the degree of severity varies, as follows:
As Exhibit 5-1 and Exhibit 5-2 show, a roundabout
As Exhibit 5-1 and Exhibit 5-2 show, a roundabout reduces vehicular crossing conreduces vehicular crossing conflicts for both three- and
• Queuing conflicts. These conflicts are caused
by a
flictsqueue
for both
and four-leg
intersectionsbybyconverting
converting all
m ents to right
intersections
allmove
movements
vehicle running into the back of a vehicle
onthre e- four-leg
turns.
Again,
separate
turn
lanes
and
traffic
control
(stop
signs
or
signalization)
to
right
turns.
Again,
separate
turn
lanes
and
traffic can
an approach. These types of conflicts can occur at the
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often reduce but not eliminate the number of crossing conflicts at a traditional
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intersection by separating
conflicts in space
and/or tim e. How
ever,Safety
the most
vere crashes at signalized intersections occur w hen there is a violation of the traffic control device designed to separate conflicts by tim e (e.g., a right-angle colli-

control (stop signs or signalization) can often
reduce but not eliminate the number of
crossing conflicts at a traditional intersection
by separating conflicts in space and/or time.
However, the most severe crashes at signalized
intersections occur when there is a violation of
the traffic control device designed to separate
conflicts by time (e.g., a right-angle collision
due to running a red light, and vehiclepedestrian collisions). Therefore, the ability
of single-lane roundabouts to reduce conflicts
through physical, geometric features has been
demonstrated to be more effective than the
reliance on driver obedience of traffic control
devices.
5.2.1.2 Double-lane roundabouts
In general, double-lane roundabouts have some
of the same safety performance characteristics as
their simpler single-lane counterparts. However,
due to the presence of additional entry lanes
and the accompanying need to provide wider
circulatory and exit roadways, double lane
Exhibit 5-3. Improper lane-use conflicts in
roundabouts introduce additional conflicts not
double-lane roundabouts.
present in single-lane roundabouts. This makes
it important to use the minimum required
conflicts unique to multilane roundabouts are
number of entry, circulating and exit lanes, subject R o u n d a bgenerally
conflicts that typically
o u ts: A n In f olow-speed
r m a ti o n a l G usideswipe
i d e • 5: Safety
to capacity considerations. For example, according
have low severity. Therefore, although the number
to United Kingdom roundabout crash models, for a
of conflict points increases at multilane roundabouts
10,000 entering Average Daily Traffic (ADT), flaring the when compared to a single lane roundabouts, the
entry width from one to two lanes is likely to increase
overall severity of conflicts is generally less than
injury crashes by 25 percent (8).
alternative intersection control.
The number of vehicular and pedestrian conflicts
points in both conventional intersections and
roundabouts increases considerably when they
have additional approach lanes. The designer is
encouraged to graphically determine conflicts for
a particular location, as this information can raise
awareness of design issues and may be useful in public
presentations.
The types of conflicts present in multilane roundabouts
that do not exist in singlelane roundabouts occur when
drivers use the incorrect lane or make an improper
turn. These types of conflicts are depicted in Exhibit
5-3 and Exhibit 5-4, respectively. While these types
of conflicts can also be present in other intersection
forms, they can be prevalent with drivers who are
unfamiliar with roundabout operation. The conflicts
depicted in Exhibit 5-4, in particular, can be created
by not providing a proper design geometry that allows
vehicles to travel side-by-side throughout the entire
roundabout (see Chapter 6). Crashes resulting from
both types of conflicts can also be reduced through
proper driver education.
As with single-lane roundabouts, the most severe
vehicular crossing conflicts are eliminated and replaced
by less severe merging conflicts. The additional
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5.2.2 Pedestrian conflicts
Vehicle-pedestrian conflicts can be present at every
intersection, even those with minimal pedestrian
volume. The following sections examine pedestrian
conflicts at signalized intersections and at roundabouts.
Signalized intersections offer the opportunity to
reduce the likelihood of pedestrian- vehicle conflicts
through the use of signal phasing that allows only a
few movements to move legally at any given time.
Exhibit 5-5 summarizes the typical pedestrian conflicts
present on one approach to a signalized intersection.
As the exhibit shows, a pedestrian crossing at a typical
signalized intersection (permitted or protectedpermitted left turns, right turns on red allowed) faces
four potential vehicular conflicts, each coming from a
different direction:
• Crossing movements on red (typically high-speed,
illegal)
• Right turns on green (legal)
• Left turns on green (legal for protected-permitted or
permitted left turn phasing)
FEDERAL HIGHWAY ADMINISTRATION
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or protected-permitted left turns, right turns on red allow ed) faces four potential
vehicular conflicts, each coming from a different direction:

•
•
•
•

Exhibit 5-6. Ve hicle-p e d estria n
co nflicts at sin gle-la n e ro u n da b o uts.

Crossing move m ents on red (typically high-spe ed, illegal)
Right turns on gre en (legal)
Left turns on gre en (legal for protected-permitted or permitted left turn phasing)
Right turns on red (typically legal)

In terms of exposure, the illegal move m ents should be accorded a low er w eight
than legal conflicts. How ever, they may be accorded an offsetting higher w eight in
terms of severity. For an intersection with four single-lane approaches, this results
in a total of 16 pedestrian-vehicle conflicts.
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to those for motor vehicles. At double-lane and larger roundabouts w here bicycles

5.2.3 Bicycle conflicts
Bicycles face similar conflicts as motor vehicles at both
signalized intersections and roundabouts. However,
because bicyclists typically ride on the right side of
the road between intersections, they face additional
conflicts due to overlapping paths with motor vehicles.
Conflicts unique to bicyclists occur on each approach
to conventional four-leg intersections, as depicted in
Exhibit 5-7 (showing left turns like motor vehicles or
left turns like pedestrians).
At roundabouts, bicycles may be provided the option
of traveling as a vehicle or as a pedestrian. As a result,
the conflicts experienced by bicyclists are dependent
on how they choose to negotiate the roundabout, as
shown in Exhibit 5-8. When traveling as a vehicle at a
single-lane roundabout, an additional conflict occurs
at the point where the bicyclist merges into the traffic
stream; the remainder are similar to those for motor
vehicles. At double-lane and larger roundabouts where
bicycles are typically traveling on the outside part
of the circulatory roadway, bicyclists face a potential
conflict with exiting vehicles where the bicyclist
is continuing to circulate around the roundabout.
Bicyclists may feel compelled to “negotiate” the circle
(e.g., by indicating their intentions to drivers with
their arms) while avoiding conflicts where possible.
Bicyclists are less visible and therefore more vulnerable
to the merging and exiting conflicts that happen at
double-lane roundabouts.

Exhibit 5-8. Bicycle conflicts at roundabouts
(showing two left-turn options).
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conflict for bicyclists occurs at the point where the
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United
Kingdom,
these
crash
frequencies
are
quite
and pedestrian movements cross (not shown on thetrians.
high. Annual crash frequencies in France, Australia,
exhibit).
and United Kingdom of 0.15, 0.6, and 3.31 injury
5.3.1 Comparisons to previous intersection treatment
crashes per roundabout, respectively, have been
reported (1, 10). The reader should note that the UK
5.3 Crash Statistics
Exhibit 5-9 show s the crash frequencies (average annual crashes per roundabo
has many high-volume, multilane roundabouts.
experienced at eleven intersections in the U.S. that w ere converted to roundabou
This section summarizes the overall safety performance
In spite
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single-lane
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Pedestrian and bicycle crash statistics are discussed
and Florida, the injury crash rate was found to be
separately, including design issues for visually impaired 0.08 crashes per million entering vehicles (5). By
pedestrians.
comparison, the injury crash rate was reported to be

5.3.1 Comparisons to previous intersection
treatment

0.045 crashes per million entering vehicles in France
and 0.275 crashes per million entering vehicles in the
United Kingdom (1, 10).

Experiences in the United States show a reduction in
crashes after building a roundabout of about 37 percent
Exhibit 5-9 shows the crash frequencies (average
R o u n d a b for
o u ts:all
A ncrashes
In f o r m a tiand
o n a l G51
u i dpercent
e • 5: Safety
for injury crashes. These
annual crashes per roundabout) experienced at
eleven intersections in the U.S. that were converted
values correspond with international studies with
to roundabouts. As the exhibit shows, both types
much larger sample sizes, as shown in Exhibit 5-10.
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Type of
Roundabout

Sites

Before
Roundabout
Total
Inj.3
PDO4

Total

Roundabout
Inj.
PDO

Percent Change5
Total
Inj.
PDO

Small/Moderate1

8

4.8

2.0

2.4

2.4

0.5

1.6

-51%

73%

-32%

Large

3

21.5

5.8

15.7

15.3

4.0

11.3

-29%

-31%

-10%

Total

11

9.3

3.0

6.0

5.9

1.5

4.2

-37%

-51%

-29%

2

Notes:
1. Mostly single-lane roundabouts with an inscribed circle
diameter of 30 to 35 m (100 to 115 ft).
2. Multilane roundabouts with an inscribed circle diameter
greater than 50 m (165 ft).

Source: (9)
3. Inj. = Injury crashes
4. PDO = Property Damage Only crashes
5. Only injury crash reductions for small/moderate
roundabouts were statistically significant.

Exhibit 5-9. Average annual crash frequencies at 11 U.S. intersections converted to roundabouts.
The findings of these studies show that injury crashes
are reduced more dramatically than crashes involving
property damage only. This again is in part due to the
configuration of roundabouts, which eliminates severe
crashes such as left turn, head-on, and right angle
collisions. Most of these studies also show that crash
reduction in rural areas is much higher than in urban
areas.

Mean Reduction (%)
All Crashes
Injury Crashes

Country

Note that the geometry of many studied sites may
not necessarily conform to good roundabout design.
Improved design principles, such as an emphasis on
achieving consistent speeds, may result in better safety
performance. It should also be noted that these crash
reductions are generally for sites where roundabouts
were selected to replace problem intersections.
Therefore, they do not necessarily represent a universal
safety comparison with all other intersection types.

Australia

41 - 61%

45 - 87%

France

57 - 78%

Germany

36%

Netherlands

47%

United Kingdom
United States

25 - 39%
37%

51%
Source: (2), France: (11)

Collisions at roundabouts tend to be less severe than
at conventional intersections. Most crashes reported
at roundabouts are a result of drivers failing to yield
on entry, referred to as entering-circulating crashes. In
addition, rear-end collisions and single vehicle crashes
have been reported in many studies. Exhibit 5-11
shows the percentage of the three main crash types
reported in different countries.

Exhibit 5-10. Mean crash reductions
in various countries.

Type of Crash1
Country

Crash
Description

Type of
Roundabout

Enteringcirculating

Rear-end

Single
Vehicle

Australia

All crashes

Single and
multilane

51%

22%

18%

Injury crashes

Single and
multilane

37%

13%

28%

Germany

All crashes

Single lane

30%

28%

17%

Switzerland

All crashes

Single and
multilane

46%

13%

35%

Injury crashes

Single and
multilane

20 - 71%

7 - 25%

8 - 30%

France

United Kingdom

1. Percentages do not necessarily sum to 100% because only
three major crash categories are shown.
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Exhibit 5-11.
Reported
proportions
of major
crash types at
roundabouts.

Source: (10)
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5.3.2 Collision types
It is instructive for designers to examine details of
collision types and location at roundabouts. Statistics
are available for roundabouts designed according to
local practices in France, Queensland (Australia), and
the United Kingdom. It should be noted that the
reported frequencies are to some extent related to the
specific design standards and reporting processes used
in these countries.
Exhibit 5-12 presents a summary of the percentage
of crashes by collision type. The numbered items in
the list correspond to the numbers indicated on the
diagrams given in Exhibit 5-13 as reported in France.
The French data illustrate collision types for a sample
of 202 injury crashes from 179 urban and suburban
roundabouts in France for the period 1984–1988 (12).

For comparison purposes, data from Queensland,
Australia (13) and the United Kingdom (1) have been
superimposed onto the same classification system.
The results in Exhibit 5-12 are instructive for a number
of reasons:
• A variety of collision types can take place at
roundabouts. A designer should be aware of these
collision types when making decisions about
alignment and location of fixed objects. It is
recommended that these collision types be adopted
as conflict types in the U.S. to conduct traffic conflict
analysis and report crashes at roundabouts.
• Although reporting methodologies may vary
somewhat, crash experience varies from country
to country. This may be due to a combination of
differences in driver behavior, and design features.

Collision Type

France

Queensland
(Australia)

United
Kingdom1

1. Failure to yield at entry (entering-circulating)

36.6%

50.8%

71.1%

2. Single-vehicle run off the circulatory roadway

16.3%

10.4%

8.2%2

3. Single vehicle loss of control at entry

11.4%

5.2%

2

4. Rear-end at entry

7.4%

16.9%

7.0%3

5. Circulating-exiting

5.9%

6.5%

6. Pedestrian on crosswalk

5.9%

3.5%4

7. Single vehicle loss of control at exit

2.5%

2.6%

8. Exiting-entering

2.5%

9. Rear-end in circulatory roadway

0.5%

1.2%

10. Rear-end at exit

1.0%

0.2%

11. Passing a bicycle at entry

1.0%

12. Passing a bicycle at exit

1.0%

13. Weaving in circulatory roadway

2.5%

14. Wrong direction in circulatory roadway

1.0%

15. Pedestrian on circulatory roadway

3.5%

4

16. Pedestrian at approach outside crosswalk

1.0%

4

2

2.0%

Other collision types

2.4%

Other sideswipe crashes

1.6%

10.2%

Notes:
1. Data are for “small” roundabouts (curbed central islands > 4 m [13 ft] diameter, relatively large ratio of inscribed circle
diameter to central island size)
2. Reported findings do not distinguish among single-vehicle crashes.
3. Reported findings do not distinguish among approaching crashes.
4. Reported findings do not distinguish among pedestrian crashes.
Sources: France (12), Australia (13), United Kingdom (1)

Exhibit 5-12. Comparison of collision types at roundabouts.
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5-13. G ra p hicaltypes of
Three Exhibit
of the predominant
d
e
pictio
n
of failures
collisio n ty
es at at entry
collision are: (1)
top yield
ro u n d a b o uts.
to circulating vehicles, (2) single vehicle
run-off the circulatory roadway, and (3)
single vehicle run-into the central island.
A more recent crash study (14) confirmed
a high proportion of single vehicle
crashes: 49 percent in rural areas, versus
21 percent in urban areas. According to
crash models from the United Kingdom,
single vehicle crashes range between
20 and 40 percent depending on traffic
and design characteristics of sites. In the
United Kingdom models, separation by
urban and rural areas is not provided.

To reduce the severity of single vehicle
crashes, special attention should be
accorded to improving visibility and
avoiding or removing any hard obstacles
on the central island and splitter islands
in both urban and rural environments.
A French study (14) identified a number
of major obstacles that caused fatalities
and injuries: trees, guardrail, concrete
barriers, fences, walls, piers, sign or light
poles, landscaping pots or hard decorative
objects, and steep cross-slopes on the
central island.
In rural areas, the benefit of lighting has
not yet been quantified. In France, only
36 percent of the rural sites are lighted. At
these sites, 46 percent of all crashes, and
49 percent of single vehicle crashes occur
at night (14).
The French study (7) in 15 towns of 202
urban roundabout crashes compared with
all crossroads reported the percentage
of crashes by user type, as shown in
Exhibit 5-14. The percentage of crashes
concerning pedestrians was similar to all
crossroads. However, the percentage of
crashes involving bicycles and mopeds
was larger—15.4 percent for urban
crossroads overall versus 24.2 percent for
roundabouts,i.e., almost 60 percent more.
Exhibit 5-13. Graphical depiction of collision
roundabouts.

Source (8)

types
Source
(8) at
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5.3.3 Pedestrians
As was described previously, vehicular injury crashes
normally decrease when roundabouts are installed
at an existing intersection. The safety benefits of
roundabouts have been found to generally carry over
to pedestrians as well, as shown in British statistics
of Exhibit 5-15. This may be due to the reduced
speeds at roundabouts as compared with the previous
intersection forms.

of intersections, due to the slower vehicle speeds.
Likewise, the number of conflict points for pedestrians
is lower at roundabouts than at other intersections,
which can lower the frequency of collisions.
The splitter island between entry and exit allows
pedestrians to resolve conflicts with entering and
exiting vehicles separately.

A Dutch study of 181 intersections converted to
roundabouts (4) found reductions (percentage) in all
pedestrian crashes of 73 percent and in pedestrian
injury crashes of 89 percent. In this study, all modes
For pedestrians, the risk of being involved in a severe
shared in the safety benefits to greater (passenger cars)
collision is lower at roundabouts than at other forms
or lesser extents (bicycles), as shown in Exhibit
5-16.
User
All Crossroads
Roundabouts
A risk analysis of 59 roundabouts and 124
Pedestrians
6.3%
5.6%
signalized intersections was carried out on
crash data in Norway between 1985 and 1989.
Bicycles
3.7%
7.3%
Altogether, 33 crashes involving personal
Mopeds
11.7%
16.9%
injury were recorded at the 59 roundabouts.
Only 1 of these crashes involved a pedestrian,
Motor cycles
7.4%
4.8%
compared with the signalized intersections, where
Cars
65.7%
61.2%
pedestrians were involved in 20 percent of the
personal injury crashes (57 of 287 injury crashes)
Utility vehicles
2.0%
0.6%
(16).
Heavy goods vehicles
2.0%
3.0%
Further, there is no quantitative evidence of
Bus/coach
0.8%
0.6%
increased safety for pedestrians at roundabouts
with striped (zebra) crossings, where pedestrians
Miscellaneous
0.4%
0.0%
have priority. Therefore, striped crossings have
Total
100.0%
100.0%
generally not been used in other countries.
Source: (7) However, in the U.S., it is recommended that all
Exhibit 5-14. Crash percentage per type of
crosswalks be striped except at rural locations
user for urban roundabouts in 15 towns in
with low pedestrian volumes. Although this is not
western France.
their intended function, striped crosswalks may
further alert approaching drivers to a change in
Pedestrian Crashes
their appropriate speed near the yield point.
Intersection Type
per Million Trips
Mini-roundabout

0.31

Conventional roundabout

0.45

Flared roundabout

0.33

Signals

0.67

Exhibit 5-15. British crash rates for
pedestrians at roundabouts and
signalized intersections.
Mode

Crash data have not been collected to indicate
whether a pedestrian has a disability, and no
studies have focused specifically on the safety of
visually impaired pedestrians at roundabouts. This
is an area requiring further research.

Source: (1, 15)

All Crashes

Injury Crashes

Passenger car

63%

95%

Moped

34%

63%

Bicycle

8%

30%

Pedestrian

73%

89%

Total

51%

72%

Exhibit 5-16. Percentage reduction in
the number of crashes by mode at 181
converted Dutch roundabouts.
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5.3.3.1 Information access for blind or visually
impaired pedestrians
Roundabout crossing skills may be difficult
for disabled pedestrians to perform without
assistance. For example, audible pedestrianactivated signals may be considered on an
approach, although this treatment is not
typical. Any leg of any roundabout could be
equipped with a pedestrian-activated signal at
the pedestrian crossing, if a balanced design
requires providing assistance to pedestrians at that
location. For example, motorized volume that is
too heavy at times to provide a sufficient number
of gaps acceptable for pedestrians may warrant a
pedestrian signal equipped with audible devices to
assist people with visual disabilities.
FEDERAL HIGHWAY ADMINISTRATION

When crossing a roundabout, there are several areas
of difficulty for pedestrians who are blind or visually
impaired. It is desirable that a visually impaired
pedestrian with good travel skills should be able to
arrive at an unfamiliar intersection and cross it with
pre-existing skills and without special, intersectionspecific training. Roundabouts pose problems at several
points of the crossing experience, from the perspective
of their access to information:

information. However, more research is required
to develop the information jurisdictions need to
determine where roundabouts may be appropriate
and what design features are required for people
with disabilities. Until specific standards are adopted,
engineers and jurisdictions must rely on existing
related research and professional judgment to
design pedestrian features so that they are usable by
pedestrians with disabilities.

• The first task of the visually impaired pedestrian
is to locate the crosswalk. This can be difficult if
the roundabout is not properly landscaped and
if the curb edge of the ramp is not marked with
a detectable warning surface (see Chapter 6). The
crosswalk direction must also be unambiguous.

Possible design remedies for the difficulties faced by
pedestrians include tight entries, raised speed tables
with detectable warnings, treatments for visually
impaired pedestrians to locate crosswalks, raised
pavement markers with yellow flashing lights to alert
drivers of crossing pedestrians, pedestrian crossings
with actuated signals set sufficiently upstream of the
yield line to minimize the possibility of exiting vehicle
queues spilling back into the circulatory roadway (6).
However, the safety of these treatments at roundabouts
has not been tested in the United States.

• Depending upon whether the visually impaired
pedestrian is crossing the roundabout in a clockwise
or counterclockwise direction, they must listen for a
safe gap to cross either the entrance or exit lane(s).
The primary problem is the sound of traffic on the
roundabout, which may mask the sound of cars
approaching the crosswalk. While crossing the exit
5.3.4 Bicyclists
lane poses the greater hazard to the pedestrian who
is visually impaired because of the higher speed of
As shown in Exhibit 5-17, at British roundabouts
the vehicles, crossing the entrance may also pose
bicyclists fare worse in terms of crashes at roundabouts
significant problems. Entering traffic, while slower,
than at signalized intersections.
may also be intimidating as it may not be possible
to determine by sound alone whether a
Intersection Type
Bicyclists
Motorcyclists
vehicle has actually stopped or intends to
stop. Sighted pedestrians often rely upon
Mini-roundabout
3.11
2.37
communication through eye contact in these
situations; however, that is not a useful or
Conventional roundabout
2.91
2.67
reliable technique for the pedestrian who
Flared roundabout
7.85
2.37
is visually impaired. Both these problems
are further exacerbated at roundabouts
Signals
1.75
2.40
with multilane entrances and exits. In these
Source: (1, 15)
Exhibit 5-17. British crash rates (crashes per
roundabouts, a stopped car in the near lane
million trips) for bicyclists and motorcyclists
may mask the sounds of other traffic. It may
at roundabouts and signalized intersections.
also block the view of the driver in the far lane
of the cane or guide dog of a person who is visually
A French study (7) compared the crashes in 1988 in
impaired who begins to cross (this is also a problem
15 towns in the west of France at both signalized
for children and people using wheelchairs on any
intersections and roundabouts, as shown in Exhibit
crossing of a multilane road).
5-18. The conclusions from the analysis were:
• The third task is locating the splitter island pedestrian
refuge. If this refuge is not ramped, curbed, or
equipped with detectable warnings, it is not
detectable by a pedestrian who is visually impaired.
• Crossing the remaining half of the crossing (see the
second bullet above).
• Locating the correct walkway to either continue their
path or locate the adjacent crosswalk to cross the
next leg of the roundabout.
Unless these issues are addressed by a design,
the intersection is “inaccessible” and may not be
permissible under the ADA. Chapters 6 and 7 provide
specific suggestions to assist in providing the above
FEDERAL HIGHWAY ADMINISTRATION

• There were twice as many injury crashes per year at
signalized intersections than at roundabouts;
• Two-wheel vehicles were involved in injury crashes
more often (+77 percent) at signalized intersections
than on roundabouts;
• People were more frequently killed and seriously
injured per crash (+25 percent) on roundabouts than
at signalized intersections;
• Proportionally, t wo-wheel vehicle users were
more often involved in crashes (16 percent) on
roundabouts than at signalized intersections.
Furthermore, the consequences of such crashes were
more serious.
Roundabouts: An Informational Guide: Safety |
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Signalized
Crossroads

Roundabouts

1,238

179

Number of personal injuries

794

59

Number of crashes involving 2-wheel vehicles

278

28

Personal injury crashes/year/crossroad

0.64

0.33

2-wheel vehicle crashes/year/crossroad

0.23

0.13

Crashes to 2-wheel vehicles per 100 crashes

35.0

40.7

Serious crashes/year/crossroad

0.14

0.089

Serious crashes to 2-wheel vehicles/year/crossroad

0.06

0.045

Serious crashes/100 crashes

21.9

27.1

Serious crashes to 2-wheel vehicles/100 crashes
to a 2-wheel vehicle

27.0

33.3

Number of crossroads

Exhibit 5-18. A comparison of crashes between signalized and
roundabout intersections in 1998 in 15 French towns.
All European countries report that a more careful
design is necessary to enhance bicyclists’ safety. The
type of bicycle crashes depends on the bicycle facilities
provided at the roundabout. If there are no bicycle
facilities, or if there is a bike lane on the outer area
of the circulatory roadway, crashes typically occur
between entering cars and circulating bicyclists as well
as between cars heading into an exit and circulating
bicyclists. Improperly placed signs on the splitter island
may also be a contributing factor.
As a result, most European countries have the
following policies:
• Avoid bike lanes on the outer edge of the circulatory
roadway.
• Allow bicyclists to mix with vehicle traffic without
any separate facility in the circulatory roadway when
traffic volumes are low, on single lane roundabouts
operating at lower speeds (e.g., up to 8,000 vehicles
per day in the Netherlands (4).
• Introduce separated bicycle facilities outside the
circulatory roadway when vehicular and bicycle
volumes are high. These separated bicycle facilities
cross the exits and entries at least one car length from
the edge of the circulatory roadway lane, adjacent
to the pedestrian crossings. In some countries,
bicyclists have priority over entering and exiting
cars, especially in urban areas (e.g., Germany). Other
countries prefer to give priority to car traffic showing
a yield sign to bicyclists (e.g., Netherlands). The latter
solution (i.e., separate bicycle facilities with vehicular
traffic priority at the crossing points) is the standard
solution for rural areas in most European countries.
Speed is a fundamental risk factor in the safety of
bicyclists and pedestrians. Typical bicyclist speeds are
in the range of 20 to 25 km/h (12 to 15 mph), and
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Source: (7)

designs that constrain the
speeds of vehicles to similar
values will minimize the
relative speeds and thereby
improve safety. Design
features that slow traffic
such as tightening entry
curvature and entry width,
and radial alignment of the
legs of a roundabout, such
as with the urban compact
design, are considered safe
treatments for bicyclists
(17).
In the Netherlands, a 90
percent decrease in injury
crashes was experienced
with separate bicycle paths
around roundabouts where
bicyclists do not have
right-ofway at the crossings
(17).

A bicycle crash prediction model from Sweden has
been validated against data for Swedish, Danish,
and Dutch roundabouts (18). The model provides
reasonable results for roundabouts with up to 12,000
vehicles per day and 4,000 bicycles per day. The model
tends to over-predict crashes (i.e., is conservative) for
roundabouts carrying more than 12,000 vehicles per
day that are also designed with separate bicycle paths
with crossings on the approach legs. It is calibrated
for crossroad intersections as well as roundabouts.
To obtain the expected cycling crashes per year at
roundabouts, the value derived from the general
junction model is factored by 0.71, implying that
bicycle crashes at roundabouts are 71 percent less
frequent than at junctions in general. However, the
reader is cautioned when extrapolating European
bicycling experience to the U.S., as drivers in Europe
are more accustomed to interacting with bicyclists.

5.4 Crash Prediction Models
Crash prediction models have been developed for
signalized intersections in the U.S., as discussed
previously in Chapter 3. However, no crash prediction
models exist yet for U.S. roundabouts and driver
behavior. Given the relatively recent introduction of
roundabouts to the U.S. and driver unfamiliarity with
them, crash prediction models from other countries
should be used cautiously. As reported earlier in
Section 5.3, crash statistics vary from country to
country, both in terms of magnitude and in terms
of collision types. Consequently, the application
of a crash prediction model from another country
may not accurately predict crash frequencies at U.S.
locations. Nonetheless, these crash prediction models
from other countries can be useful in understanding
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the relative effects of various geometric features on
the number of crashes that might be expected. The
user is thus cautioned to use these models only for
comparative purposes and for obtaining insights into
the refinement of individual geometric elements, not
to use them for predicting absolute numbers of crashes
under U.S. conditions.
Crash models relating crash frequency to roundabout
characteristics are available from the United Kingdom.
The sample consisted of 84 four-leg roundabouts of
all sizes, small to large and with various number of
approach lanes and entry lanes (flared or parallel
entries) (1). Approach speeds were also evenly
represented between 48 to 64 km/h (30 to 40 mph)
and 80 to 113 km/h (50 to 70 mph). Crash data were
collected for periods of 4 to 6 years, a total of 1,427
fatal, serious, and slight injuries only. The proportion
of crashes with one casualty was 83.7 percent, and
those with two casualties was 12.5 percent. The
models are based on generalized linear regression
of the exponential form, which assumes a Poisson
distribution. Their goodness of fit is expressed in terms
of scaled deviations that are moderately reliable. No
additional variables, other than those listed below,
could further improve the models significantly (see
also (8).
The British crash prediction equations (1), for each
type of crash are listed in Equations 5-1 through
5-5. Note that these equations are only valid for
roundabouts with four legs. However, the use of
these models for relative comparisons may still be
reasonable.
Entry-Circulating:

(5-1)

A= 0.052Q Q exp(- 40Ce + 0.14e - 0.007ev 1
––––––——— +0.2Pm - 0.01θ)
1+ exp(4R - 7)
0.7
e

0.4
c

A = 0.0057Q1.7
exp(20Ce - 0.1e)
e
where: A = personal injury crashes (including
fatalities) per year at roundabout
approach or leg;
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Single Vehicle:

(5-3)

A = 0.0064Q0.8
exp(25Ce + 0.2v - 45Ca)
e
where: A = personal injury crashes (including
fatalities) per year at roundabout
approach or leg
Qe = entering flow (1,000s of vehicles/day)
Ce = entry curvature = 1/Re
Re = entry path radius for the shortest vehicle
path (m)
V = approach width (m)
Ca = approach curvature = 1/Ra
Ra = approach radius (m), defined as the radius
of a curve between 50 m (164 ft) and
500 m (1,640 ft) of the yield line
Other (Vehicle):

(5-4)

A = 0.0064Q0.8
exp(25Ce + 0.2v - 45Ca)
e
where: A = personal injury crashes (including
fatalities) per year at roundabout
approach or leg
Qec = product Qe • Qc
Qe = entering flow (1,000s of vehicles/day)
Qc = circulating flow (1,000s of vehicles/day)
Pm = proportion of motorcycles
Pedestrian:

(5-5)

0.5
A = 0.029Qep

where: A = personal injury crashes (including
fatalities) per year per roundabout
approach;
Qe = entering flow (1,000s of vehicles/day)
Qc = circulating flow (1,000s of vehicles/day)
Ce = entry curvature = 1/Re
e = entry width (m)
v = approach width (m)
R = ratio of inscribed circle diameter/central
island diameter
Pm = proportion of motorcycles (%)
θ = angle to next leg, measured centerline to
centerline (degrees)
Approaching:

Qe = entering flow (1,000s of vehicles/day)
Ce = entry curvature = 1/Re
Re = entry path radius for the shortest vehicle
path (m)
e = entry width (m)

(5-2)

where: A = personal injury crashes (including
fatalities) per year at roundabout
approach or leg
Qep = product (Qe + Qex). Qp
Qe = entering flow (1,000s of vehicles/day)
Qex = exiting flow (1,000s of vehicles/day)
Qp = pedestrian crossing flow (1,000s of
pedestrians/day)
According to the U.K. crash models, the major physical
factors that were statistically significant are entry
width, circulatory width, entry path radius, approach
curvature, and angle between entries. Some of the
effects of these parameters are as follows:
• Entry width: For a total entry flow of 20,000 vehicles
per day, widening an entry from one lane to two
lanes is expected to cause 30 percent more injury
crashes. At 40,000 vehicles per day, widening an
entry from two lanes to three lanes will cause a 15
percent rise in injury crashes. Moreover, the models
could not take into account the added hazard to
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bicyclists and pedestrians who will have to travel
longer exposed distances. (8)
• Circulatory width: W idening the circulatory roadway
has less impact on crashes than entry width. Crashes
are expected to rise about 5 percent for a widening of
two meters. (8)
• Entry path radius: Entry-circulating collision type
increases with entry path radius (for the fastest path),
while single vehicle and approach collision types
decrease. For a double-lane approach, an optimum
entry path radius is 50 to 70 m (165 to 230 ft). (8)
• Approach curvature: Approach curvature is safer when
the approach curve is to the right and less so when
the curve is to the left. This implies that a design is
slightly safer when reverse curves are provided to
gradually slow drivers before entry. For a double-lane
approach roundabout with entering flow of 50,000
vehicles per day, changing a straight approach to a
right-turning curve of 200 m (650 ft) radius reduces
crash frequency by 5 percent. (8)
• Angle between entries: As the angle between entries
decreases, the frequency of crashes increases. For
example, an approach with an angle of 60 degrees
to the next leg of the roundabout increases crash
frequency by approximately 35 percent over
approaches at 90-degree angles. Therefore, the angle
between entries should be maximized to improve
safety.
An approach suggested in Australia (13) differs from
the British approach in that the independent variables
are based on measures related to driver behavior. For
instance, the collision rate for single vehicle crashes
was found to be:
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Asp = 1.64 x 10-12 x Q1.17 x L x (S + ΔS)4.12 /R1.91

(5-6)

and
Asa = 1.79 x 10-9 x Q0.91 x L x (S + ΔS)1.93 /R0.65

(5-7)

where: Asp = the number of single vehicle crashes per
year per leg for vehicle path segments
prior to the yield line.
Asa = the number of single vehicle crashes per
year per leg for vehicle path segments
after the yield line.
Q = the average annual daily traffic in the
direction considered—one way traffic only
(veh/d)
L = the length of the driver’s path on the
horizontal geometric element (m).
S = the 85th-percentile speed on the
horizontal geometric element (km/h).
ΔS = the decrease in the 85th-percentile speed
at the start on the horizontal geometric
element (km/h). This indicates the speed
change from the previous geometric
element.
R = the vehicle path radius on the geometric
element (m).
These equations demonstrate a direct relationship
between the number of crashes, overall speed
magnitudes, and the change in speed between
elements. Therefore, this equation can be used to
estimate the relative differences in safety benefits
between various geometric configurations by
estimating vehicle speeds through the various parts of
a roundabout.
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