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At the time the study was completed, after period crash data was available for 54 Study
Locations statewide (30 sites had before and after crash data).

*As of April 2011, we had about 85 roundabouts on the state system.
*We couldn’t evaluate locations that were under private jurisdiction or those that were too
new and didn’t have after period data.



*The study included a wide variety of sites across North Carolina from the mountains to
the coast (from downtown to rural locations; from high volume to low volume; and from
low speed to high speed).

*The roundabouts were installed for a variety of reasons — many for operational or traffic
calming purposes and a handful for safety reasons.

*Some were converted from two-way stop control and others were converted from a
signal to a roundabout.




We categorized the data into seven different roundabout types:

*There were four single lane roundabout types based on inscribed circle diameter: Mini
(45-80’); Compact (81-100°); Single (101-130”); and Large Single (>130°).

*There were also multilane lane roundabouts and roundabouts at ramp terminals.

*There was one very large one north of Charlotte, which was classified as a traffic circle
with an inscribed diameter of almost 300°.







These are the recommended CRFs from all 30 sites with before and after data (no matter the type, size,
or the before period control): 46% reduction in total crashes; 75% reduction in injury crashes; 85%
reduction in high severity injury crashes; and76% reduction in frontal impact crashes.

* Note: 29/30 were single lane roundabouts and the traffic circle was not included.
* Injury and frontal impact crashes especially benefited from the treatment.

* There was a 30% reduction in rear end crashes, although there is higher standard deviation around
this estimate. There was an increase in sideswipe crashes, although crash frequencies are low and
there is a high standard deviation.

* There seemed to be more benefit for day time crashes.

* A naive before and after analysis was used and volume increases were accounted for with a linear
traffic factor. Empirical Bayes methodology was not used since many of the sites were not installed
specifically for safety reasons.




*National statistics are pretty comparable with our results. A 55-location study sited in
the NCHRP Roundabout Guide observed a 35% reduction in total crashes and a 76%
reduction in injury crashes using Empirical Bayes methodology. This study included a
group of 15 two-lane roundabouts and 10 sites converted from all-way stop control.




*We analyzed the number of total crashes that occurred within the first year after
conversion to a roundabout.

*We looked to see if there was an increase in crashes immediately following the
installation, but we actually found that the crash rates were the lowest in this period.

*Crash rates for the remainder of the after period were still lower than the before period,
whether prior control was stop or signal.
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The largest after period crash types were: Sideswipe/Turning Crashes, Rear End
Crashes, and Ran Off Road Crashes.

The crash frequencies (in parenthesis) are relatively low considering the number of sites
analyzed and the number of years studied. There were several bicycle crashes, which is
discussed next.
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*Four sites had reported bicycle crashes in the after period. There were 2 class-B
injury crashes and 2 class-C injury crashes. The estimated vehicle impact speeds
were 5 to 20 mph.

*There were no reported pedestrian crashes in the study after period.

*At the 54 sites, we pulled data from 150 study-years before and 232 study-years
after.
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*Passenger vehicles comprised 93% of vehicles involved in crashes, while buses
and trucks comprised 7%.

*Statewide Bus & Truck crash involvement is about 4% per NCDOT crash facts
(2006), so the percentage is a little higher than the statewide average.

*There were 17 total bus/truck crashes in the after period. Bus/Truck Crash
Frequency: 2 Commercial Buses; 1 School Bus; 4 Single Unit Trucks; 7
Tractor/Semi-Trailers; 2 Truck/Trailers; and 1 Unknown Heavy Vehicle
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*The before and after results are different when analyzing day time or night time
conditions.

*There were substantial decreases in daylight crashes; however, there was not a big
overall change in the number of night crashes.

*There was not much of a change when analyzing lighted or un-lighted roadways. Note
that 20 of 30 sites had some form of overhead lighting present.

*Considering the number of years and sites studied, there was not a high frequency of
night crashes. Only two sites had more than one night crash/year.
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For the single lane roundabouts, there were consistent reductions in total and severe
injury crashes regardless of size.

For the study intersections, we found little correlation between:
sinscribed circle diameter and after period crashes
sintersection entry width and after period crashes

scirculatory lane width and after period crashes.
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*The study included only one multi-lane roundabout with complete before and after data,
which is located in Winston-Salem, NC. This location experienced an increase in
crashes, from 11 before period to 13 after period crashes. However, the severity index
decreased almost by half.

*There were six roundabouts at interchange terminals with before and after data. There
was a slight decrease in total crashes, but a large standard deviation around the estimate.
There was a large overall decrease in severe injury crashes.
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+Sites converted from two-way stop control experienced similar crash reductions as those
converted from signals.

*There were no KAB crashes (severe injury crashes) in the after period at the 6 sites
converted from a signal.
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*The results were similar for 3-leg or 4-leg intersections.
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*There was not a noticeable increase in the average number of sideswipe crashes/year.

*The data was separated into sites with bypass lanes and those without. There was some
concern that with bypass lanes the number of merging sideswipe crashes downstream of
the roundabout may increase, but this didn’t seemed to happen at the study sites. Crash
reductions at the sites with bypass lanes were lower than those without, but the overall
crash frequencies were still low.

*In the after period, there were 13 sideswipe crashes at our 30 sites with before and after
data (which includes 143 study years).
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*The intersection volume was plotted with crashes per year at the single lane roundabouts
(excluding ramp sites, for which we have no volume data). It seems that crash frequency
has a weak linear relationship with the intersection volume. However, it appears that
there is generally an increasing crash rate with increasing AADT at the study sites.

*The volume-crash relationship was plotted for other intersection types, using trend lines
for all-way stops, two-way stops, and signals on 2-lane at 2-lane roads in North Carolina.
The correlation between volume and crashes per year is relatively weak for all of the
intersection types (as shown by low R squared for all trend lines). Generally though it
seems that the safety performance of single lane roundabouts are as good as or better than
the other intersection types at comparable volumes.
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*The same volume-crash graphs were plotted for the small multilane roundabout data set,
as well as a group of signals with multilane approaches and two-way stops at similar
volumes. Again, the volume-crash relationship is relatively weak for the signal and two-
way stop group. Generally, though, it does not appear that the multilane roundabouts are
performing a great deal worse than the other intersection types at similar volumes. The
multi-lane roundabout trend line (with only 3 data points) is pretty comparable with the
others.

*The safety performance of multi-lane roundabouts should be re-examined as more are
installed in North Carolina.
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*It appears that the higher speed sites (those with speed limits at or greater than 45 mph)
experienced greater crash reductions than the lower speed sites, although both performed
well overall.

*The greater crash reductions at the higher speed limit sites may be due to this group
including more locations installed specifically for safety.
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*The after period average vehicle speeds at impact are about 15 mph, using the complete
listing of 54 sites.

*When looking at the before and after data, the most noticeable difference in speeds at
impact is in vehicle 2 speeds, which decreased by over 6 mph from the before to the after
period. Vehicle 2 is more often the not-at-fault vehicle, which under two-way stop or
signal control would be the through vehicles.

*There was a decrease and shortening of the interquartile range of speeds at impact,
which likely means that drivers are traveling slower and at more uniform speeds.
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The 2009 MUTCD states that the circular intersection sign may be used in advance
of the roundabout. If an approach has a posted speed of 40 mph or greater, the this
advance warning sign should be installed. This sign was introduced in the 2003
MUTCD.

A “Roundabout” plaque may be mounted below the sign.

The NCHRP Roundabout Guide discusses the use of the Circular intersection sign
and it’s benefits over previous warning signs, some of which are still in use in North
Carolina. The circular intersection sign is easily recognizable, provides the proper
direction of circulation, and can be universally used.

28




All intersections we studied had some form of advanced warning signs.
There is a wide variety in signing practices at roundabouts in North Carolina.

Field reviews were performed in 2010 to take an inventory of the signs used at
roundabouts. Above is a sample of the different types of signs used.

The numbers in white with each photo are the NCDOT Division in which the sign is
located. The * means that the sign is located at a municipal roundabout. All others
are on State maintained roads.
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The signing at roundabouts is inconsistent. The location above has two different types of
advanced warning signs on different approaches.
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Advisory speed plaques are currently allowed to supplement any warning sign per
MUTCD, including intersection warning signs like the circular intersection sign.

In the roundabouts studied, advisory speeds were used with the circular intersection
sign at 63% of sites (34 of 54 sites).
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The NCHRP roundabout guide discusses using advisory speed plaques at roundabouts
and states that it is difficult to define an appropriate advisory speed (text above). There is
no guidance on how the speed should be set (whether it be entering speed, through
movement speed, left turn speed, etc.)
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This study analyzed the relationship between crashes and posted advisory speed
limits.
The data was separated by ramp locations and locations with low and high approach

speed limits, where high speed is defined as sites with posted speed limits of 45 mph
or greater on at least one approach.

It appears that the average crashes/year/site is less at sites without advisory speed
limits than with, with a more noticeable difference at the ramp and high speed sites.
However, the crash frequencies are relatively low, regardless of the advisory speeds.

The range of posted advisory speed limits are listed in white on the bars.
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This plot demonstrates the pure magnitude of signage used at many roundabouts in
the State. Many of the signal lane roundabouts average 5 to 7 signs on each
approach (which equates to over 20 signs per roundabout).

The number of signs per approach was plotted with crashes per year at the single lane
roundabouts. Note that specific sign types were not examined because there are too
many different combinations of signs. When the data was broken into volume and
speed groups, there appeared to be little relation between the numbers of signs used
and total crashes per year.
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This is the NCDOT Typical layout of a rural roundabout with no pedestrian presence.
Optional signs are to be installed at the discretion of the Division Engineer.
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Above are some examples of signing and marking used at rural roundabouts in North
Carolina.
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This is the NCDOT Typical layout of an urban roundabout with pedestrian presence.
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Above are some examples of signing and marking at roundabouts with different types of
pedestrian accommodations in North Carolina.
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Additional photographs from roundabouts with pedestrian accommodations in North
Carolina. A couple things are amiss in these photos.
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Examples of curb ramps leading to the center of the roundabout.
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Above are several examples of bike lanes approaching roundabouts. In 3 of 4 locations
above the bike lane terminates prior to the roundabout.
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The chart above indicates the percentage [and number] of roundabouts with each
type of pavement marking.

A majority of locations have yield entry lines and/or dashed entry lines.

Also, over Y5 have marked pedestrian crosswalks.
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The following slides provide representative before and after collision diagrams for
each type of roundabout studied.

In several cases where the roundabout was installed for safety purposes and the
frequency of crashes was high in the before period, there were large reductions in
crashes after the roundabout was installed. In some cases there was no decrease in
crashes after installation, although crash types (and crash severity) changed.

The duration of the study time periods are listed on each diagram.
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A pattern developed at the ramp on the right. Keep in mind, however,
that this represents a six year time frame of data.
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The intersection of Hillsborough St and Pullen Rd in Raleigh, NC was converted to a
multi-lane roundabout in 2010. It was not included in the previous before and after crash study
because there was not enough after period data at the time the study was completed. The
following summarizes the crash data at this location 8 months after its installation. It isa

high volume location adjacent to NCSU that has experienced a high crash frequency

since the roundabout was completed.
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Aerial photographs before and after the intersection of Pullen Rd and Hillsborough St
was converted to a multi-lane roundabout. The configuration of adjacent intersections
changed as well.
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There was a 280% increase in crashes per year at the three intersections above using
8 months of after period data; however, the severity index of crashes decreased by
41%.

The numbers in red on the aerial photograph represent the total after period crashes
at each intersection.
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After period collision diagram of the Hillsborough St at Pullen Rd intersection (8
months)

The crashes were clustered in the southwest quadrant of the intersection, as shown
above.

Improvements have been made at this location prior to the start of the 2011 fall
semester (it is located near the NCSU campus), and crash data is being monitored.
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*Here again are the recommended crash reduction factors, which demonstrate a
substantial reduction in crashes at the North Carolina sites.

*These numbers use data from the overall group, regardless of whether the intersection is
rural, low volume and high speed or urban, higher volume and low speed. The overall
conclusion is based on the most expansive group to provide the widest scope possible.
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