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Chapter 1: Introduction
1.1 Background
The traffic circle, once regarded as a novel traffic control method, was first introduced in the
United States in 1905 by William Phelps Eno with the “Columbus Circle” in New York City
(1). By giving priority to entering vehicles, the design of the traffic circle naturally allows the
traffic flow to merge at higher speeds, which was thought to be a solution to traffic
congestion in metropolitan areas. However, the subsequently constructed traffic circles
resulted in a large increase in traffic crashes, and the high crash frequency led to more
congestion. Therefore, traffic circles fell out of favor in America after the middle of the
1950s (2). Meanwhile, the feedback on traffic circles from other countries was equally
negative, with an increased number of crashes and more congested locations (3). It was
thought that the traffic circle was not an effective and safe solution to meet the requirements

of growing traffic volume.

Having learned from these bad experiences, in 1966 the United Kingdom proposed the “give-
way” principle at all traffic circles (4). The main idea of the “give-way” rule is forcing the
entering vehicles to give way, or yield, to circulating vehicles. The traffic circle “lock-up”
problem was prevented by banning vehicles from entering the intersections until there were
sufficient gaps in the circulations. Additionally, designing an appropriate radius of curvature
was required in small traffic circles in order to slow the approaching vehicles’ speed and
mitigate the negative impacts often associated with the high speed of traffic volume in the
intersections. These two changes did improve safety effectiveness by reducing both the total

number and, particularly, the severity of crashes related to the traffic circles.
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The successfully improved traffic circles were the prototype of modern roundabouts. Over

time, more circular-sharped intersections appeared, such as rotaries or neighborhood traffic

circles. The key features that distinguish roundabouts from the wide range of circular-shaped

intersections are: 1) the yield control of entering traffic; 2) the channelized approaches; 3) the

appropriate geometric curvature to slow speeds (5). Figure 1 shows a typical roundabout,

with annotations of these key features.

Bicycle treatment

Counterclockwise
circulation

Circulato
road 24

........ "-. P ——
- - —
 — i — o - — o —
--------- _-.' (LN — i
Landscaping buffer
Spilitter island 4
Apron 2 Yield line

Accessible v ¥
pedestrian H] 2
crossing ‘B

FIGURE 1 Description of key roundabout features.

Roundabout performance in the U.S. and elsewhere in the world has been well-documented

(6). The benefits of a roundabout are twofold: improving traffic flow efficiency and reducing

the number and severity of crashes, particularly injury and fatal crashes. Properly designed, a
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roundabout can guide all vehicles operating at a lower speed while they negotiate the circle
for the intended exit approach. Also, as more maneuvering freedom is given to drivers, i.e.,
drivers decide when to enter an intersection, the human factor plays a bigger role in

roundabout operation than in other types of intersection traffic control (7).

Since the first roundabout was introduced to Lafayette, Louisiana 18 years ago, the traveling
public has gradually fallen in love with this type of intersection. There are currently more
than 30 roundabouts in operation statewide, and hundreds of roundabouts are in the planning
and designing stage. As proposed by the Lafayette Metropolitan Planning Organization, 176
roundabouts will be constructed in the city of Lafayette alone. Considering the state’s goals
for a “Zero Death Zone (8),” and with more roundabouts proposed for state and local
roadways in the future, it is important for the state to evaluate the roundabout operation

experience and its impact on roadway safety.

1.2 Scope of the Study

The locations of the 30 roundabouts in Louisiana which have been constructed or proposed
are shown in Figure 2. To minimize the effect of regression-to-the-mean, the safety
performance of 19 roundabouts that have been in operation for at least three years is
comprehensively analyzed, among the 30 roundabouts in this study. The roundabouts on the
new highways are excluded from this analysis due to the lack of previous years’ crash data

for comparison with post-construction data.
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Created by J. E. Mitchell, Ph. D, Louisiana Office of Technology
Services from data created by the LADOTD Data Collection and
Management Systems Section (Section 21).

FIGURE 2 Roundabout locations in Louisiana.

1.3 Objectives

By conducting a comprehensive safety performance analysis on the roundabouts, the specific

objectives are to:
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(1) Investigate the safety impact of each roundabout with before-and-after crash

characteristics analysis;

(2) Develop a crash modification factor (CMF) that matches the Louisiana experience;

(3) Estimate the safety benefit-cost performance of the roundabouts.

1.4 Thesis Outline

Chapter 1 is primarily an introduction about the roundabout. In chapter 2, the safety
performance of the roundabout in other research studies is presented in detail. Chapter 3
presents the data collection method, the data interpretation, and the information gained from
the data. In chapter 4, four intersections are selected as examples for presenting the pros and
cons of converting the intersections, previously controlled by different traffic facilities, into
the existing roundabouts. The before-and-after study using the empirical Bayes (EB) method
is discussed in detail in chapter 5. The research results and discussions can be found in

chapters 6 and 7.
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Chapter 2: Literature Review
2.1 Safety Performance of Roundabout
Roundabout safety performance has been well-documented. Many studies in the U.S.,
Europe, and Australia have found that the safety performance of roundabouts is better than
that of any other types of intersections (9-12). The reasons why roundabouts might improve

intersection safety may be summarized in the following three points:

(1) Roundabouts have fewer conflicting points than other traditional intersections,
particularly the single-lane roundabouts. The reduced number of conflicting points means a
smaller probability of crashes for road users. Figure 3 shows the different pattern of the
conflicting points between the traditional “T” intersections (with three approaches) and
roundabouts. Figure 4 reveals the difference of the conflicting points between traditional

cross intersections (with four approaches) and roundabouts.
—._%\k

— I TN\
i | TT
I
I

® Diverging

@ Merging
O Crossing

FIGURE 3 Conflicting points comparison for the “T” intersections (single-lane).
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@ Diverging

@ Merging
O Crossing

FIGURE 4 Conflicting points comparison for the cross intersections (single-lane).

(2) The physically geometric design of roundabouts helps in reducing both the absolute speed
and the relative speed of vehicles entering or circulating in the intersection. A lower absolute
speed allows for a longer reaction time in order to avoid potential crashes. The lower relative
speed mitigates traffic flow, which sharply reduces crash severity, compared with other

traditionally controlled intersections.

(3) Roundabouts are easier to navigate for pedestrians and bicycle riders, since they need
only cross one direction of traffic at a time at each approach, when they travel across the
intersections. In addition, the distances they need to cross are shortened by good design.
Figure 5 illustrates the comparison of the cross distances and conflicting points for

pedestrians and bicycle riders in the same intersection but with different designs.
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FIGURE 5 Vehicle-Pedestrian conflicting points at the traditional intersections and
roundabouts.

2.2 Characteristics of Roundabout-Related Crashes

The frequency of reported crashes occurring at roundabouts is not always lower than those
that take place at other types of intersections. However, by good design, the roundabout has
been proven to be an efficient traffic control method that significantly helps reduce the
severity of crashes (13). Particularly at small and medium capacity roundabouts, safety
performance is better than at large or multi-lane roundabouts (14). Diminishing the left turn
and head-on collisions, roundabouts also reduced the occurrences of right angle, right turn,
and sideswipe collisions. In general, crashes occurring at roundabouts tend to be less severe

than those at conventional intersections.

However, as more maneuvering freedom is given to drivers at roundabouts, i.e., drivers
decide when to enter an intersection, the human factor plays a bigger role in roundabout

operation than in other types of intersection traffic control. As a result, most crashes reported
8
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at roundabouts are cited as having been caused by drivers who “failed to yield” to the
circulating traffic on entry (15). It has also been reported that roundabouts produced 20%
more rear-end collisions and 27% more single vehicle collisions, which normally were
considered as less-severe minor injury crashes, compared to other types of collisions (16;
17). The same study indicates that younger drivers, between 16 to 24 years old, have a 50%
higher probability of being involved in rear-end and single vehicle crashes in roundabouts
than middle-aged and older drivers. Additionally, the research concluded that the proper
pavement marking at the approaching lane might significantly reduce the number of rear-end
collisions, and that the landscaped central island has a positive impact on reducing single

vehicle crashes and severity.

Considering that not all the roundabouts that were selected in the studies conform to the
geometric design and configuration standards, previous research does not yield similar
results. The Wisconsin roundabout studies published in 2011 (18) and 2013 (19) indicated
that even though roundabouts significantly reduced the severity of crashes from more than 50
roundabouts selected, a 38% reduction in injury and fatal crashes was found. The changes in
Property Damage Only (PDO) crashes varied by location and resulted in a 12% increase in
total crashes. The intersections with stop signs on minor roads had the largest reductions in
total and injury crashes after converting to roundabout. At the signalized and all way stop
intersection, the injury crashes dropped 59% and 51%, and the total crashes rose 5.5% and

23.5%, respectively.

2.3 Empirical Bayes Method on Roundabout Safety Analysis
A notable before-and-after study with the Empirical Bayes (EB) method comes from the
National Cooperative Highway Research Program (NCHRP) in 2007 (6). The NCHRP study

9
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collected data on 310 roundabouts from previous research conducted between 1997 and 2007
in the U.S. It included 6% roundabouts in rural areas and 94% in urban and suburban areas,
which previously were comprised of 9% signalized intersections, 51% one-way or two-way
stop intersections, and 10% all way stop intersections, with the remaining 30% being newly
constructed roundabout intersections. The study selected 55 roundabout locations that had
complete design and traffic volume information, as well as sufficient pre- and post-
construction crash data (before 3 to 7 and after 3 to 4 years). The total number of crashes
from all 55 roundabouts decreased 37% (from 1,159 to 726), which included a reduction of
59% in fatal crashes and a 76% reduction in injury. As the study revealed, the crash
reductions differed between the previous traffic control types. By utilizing the before-after
analysis method, the study showed the expected reductions in total crash and injury crash to
be 45% and 76%, respectively, for signalized intersections and 44.2% and 81.8%,
respectively, for stop sign on minor road intersections. For the all way stop sign intersections,
the total and injury crashes increased 3.3% and 28%, respectively. The first edition of
Highway Safety Manual (HSM) uses the results of this NCHRP study in computing the
roundabout CMF as 0.56 for total crashes and 0.18 for injury and fatal crashes for
roundabouts with a previous minor road stop control. For signalized intersections, the CMF
from the HSM is 0.52 for total crashes and 0.22 for injury and fatal crashes. For all way stop

intersections, the CMF from the HSM is 1.03 for total crashes.

From the above review, it is clear that the safety benefits of a roundabout can vary
significantly depending upon the previous type of traffic control and the study location.
There are inconsistent results between the different intersection traffic control types and land

use conditions. Roundabouts have been recognized as the most complex intersection design,

10

www.manaraa.com



requiring special design expertise and operation experiences. Very few of the previous
studies mentioned design factors in the performance evaluation. Considering Louisiana’s
unique roadway safety characteristics and needs, the evaluation of roundabout safety in the

installation of future roadway facilities is needed.

11
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Chapter 3: Data Analysis
3.1 Data Collection and Verification
The roundabout locations in Louisiana were obtained from the Louisiana Department of
Transportation and Development (LaDOTD). The LaDOTD currently lists 30 roundabouts in
operation in Louisiana. A review shows there are 24 roundabouts that are in place, and six
roundabouts are proposed but not constructed. In order to apply the before-and-after study,
19 of the 24 roundabouts, which have been in operation for at least three years, were selected
as the crash data source for this investigation. The basic information on these 19 locations is

listed in Table 1.

TABLE 1 Summary Information of Nineteen Roundabouts

. . . AADT

No. | Intersection Prior Traffic Control Type Before After
1 LA8LA28 @ US 171 Signalized (T to 4-way mixed lane) | 14,800 21,300
2 LA59 @ LA 36 Signalized (4-way) 23,400 25,267
3 LA 1091 @ Brownswitch Rd Signalized (4-way) 29,800 29,700
4 LA431 @ LA 42 Stop on minor road (T) 18,367 17,733
5 US 190 @ LA 434 Stop on minor road (T) 24,833 18,300
6 LA 93 @ St Mary/LA 3168 Stop on minor road (4-way) 11,617 12,100
7 LA 428 at Mardi Gras Stop on minor road (4-way) 6,133 6,000
8 E Milton/LA 92 @ Bonin Stop on minor road (4-way) 9,433 9,500
9 Lafayette/LA 89 @ Iberia/LA 92 Stop on minor road (T to 4-way) 18,300 22,833
10 Hector Connoly @ E Angelle Stop on minor road (T to 4-way) 13,000 13,500
11 E Fairfield @ S Morgan Stop on minor road (T to 4-way) 6,555 6,997
12 A 327 River Rd. @ LA 327 Gardere Stop on minor road (T to 4-way) 6,897 7,900
13 E Milton/LA 92 @ Chemin Metairie Stop on minor road (T to 4-way) 10,702 11,469
14 Chemin Metairie @ Viaulet Stop on minor road (T to 4-way) 800 800
15 E Milton/LA 92 @ Verot School/LA 339 All way stop (4-way) 40,533 35,033
16 Gloria Switch/LA 98 @ LA 93 All way stop (4-way) 22,400 23,767
17 Bonin @ Fortune All way stop (4-way) 7,277 7,277
18 LA 3158 @ Old Covington Rd All way stop(4-way) 8,333 9,300
19 LA 406 @ LA 407 All way stop(T) 20,833 22,500

One roundabout has a mixed lane configuration (50% single-lane and 50% multi-lane) and

the remaining 18 roundabouts are single-lane roundabouts. All of the 19 roundabouts are

12
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currently located in urban areas, based on the roadway information. Using Google Maps, it
can be ascertained that only a few roundabouts are located in suburban areas. However, the
LaDOTD database does not separate the suburban from the urban, probably because of the

dynamic change and expansion of suburban areas.

The previous intersections’ traffic control methods varied before they were converted to
roundabouts. The majority of these intersections (16 out of 19) had Annual Average Daily
Traffic (AADT) less than 25,000 and three of them had an AADT greater than 25,000. Based
on the FHWA design guideline (7), a one-lane roundabout is suitable for an AADT with less

than 25,000, and two lanes are acceptable for an AADT value between 25,000 and 45,000.

To accurately identify intersection crashes, the team did not just rely on the indicator of the
crash database (1 for an intersection-related crash and 0 for a non-intersection-related crash).
For each intersection, all crashes within a 500-feet radius were examined by reviewing the
crash narratives from the original crash reports to see if they were intersection-related or not.
The radius from the center of the intersection even went to 3,000 feet for one location that
experiences severe peak-hour traffic congestion. In a detailed review of more than 1,000
individual crash reports, it was possible to identify more intersection-related crashes and to
correct several crash coding errors. The original crash reports were a great source of
information which provided additional information concerning the what and the how of the
crash, as well as the driver (or road user) and environmental conditions occurring before,

during, and after a crash.

13
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3.2 Louisiana Crash Characteristics Analysis
The observed crash severities for each location before and after a roundabout project are

listed in Table 2.

TABLE 2 Observed Crashes by Severity Before and After Roundabout

Intersection Year* Fatal Crashes Injury Crashes | PDO**
Before | After Before | After | Before | After
LA 8 LA28 @ US 171 2011 1 0 18 12 13 55
LAS9 @ LA 36 2007 0 0 3 3 11 6
LA 1091 @ Brownswitch Rd 2012 0 0 8 2 12 25
LA 431 @ LA 42 2012 0 0 8 1 18 8
US 190 @ LA 434 2013 0 0 2 0 8 6
LA 93 @ St Mary/LA 3168 2013 0 0 9 3 26 7
LA 428 at Mardi Gras 2013 0 0 24 4 19 0
E Milton/LA 92 @ Bonin 2011 0 0 3 2 7 6
Lafayette/LA 89 @ lberia/LA 92 2012 0 0 1 0 5 8
Hector Connoly @ E Angelle 2012 0 1 0 1 0 3
E Fairfield @ S Morgan 2007 0 0 0 0 0 3
LA 327 River Rd. @ LA 327 Gardere 2011 0 0 1 0 2 0
E Milton/LA 92 @ Chemin Metairie 2008 0 0 0 3 1 16
Chemin Metairie @ Viaulet 2013 0 0 2 1 0 1
E Milton/LA 92 @ Verot School/LA 339 2011 0 0 8 8 26 29
Gloria Switch/LA 98 @ LA 93 2011 0 1 5 3 13 10
Bonin @ Fortune 2011 0 0 3 0 3 8
LA 3158 @ Old Covington Rd 2010 1 0 3 2 4 21
LA 406 @ LA 407 2010 0 0 1 2 1 0
Total 2 2 99 47 169 212

* Year = the year that roundabout construction projects started.

** PDO = property damage only crashes

As shown in Table 2, the number of fatal crashes remains the same. The two fatal crashes
occurring at two different roundabouts involved a single motorcycle running-off-roadway
(RORY); while the two fatal crashes occurring before the roundabout installations were right
angle collisions. There is a 52% reduction in injury crashes and a 25% increase in the PDO
crashes at the aggregated level. However, there are significant variations among individual

intersections, particularly among the intersections with different previous traffic control

types.

14
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By dividing the 19 intersections into three categories based on their previous traffic control

type, Table 3 shows some patterns in the changes of the crashes.

TABLE 3 Changes of Crashes by Prior Traffic Control Type

. Changes in
Categories Type of Prior Year of ?2;1995 n Number and
Traffic Control Construction Crashes Percentage
by Group
Signalized (T to 4-way mixed lane)* | 2011 +35
1 Signalized (4-way) 2007 -5 +37 (+56%)
Signalized (4-way) 2012 +7
Stop on minor road (T) 2012 -17
Stop on minor road (T) 2013 -4
Stop on minor road (4-way) 2013 -25
Stop on minor road (4-way) 2013 -39
Stop on minor road (4-way) 2011 -2
2 Stop on minor road (T to 4-way) 2012 +2 -62 (-46% )
Stop on minor road (T to 4-way) 2012 +5
Stop on minor road (T to 4-way) 2007 +3
Stop on minor road (T to 4-way) 2011 -3
Stop on minor road (T to 4-way) 2008 +18
Stop on minor road (T to 4-way) 2013 0
All way stop (4-way) 2011 +3
All way stop (4-way) 2011 -4
3 All way stop (4-way) 2011 +2 +16 (+24%)
All way stop (4-way) 2010 +15
All way stop (T) 2010 0
Total Change -9 (-3%)

* “T is the three approaches intersection, “4-way” is the four approaches cross intersection.

It is clear that the 11 roundabouts previously controlled by stop signs on minor roads
experienced the best safety benefits, particularly for the five roundabouts with no layout
changes (the same number of approaches before and after). The results of the other two
groups are not consistent. In this case, the roundabouts previously controlled by stop signs on
minor roads are classified in two groups by their alignment design, with or without the layout

change.

15
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Table 4 lists the changes in crash severity by four groups categorized by the previous type of
traffic control and alignment design. The fatal crashes are not listed because the sample size
is too small to be analyzed (2 before, 2 after). Three groups had an injury crash reduction.
The best safety performance for the group was found in the intersections with stop sign on
the minor road without layout change. Table 5 shows the changes by the type of crash and

group. The angle crash in Table 5 includes: right-angle crash, right turn crash, and sideswipe

crash.
TABLE 4 Changes in Severity of Crashes by Group
Number of Injury Crashes PDO Overall
Intersections | Previous Traffic
in Each Control Before | After | Change | Before | After | Change | Change
Group
3 Signalized 29 17 | -41% 36 86 | +139% | +56%
(Group 1)
Stop Sign on Minor
5 Road withoutLayout | 46| 19 | 78% | 78 | 27 | -65% | -70%
Change
(Group 2)
Stop Sign on Minor
6 Road with Layout 4 5 | +25% | 8 31 | +287% | +208%
Change
(Group 3)
5 All Way Stop 20 15 | -25% 47 68 | +45% | +24%
(Group 4)

16
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TABLE 5 Changes in Type of Crashes by Group

Previous Traffic Angle-Crash Rear-End Single-Vehicle
Control Before | After | Change | Before | After | Change | Before | After | Change
Signalized 35 72 | +106% | 24 16 | -33% 7 15 | +114%
(Group 1)

Stop Sign on Minor Road

without Layout Change 83 11 -87% 29 16 -45% 12 10 -17%
(Group 2)

Stop Sign on Minor Road

with Layout Change 6 11 83% 2 12 +500% 4 12 +200%
(Group 3)

All Way Stop o5 | 18 | 28% | 31 | 39 | +26% | 10 | 27 | +170%
(Group 4)

Overall 149 112 -25% 86 83 -3% 33 64 +94%

In general, the safety benefit of a roundabout comes from the reduced operating speed of
vehicles, the changed traffic control method for the conflicting flow, and the reduced number
of conflicting points compared to the prior type of traffic control methods. Intersections with
stop sign on the minor street experienced the biggest reduction in number of conflicting
points. Signalized and all way stop intersections handle the conflicting points by signals and
right-of-way rules. After an intersection is converted to a roundabout, drivers have the
freedom to decide when to enter an intersection. More freedom comes with more

responsibility.

The initial results show a large crash increase in Groups 1, 3, and 4, which somewhat
indicates that not all drivers handle the added freedom of the roundabout properly in
intersections that were previously controlled by signals and stop signs. The poor performance
of group 3 may also be explained by an increased number of conflicting points, which will be
discussed more later. In summary, the above Louisiana crash characteristics analysis reveals

the following:

17

www.manaraa.com



(1) Roundabouts reduced the injury crashes significantly because of the elimination of left
turn and head-on collisions and reduced right-angle, right turn, and sideswipe collisions

(Table 2 and 4);

(2) Single vehicle running off roadway crashes increased significantly in the three

underperforming groups (Table 5);

(3) The prior type of traffic control used makes a big difference in crash change by severity

and type (Table 4);

(4) Roundabouts produced the biggest safety benefit in every aspect for intersections with

stop sign on minor roadways without layout change (Table 4 and 5).

Two questions arose from the initial findings. 1) Is the prior type of traffic control solely
responsible for roundabout safety performance? 2) Should the state DOTD (the Department
of Transportation and Development) reconsider converting a signalized or an all way stop
sign-controlled intersection to a roundabout only for safety improvement? Considering the
inconsistent results within the same traffic control group, an in-depth investigation on each
intersection was conducted to explore other potential compounding factors, producing more

interesting and even intriguing site-specific observations.
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Chapter 4: In-Depth Research
One intersection from each of the four groups that had the largest crash increase, in both the
absolute numbers and percentage of crashes, is selected for discussion in this paper. One
roundabout from Group 4 (which was all way stop sign controlled previously) is selected to
investigate the reason for an increased number of single-vehicle crashes. One roundabout
from Group 1 (traffic signal controlled previously) is selected to analyze how the additional
approaching lane impedes the safety performance of roundabouts. One roundabout from
Group 3 illustrates how the land use change can increase the traffic volume and further affect
safety performance at the intersection. Finally, one roundabout from Group 2 with the
greatest reduction in the number and severity of crashes is selected for a detailed

investigation to determine the reasons for its good safety performance.

4.1 Effect of Lighting Condition

As shown in Table 6, clearly there is a problem at night for the vehicles negotiating the
roundabouts in Group 3 and Group 4. The number of crashes occurring at night increased
600% and 100% for intersections in Groups 3 and 4, respectively. When only considering the
single vehicle running out of the roadway (ROR) crashes, the number increased 400% for
Group 1 and 3, and 450% for Group 4. The total crashes occurring for all groups of
intersections increased 13.2% during the daytime and 19.8% at night. However, the pattern is
different when looking into the total ROR crashes. The ROR crashes increased 46.2% in
daylight conditions, and sharply rose by as much as 207% for nighttime conditions.
Additionally, in Group 4, the roundabouts converted from all way stop sign controlled

intersections, all five roundabouts have no streetlight.
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TABLE 6 Changes in Total Crashes and ROR Crashes by Lighting Condition

. Single vehicle ROR Street Light

CR;?;ISSabout Daylight Dark Daylight Dark Installed
Before | After | Before | After | Before | After | Before | After | (Yes/ No)

Group 1 42 81 24 22 3 9 1 5 All Yes
Group 2 90 23 34 14 5 4 7 6 3 Yes; 2 No
Group 3 9 16 3 21 0 1 2 10 | 3Yes;3No
Group 4 48 44 20 40 5 5 4 22 | All No
Overall 189 164 81 97 13 19 14 43 | 9 Yes; 10 No

In this case, in order to investigate why the number of single vehicle crashes increased, the
crashes were reviewed with lighting condition. By further reviewing crash narratives and
diagrams, it was determined that these single vehicle crashes were caused by drivers not

recognizing the existence of the roundabout at night. One typical example is shown in Figure

6, where LA 3158 intersects with Old Covington Road.

FIGURE 6 Before-and-after images of LA 3158 at Old Covington Hwy. roundabout.

This is a roundabout converted from an all way stop sign controlled intersection with the

AADT less than 10,000. The basic crash information is listed in Table 7.
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TABLE 7 Before-and-After Crash Information of LA 3158 at Old Covington Hwy.
Intersection

Crash Intersection Crashes

rash Type Before After After-after

Total Crash 8 23 15

Fatal 1 0 1

Severity Injury 3 2 1

PDO 4 21 13

Single Vehicle 0 9 8

.. Rear-end 5 9 5

Manner of collision Head-on 1 0 0

Angle Crash 2 5 2

. . Daytime 5 14 6

Lighting condition Dark 3 9 9

Heavy Truck 0 2 0

Motorcycle 1 1 1

Alcohol/Drug 1 2 5

Distracted Driver 0 1 1

The traffic volume increased from 8,333 vehicles per day to 9,300 vehicles per day. From
Table 7, total crashes increased from 8 to 23 after the conversion to roundabout. Fatal crashes
were eliminated in the first three years (2011-2013) with the roundabout, but were observed
again during the period from the 4" year to the 6" year (from 2014 to 2016). The injury
crashes show a constant decreasing trend (from 3 to 2 to 1). The crash rate increased from

0.88 (in 2007-2009) to 2.26 (in 2011-2013) and reduced to 1.44 (in 2014-2016).

The number of crashes at this roundabout increased 188% while the traffic volume only
increased by 12%, and ROR crashes increased from zero to nine in the first three years
(shown in Figure 7), and to eight, including one fatal motorcycle crash (shown in Figure 8),
between the 4th and the 6th year in operation. It was found that all 17 (nine plus eight in the
six roundabout operation years) ROR crashes occurred at night. Without traffic light

installment, the proportion of crashes occurring in the dark increased from 38% to 39% to
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60%, which is indicative of a poor visibility problem. It is possible that, before the
roundabout, a few careless or aggressive drivers did not stop at night when passing through
the intersection, with crashes due to the low traffic volume. The roundabout has not been

compatible with bad driving behavior at this intersection.
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FIGURE 7 Nine ROR crashes at LA 3158 at Old Covington Hwy. roundabout during 2011 to
2013.
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FIGURE 8 Fatal ROR crashes at LA 3158 at Old Covington Hwy. roundabout in 2015.

As indicated by the CMF published in the first edition of HSM, intersection lighting provides
visibility for motorists, thus reducing, if not eliminating, the number of ROR crashes at night.
Based on the FHWA roundabout design guild book (7), intersection lighting is not mandatory
outside city limits due to its significant installation cost. However, in this case, the
roundabout should be well-signed to provide precise information at night. The FHWA
roundabout design guild book states, in Section 7.3.1.3, “The use of reflective pavement
markers and retroreflective signs (including chevrons and the ONE-WAY signs) should be
used when lighting cannot be installed in a cost-effective manner.” A flashing warning light
was installed at this site, but it is the only intersection that installed a flashing warning light
at the approach to the roundabout. However, the warning light is still inadequate for reducing

bad lighting conditions related to crashes, as seen in the crash data from before and after the
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roundabout construction. Sufficient lighting could most likely help drivers to avoid ROR

crashes.

4.2 Effect of Layout Design

For intersections with a number of approaches increasing from three to four, and with a stop-
sign controlled system (on minor road) before, the observed crash reduction is not as great as
that in the group without the change in number of approaches. It is worthwhile to note that
enhancing connectivity and intersection capacity was the main motivation for roundabout
conversion. In other words, these roundabouts were not built for safety improvements. It may
not be fair to compare the safety of a three-leg intersection with a four-leg intersection
because of the increased number of conflict points. As a matter of fact, changes in the
number of conflicting points could, to a certain degree, explain the difference in crash
reduction or increase among the four groups. Table 8 lists the changes in the number of
conflicting points and their control mechanism at each intersection before and after the

roundabout conversion.
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TABLE 8 Number of Conflicting Points and Control Mechanism Before-and-After

Before After
Roundabout ber of ber of
No. * Number o Number o
conflicting Controlled by conflicting Controlled by
points points
Diverging: 3 Diverging: 7
Merging: 3 Traffic signal with LT Merging: 10
1 - 2
Crossing: 3 phase Crossing: 4
Total: 9 Total: 21
Diverging: 8 Diverging: 4
5 Merging: 8 Traffic signal with LT Merging: 4
Crossing: 16 phase Crossing: 0
Total: 32 Total: 8
Diverging: 8 Diverging: 7
3 Merging: 8 Traffic signal with LT Merging: 8
Crossing: 16 phase Crossing: 0
Total: 32 Total: 15
Diverging: 3 Diverging: 3
4,5,6 Merging: 3 . . Merging: 3 Yield sign
(T) Crossing: 3 Stop sign on minor road Crossing: 0
Total: 9 Total: 6 control at
Diverging: 8 Diverging: 4
7,8 Merging: 8 . . Merging: 4 entrance
(4-way) Crossing: 16 Stop sign on minor road Crossing: 0
Total: 32 Total: 8
Diverging: 3 Diverging: 4
9,10,11,12, Merging: 3 . . Merging: 4
13,14 —= Stop sign on minor road =
(T to 4-way) Crossing: 3 Crossing: 0
Total: 9 Total: 8
Diverging: 8 Diverging: 4
15, 16,17,18 | Merging: 8 Merging: 4
(4-way) Crossing: 16 All way stop Crossing: 0
Total: 32 Total: 8
Diverging: 3 Diverging: 3
19 Merging: 3 Merging: 3
(T) Crossing: 3 All way stop Crossing: 0
Total: 9 Total: 6

* The No. code for each roundabout is consistent with Table 1.

Installation of a roundabout generally reduces the number of conflicting points. However, the
intersections with the same initial traffic control (stop sign on minor road) but with a changed
layout (three approaches before and four after roundabout conversions) did not gain the same
safety benefit because of the smaller reduction in conflicting points (only a reduction of nine
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to eight), as shown in Figure 9. All intersections had a reduction in the number of conflicting
points except intersection 1. The results in Table 8 explain why intersection 1, which
previously used a traffic signal to separate all conflicting flows, experienced more than a
50% crash increase. This increase is attributed to the greater number of conflicting points
currently controlled by yield signs. Roundabouts should eliminate all crossing conflicting
points, but the design of intersection 1 did not. The intersections with the same initial traffic
control (stop sign on a minor road) but with a changed layout (three approaches before and
four after roundabout conversions) did not gain the same safety benefit because of the

smaller reduction in conflicting points.

Before

@ Diverging
@ Merging
O Crossing

FIGURE 9 Change of conflicting points at intersection with layout change.

Following the same argument, the increased crashes at the signalized intersection could be
explained by changes in the number of the conflicting points. The intersection from Group 1

that experienced the highest crash increase —from 32 to 67 — is shown in Figure 10. This
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intersection was changed from a three-approach to a four-approach intersection because of a

new supermarket at the west-north corner.

BEFORE |

FIGURE 10 Before-and-after images of LA 8/28 at US 171 intersection.

Several elements in this roundabout violate the common roundabout design guidelines. First,
it has a mixed number of lanes (50% single-lane and 50% multi-lane), which causes
confusion even with the pavement marking showing that the inner lane is for through and
left-turn vehicles. When entering the roundabout from the left, highlighted in red, left-turn
vehicles must make a quick and correct decision to swiftly move to the inner lane in a very
short distance, if drivers can recognize the lane assignment — which is very difficult since
there is no sign or pavement markings. The outer lane is designated (and marked) for through
traffic. The geometric design significantly increases, rather than reducing, the conflicting

points in this location, as shown in Figure 11.
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FIGURE 11 Illustration of conflicting points at intersection of LA 8/28 and US 171.

According to the basic crash information in Table 9, the confusing geometric design is not
helpful for large vehicles; crashes in which drivers were at fault increased by 200%. Through
reading the crash report narratives, it can be deduced that these crashes all occurred at the
curve when shifting from the single lane to the outer lane (north-/southbound) to exit the

roundabout. However, the “shifting lane” behaviors are unnecessary: the large-vehicle
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drivers were confused by the mixed-lane design in this roundabout and failed to negotiate

with the curvature radius.

TABLE 9 Before-and-After Crash Information at Intersection of LA 8/28 and US 171

Intersection Crashes

Crash Type Before After After-after
Total Crash 32 67 40
Fatal 1 0 0
Severity Injury 18 12 8
PDO 13 55 32
Single Vehicle 4 13 1
- Rear-end 12 9 3
Manner of collision Head-on 0 0 0
Angle Crash 16 45 36
_ . Daytime 22 59 31
Lighting condition Dark 10 3 9
Heavy Vehicle 3 9 9
Motorcycle 0 1 1
Alcohol/Drug 4 1 0
Distracted Driver 1 1 1

Figure 12 also shows that there are severe sight distance problems for entering vehicles from

the north and south approaches. The angle between the exiting and entering vehicles makes

the maneuver extremely challenging, particularly for the entering vehicles on the right lane.

This explains why there were so many “Failed to Yield” citations (increased from 16 to 45

after roundabout installation) issued at these entrances. The FHWA roundabout design

guidelines specifically state that “Yield lines should be located along the inscribed circle at

all roundabouts except mini-roundabouts” (7).

Since the AADT in this intersection is still below the FHWA recommended AADT, 25,000

for a multi-lane roundabout, this intersection could be designed as a single-lane roundabout

by merging a two-lane roadway to a one-lane roadway before approaching. This design has
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been approved for its best safety performance. The detailed information is presented in

Section 4.3.

FIGURE 12 The substandard entrance layout design and number of “fail-to-yield” citations
issued at entrances.

4.3 The Best Safety Performed Roundabout by Merging Lane
The roundabout located at the intersection of LA 428 and Mardi Gras Blvd. (shown in Figure
13) was previously controlled by a stop sign on the minor road. The before-and-after crash

information is listed in Table 10. The traffic volume (AADT) slightly decreased from 6,133
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to 6,000 vehicles day. Shown in the table, the total crashes rapidly decreased from 43 to 4,

with a huge reduction of injury crashes, also, from 24 to 4. All other types of crashes were

reduced.

FIGURE 13 Before-and-after images of LA 428 at Mardi Gras Blvd. roundabout.

TABLE 10 Before-and-After Crash Information at Intersection of LA 428 at Mardi Gras

Blvd
Intersection Crashes

Crash Type Before After
Total Crash 43 4
Fatal 0 0
Severity Injury 24 4
PDO 19 0
Single Vehicle 0 1
- Rear-end 1 1
Manner of collision Head-on 0 0
Angle Crash 42 2
_ . Daytime 28 2
Lighting condition Dark 5 >
Heavy Vehicle 1 0
Motorcycle 0 0
Alcohol/Drug 1 0
Distracted Driver 1 0

It can be deduced that the angle crash decreased from 42 to 2 due to the successful design.

This intersection was formerly a wide intersection with a boulevard, having increased risks of
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producing more angle crashes. However, after it was converted to a roundabout intersection,
at about 300 feet before entering the roundabout from northbound and southbound directions
on LA 428, the number of lanes merged from two to one (in Figure 14). This merge lane
located before the approaching lane prevents construction of a multi-lane roundabout and
sequentially narrows the wide space in this intersection location, resulting in a significant

reduction in the number of conflicting points in this intersection.

= ___..w_.f_m,\

-

~ \,

FIGURE 14 Merging lane before the entrance of roundabout.

4.4 Effect of Land Use Development

The intersection of LA 92 and Chemin Metairie Road experienced the largest crash increase
in Group 3. The land use surrounding all six intersections in this group has changed,
particularly at this location, which was the justification for increasing the number of
approaches from three to four with the roundabout. The southbound extension of the minor
roadway made the intersection an important gateway to a rapidly growing community at the
time of the roundabout construction. After the roundabout construction, this minor road also
became a major connector linking the newly developed township (beyond the scope of the
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picture, Figure 15) to a major metropolitan arterial highway (Ambassador Parkway). The
crashes increased from 1 to 19 in the first three years of roundabout operation while the
official AADT only increased 15%. The total number of crashes increased from 19 to 21
between the first and second three years of roundabout operation, but injury crashes were
reduced from 3 to 1 during the same time periods. The most alarming fact is that the crashes
occurring at nighttime kept increasing between the first and second three years’ period of
roundabout operation. This roundabout has no streetlight. It is possible that the actual AADT
on Chemin Metairie Road is much higher than the official AADT obtained from the local
road. It is reasonable to assume the changes in land use and road functionality are mainly
responsible for the crash increase. However, without an accurate traffic count, it is hard to

quantify the impact of increased traffic volume.
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FIGURE 15 Land use development around intersection of E. Milton Ave./LA 92 at Chemin

Metairie Rd. before-and-after years.
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Chapter 5: Methodology
5.1 Crash Modification Factor (CMF) Development
The well-accepted Empirical Bayes (EB) method was used to develop the CMF. The CMF is
used to precisely describe the safety change between the before and after periods by
considering the regression-to-the-mean effect while normalizing changes in AADT, type of
traffic control, number of approach lanes, and different area setting (20-23). In this study, the
CMF was determined for 11 of the 19 roundabouts. The 11 roundabouts were converted from
the stop sign on minor road controlled intersections, and all 11 roundabouts are single lane
roundabouts. The remaining eight roundabouts from the other two groups (signal controlled
or all way stop controlled) was not considered to develop the CMF since they do not show a
crash reduction at the aggregate level, and had variations within the group due to the
differences in design and operating conditions among the roundabouts in the same group.
Thus, it is important, or maybe even critical, to conduct an in-depth analysis at the
disaggregate level when developing the CMF for a complex crash countermeasure, such as a
roundabout, to avoid the potential risk of deriving a CMF that does not reflect the situation

accurately.

The safety improvement of an intersection after its conversion to roundabout can be

calculated with the following equation:

N
Safety Improvement = —22erved: after (1)

Nexpected, after

where,
Nobserved, arter = the observed number of crashes that have occurred at the converted
roundabout in the after years.
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Nexpectea, after = the expected number of crashes would have occurred at an intersection
without the roundabout conversion in the after years.

The only varied characteristic between expected number of crashes before and after years

without roundabout conversion is the traffic volume, S0 Neypected, after Can be derived from

Nexpectea, before With the factors indicating the traffic volume difference.

In accounting for regression-to-the-mean effect, Neyxpectea, perore 1S the weighted average

from two crash numbers:

Nexpected, before — w; X Npredicted, before + (1 - Wi) X Nobserved, before (2)

where,

Nexpectea, pefore = the number of crashes expected at an intersection before conversion to
roundabout;

Npreaicted, pefore = the prediction number of crashes calculated from the intersection with
similar traffic and alignment characteristics;

Nobserved, before = the number of crashes observed at an intersection before conversion to
roundabout;

w;= weighted adjustment to be placed on the predictive model estimate for each intersection.

The safety performance function (SPF) of the previously controlled by stop on minor road
intersections was applied to estimate the weights (w) and the number of crashes expected at
an intersection (Nexpectea, before)- 1he SPF is a statistical model that predicts the mean crash
frequency for similar locations with the same characteristics, which include traffic volume,

traffic control type, geometric design, etc.

5.2 Evaluate the Predictive Value
The 11 roundabouts analyzed in this study were all installed at urban areas. The predictive

models for these locations can be presented in the following equations:
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Nspf = Nipe + Nped + Npike (3)

Nipe = Nsingle + Niuiei (4)

where,

N, ¢ = predicted number at an intersection crash in a specific year;

N;nt= predicted number of intersection crashes in a specific year (excluding vehicle-
pedestrian and vehicle-bicycle collisions);

Npq = predicted number of vehicle-pedestrian collisions at an intersection in a specific year;
Npire = predicted number of vehicle-bicycle collisions at an intersection in a specific year;
Ngingie = predicted number of single-vehicle crashes at an intersection in a specific year;

Npwaei = predicted number of multiple-vehicle collisions at an intersection in a specific year.
The SPF for single vehicle crashes and multiple-vehicle collisions uses the following

equations:

Nsingle — expas+bsxln(AADTMajor)+cs><ln(AADTML-m,T) (5)
Npsi = expam+bmxln(AADTMajor)+cm><ln(AADTML-nOT) (6)
where,

AADT,,,;,r = average annual daily traffic volume (vehicles/day) of the major approach road
at an intersection in a specific year;

AADT,,;in0r = average annual daily traffic volume (vehicles/day) of the minor approach road
at an intersection in a specific year;

as, b, ¢ = regression coefficients for a single vehicle (from the HSM table 12-10);
Am, b, cm = regression coefficients for multiple vehicles (from the HSM table 12-12).

The SPF for vehicle-pedestrian collisions and vehicle-bicycle collisions use the following

equations:
Nped = fped X Nint (7)
Npike = foike X Npike (8)

37

www.manaraa.com



where,
fpea = Pedestrian crash adjustment factor (from the HSM table 12-16);
frike = bicycle crash adjustment factor (from the HSM table 12-17).

The Npregictea 1S the summary of N, for the n™ year during the before and after conversion

period. In this study, three years were used for each period:

Npredicted, before = Zbefore years Nspf (9)

Npredicted, after — Zafter years Nspf (10)

5.3 Evaluate the Expected Value

As discussed in equation (2), the expected number of crashes without roundabout installation
(in the before period) can be derived from the weighted average of the predicted and
observed number of crashes. The weighted adjustment parameter can be derived from the

following equation:

_ 1 (11)
1+ Npredicted X k

w

where,

w = weighted adjustment to be placed on the predictive model estimate;

k = over dispersion parameter of the associated SPF used to estimate Ny,¢gicteq (from HSM
table 12-10 and table 12-12)

It is noted that with the increment of the over dispersion parameter, the weighted adjustment

factor decreases; thus, more emphasis is placed on the observed crashes rather than the SPF
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predicted crash frequency. The adjusted value of the EB Neypectea, after» @Nd its variance

Nexpectea, arteriS Calculated by the following equations:

Npredicted, after (12)

Nexpected, after = Nexpected, before X N.
predicted, before

Var(Nexpected, after) (13)

_ Npredicted, after
- Nexpected, after X N
predicted, before

X (1—w)

5.4 Evaluate the CMF and Variance of CMF
The CMF and its variance can be calculated from the following equations (14) and (15),

combined with equation (1):

Safety Improvement (14)

CMF =
Var (Nexpected, after)

1+
(Nexpected, afl:er)2
1 + Var(Nexpected, after)
Nobserved, after (Nexpected, after)z (15)

Var(CMF) = (CMF)?
Var (Nexpected, after) ?

(Nexpected ,after) 2

5.5 CMF by EB Method Calculation

Table 11 enlists the value of CMF, standard deviations, and 95% confidence interval (CI) of
the CMF for 11 roundabouts using this EB method. A more detailed calculation table can be
found in the Appendix. The highest value of CMF is 7.41 and the lowest is 0. The wide range

of CMF indicates that the result is not accurate enough to evaluate the safety performance. In
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order to investigate the effect of alignment design on the safety performance, the CMF were
derived specifically from 5 of the 11 roundabouts, which were converted from the
intersections controlled by stop sign on minor road without the layout change, and have
much smaller variances. The results are listed in Table 12. For five roundabouts, the CMF
values range from 0.21 to 0.83. The 95% values are lower than 1 in most cases except in one

location.

The estimated CMF of these five roundabouts is 0.28, which is recommended to be used for
the engineers when analyzing the roundabouts converted from the stop on minor road
controlled intersections (without layout change) in the future. The CMF derived from 11
roundabouts is also reliable, but not as accurate as the CMF derived from the specific 5
roundabouts (without layout change). EB methods offer a certainty in crash reduction based
on our analysis. As shown in Table 11, CMFs are impressive, which are derived from the 11
roundabouts converted from the stop sign on minor road controlled intersections, where the
expected crash reduction in this group can be 46% (CMF is 0.54). When specifically
considering the five roundabouts without the layout change in this group, as can be found
from Table 12, the expected crash reduction is 72% (CMF is 0.28), which is much higher
than that found in the NCHRP study. The higher CMF value indicates that the roundabouts in
Louisiana that were converted from the intersections with stop sign on minor road perform

better than the statewide roundabouts in terms of improving intersection safety effectiveness.
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TABLE 11 CMF for All 11 Roundabouts Converted from Stop Sign on Minor Road

Controlled Intersections

Roundabout CMF Var(CMF) | S.D.(CMF) | 95% of CMF
LA431 @ LA 42 0.39 0.021 0.144 (0.10, 0.68)
Chemin Metairie Rd.@ Viaulet Rd. 2.57 3.091 1.758 (0, 6.08)
US 190 @ LA 434 0.83 0.147 0.384 (0.06, 1.59)
LA 93 @ St Mary/LA 3168 0.20 0.005 0.069 (0.06, 0.34)
LA 428 @ Mardi Gras Blvd. 0.21 0.011 0.105 (0,0.41)
E. Milton Rd. /LA 92 @ Bonin Rd. 0.23 0.009 0.096 (0, 0.52)
Lafayette Rd./LA 89 @ lberia Rd./LA 92 0.84 0.143 0.378 (0,1.97)
Hector Connoly Rd.@ E. Angelle Rd. 2.44 1.863 1.365 (0, 6.54)
E. Fairfield Rd.@ S. Morgan Rd. 1.86 1.288 1.135 (0, 5.26)
E. Milton Rd./LA 92 @ Chemin Metairie Rd. 7.41 12.6 3.550 (0, 18.06)
LA 327/ River Rd. @ LA 327/ Gardere Rd. 0 0 0.002 (0,0.01)
Overall 0.51 0.006 0.075 (0.28,0.73)

TABLE 12 CMF for 5 Roundabouts Converted from Stop Sign on Minor Road Controlled

Intersections without Layout Change

Roundabout CMF Var(CMF) | S.D.(CMF) | 95% of CMF
LA 431 @ LA 42 0.39 0.021 0.144 (0.10, 0.68)
US 190 @ LA 434 0.83 0.147 0.384 (0.06, 1.59)
LA 93 @ St Mary/LA 3168 0.20 0.005 0.069 (0.06, 0.34)
LA 428 @ Mardi Gras BIvd. 0.21 0.011 0.105 (0, 0.41)

E. Milton Rd. /LA 92 @ Bonin Rd. 0.23 0.009 0.096 (0, 0.52)
Overall 0.28 0.0029 0.054 (0.12, 0.45)
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Chapter 6: Benefit / Cost Performance Analysis

Based on the LaDOTD information, the cost of crashes according to the crash severity is

listed in Table 13. This information is provided by the Highway Safety Research Group in

2016.

TABLE 13 Louisiana-Specific Cost of Crashes by Severity

Crash Severity Crash Cost

Fatal $1,710,561
Severe Injury $489,446
Moderate Injury $173,578
Complaint Injury $58,636
PDO $24,982

Table 14 lists the injury crashes by injury level used in the Louisiana crash report. The

benefit calculation is the same as with other countermeasures studied in this project.

TABLE 14 Changes in Number of Crashes by Injury Types

Previous Traffic Severe injuries | Moderate injuries | Complaint injuries Total

Control Before | After | Before After Before After Before | After

Signalized 0 0 7 4 22 13 29 17

Stop on Minor road 0 0 4 1 42 9 6 10

(No layout change)

Stop on Minor road

(Layout change) 0 0 1 3 3 2 4 5

All way Stop 1 0 1 1 18 14 20 15

Overall 1 0 13 9 85 38 99 47
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The design-construction cost of a roundabout varies between $555,000 and $1.2 million

dollars, based on the data from LaDOTD and other local government agencies. The Benefit /

Cost (B/C) ratio is listed in Table 15 by group, and in Table 16 by intersection. Due to the

crash increase, there is no benefit in the signalized group, and B/C is less than one for other

groups (0.26 and 0.91 for all way stop and stop on minor road, respectively). However, the

long-term B/C ratio will be greater than 1 because of sustainable crash reduction in injury

crashes. It is also worthwhile to note that traffic benefit and savings from traffic signal

maintenance are not included in the calculation.

TABLE 15 Benefit / Cost Ratio Estimation by Previous Control Type

Previous Traffic Control Benefit from crash reduction Cost of Project Benefit/Cost
Signalized -$200,642 $3,882,000 0
Stop on Minor road (No layout
change) $3,729,804 $4,103,127 0.91
Stop on Minor road (Layout i

change) $863,106 $3,900,000 0

All Way Stop $199,368 $3,524,000 0.06
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TABLE 16 Benefit / Cost Ratio Estimation by Each Roundabout Project

_ I_3e_nefit from Benefit. fro.m Cost of _
Intersection injury c_rash reduction in Project B/C Ratio
reduction PDO crashes

LA8/LA28 @ US 171 $696,642 -$1,049,244 $2,070,000 0
LA59 @ LA 36 -$114,942 $124,910 $842,000 0.01
LA 1091 @ Brownswitch Rd. $466,758 -$324,766 $970,000 0.14
LA431 @ LA 42 $410,452 $249,820 $1,200,000 0.55
US 190 @ LA 434 $117,272 $49,964 $1,000,000 0.17
LA 93 @ St Mary/LA 3168 $466,758 $474,658 $550,000 1.71
LA 428 @ Mardi Gras Blvd. $1,402,604 $474,658 $793,127 2.37
E. Milton Rd. /LA 92 @ Bonin Rd. $58,636 $24,982 $560,000 0.15
cafayette RA/LA 89 @ lheria $58,636 $74,946 $800,000 0
:g.cmr Connoly Rd.@ E. Angelle $58,636 $74,946 $850,000 0
E. Fairfield Rd.@ S. Morgan Rd. $0 -$74,946 $550,000 0
é?rggg F'?é‘_’er Rd. @LAS32H $58,636 $49,964 $700,000 0.16
= pition Rd/LA 92 @ Chemin $405,792 $374,730 $450,000 0
Chemin Metairie Rd.@ Viaulet Rd. $58,636 -$24,982 $550,000 0.06
EaMilton/LA 92 @ Verot School $0 $74,946 $1,100,000 0
Gloria Switch Rd. /LA 98 @ LA 93 $117,272 $74,946 $579,000 0.33
Bonin Rd. @ Fortune Rd. $290,850 -$124,910 $539,000 0.31
LA 3158 @ Old Covington Rd. -$56,306 -$424,694 $556,000 0
LA 406 @ LA 407 $372,174 $24,982 $750,000 0.53
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Chapter 7: Discussion and Conclusion
This study confirms that the roundabout is a proven intersection type that can reduce injury
and fatal crashes. This capability is due to the reduced angle-collisions and eliminations of
head-on and left-turn crashes. As revealed in the investigation, the roundabout is a complex
intersection type. The roundabout analysis is more intriguing than other traffic control
facilities because of the observed inconsistency in crash changes even within the same
category. The improvement in safety for a roundabout depends on the previous traffic control
type as well as other design specifics. The further analysis has shown that the design,
lighting, and changes in the number of conflicting points are also responsible for safety
improvement. The biggest safety benefit for a roundabout occurs at intersections with two-
way stop sign control (without the layout change) due to the reduced number of conflicting
points and the similar degree of freedom for maneuvering. For the all way stop sign
controlled intersection, the freedom to maneuver seems to challenge a very small percentage

of drivers.

Although the results showed no reductions in the total number of crashes at the aggregate
level for the roundabouts converted from the traffic signal controlled intersections and all
way stop sign controlled intersections, the in-depth analysis at the individual roundabout
shows promise for a better performance with these roundabouts. The features specific to each
individual roundabout determines its safety performance. Other contributing factors that
potentially explain the increased number of crashes when converting an intersection to a
roundabout are listed in Table 17. The detailed geometric design is more critical to the
roundabout than to the non-roundabout intersections. It is possible for a roundabout to reduce

not only injury crashes but also total crashes at intersections originally controlled by traffic

45

www.manaraa.com



signals or by all way stop-signs if the roundabout is properly designed with adequate
lighting. It is important to recognize that the key difference between a roundabout and the
other two control methods (signalized or all way stop sign) is the drivers’ freedom in
deciding when to enter the intersection. More consideration for human factors is required in

the design of the roundabout.

TABLE 17 Summary of Potential Compounding Factors

Roundabout _Change . .
No. * in Total Potential Compounding Factors for Changes
Crashes
Group 1: Converted from Signalized Intersection
1 +35 Design elements (as discussed in this paper)
3 +7 It should be a two-lane roundabout with higher than 25,000 AADT. Design

alignment (intersecting angle) is not desirable
Group 2: Converted from Stop Sigh on Minor Road without Layout Change Intersection

Merging two-lanes in each direction into one-lane road before the roundabout
serves very well for this roundabout

Group 3: Converted from Stop Sign on Minor Road with Layout Change Intersection

7 -39

9 +2 One street connection within 150 feet
The problem was corrected by adding an exclusive right-turn lane to a new
10 +5 shopping center with the proper signage and pavement markings in May 2017
(after more than 3 years of roundabout operation)
11 +3 Inside a new subdivision with substandard sign and pavement marking
12 -3 With excellent lighting (inside a Casino area)
13 +18 Huge land use change (as discussed in the paper)

Group 4: Converted from All Way Stop Controlled Intersection
Due to the ROW limit, this roundabout is limited to a one-lane with AADT

15 +3 higher than 35,000, three driveways within 150 feet including a car dealer right
by the circle.
18 +15 Lack of lighting (as discussed in the paper)

* The No. for each roundabout refers to the same No. code as listed in Table 1.

To investigate if the roundabout operation time has any impact on the intersection safety
performance, this study also analyzed the crashes for roundabouts in operation for six years.
Table 18 shows the changes in the AADT and crashes at 11 intersections that had crash
increases in the first three years of the roundabout operation. The results indicate that while

the fatal and injury crashes were continuously decreasing, the total crashes still show an
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increasing trend. For the three intersections with six years of roundabout operation in Group

2, there is either no change or a crash reduction.

TABLE 18 Summary of Changes in AADT and Crashes between Before and After the
Roundabout in Two Post-Construction Periods

Element % Changes between Before and After % Change_s between. Before.and the Post
Three Years Three to Six Year Time Period

AADT 4.70% +8%

Total Crashes +71% +88%

Fatal Crashes -50% -50%

Injury Crashes -21% -37%

PDO Crashes +133% +171%
Single-Vehicle +229% +186%
Rear-End +28% +21%

Angle +71% +138%

Day time +58% +75%

Night time +103% +157%

Despite the wide differences in crash frequency change, one thing is clear: the roundabout
DOES reduce crash severity, mainly because of the lower operating speed. The biggest safety
benefit comes from the roundabouts converted from the stop sign on minor road

intersections, where a 46% crash reduction was observed. The CMF was developed from the
roundabouts converted from the stop sign on minor road controlled intersections. To
investigate the effect of alignment design, the CMF was also developed from the roundabouts
converted from the stop sign on minor road controlled intersections without the layout
change. Because other groups did not show any crash reduction at the aggregate level, and
had variations within the group due to differences in design and operating conditions among
the roundabouts in the same group, the CMF was not developed from the other two groups
(the roundabouts converted from the signalized or all way stop intersections). Thus, it is
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important, or maybe even critical, to conduct an in-depth analysis at the disaggregate level
when developing the CMF for a complex crash countermeasure like a roundabout to avoid

the potential risk of deriving a CMF that does not reflect the situation accurately.
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Appendix

Calculation details for EB method (11 roundabouts).

Intersections Total Crash (Before) | Ngy 1y, i, » | OVerdispersion parameter,k | Weighted average, w| M; VAR(M;) Nt 1ot in, 2
AB31@LA 42 26 6.761 0.970 0.132 23455 20.351 6.450
Chemin Metairie Rd.@ Viaulet Rd. 2 0.195 0.970 0.841 0.482 0.077 0.237
US 190 @ LA 434 10 11.157 0.970 0.092 10.107 9.173 7.363
LA 93 @ St Mary/LA 3168 35 47.524 0.970 0.022 35.272 34.507 65.681
LA 428 @ Mardi Gras Blvd. 43 3219 0.525 0.592 19.461 7.945 3.158
E. Milton Rd. /LA 92 @ Bonin Rd. 10 4.278 0.525 0.445 1.452 4.134 18.491
Lafayette Rd./LA 89 @ lberia Rd./LA 92 6 6.726 0.970 0.153 6.111 5.175 9.221
Hector Connoly Rd.@ E. Angelle Rd. 0 3332 0.970 0.309 1.031 0712 3.960
E. Fairfield Rd.@ S. Morgan Rd. 0 1913 0.970 0.539 1.031 0475 2.069
E. Milton Rd./LA 92 @ Chemin Metairie Rd. 1 3.077 0.970 0335 1.696 1128 3342
LA 327/ River Rd. @ LA 327/ Gardere Rd. 3 2.034 0.970 0.507 2510 1238 2424
Total 136 90.216 0.889 0.012 108.608 84.915 122.3%
Ci i VAR(m) Total Crash (After) g $D(®) 63%d(®) | B+3%sd(®)
0.954 22.376 18.522 9 039 0.144 -0.04 0.82
1215 0.586 0.113 2 257 1.758 -2.71 7.84
0.660 6.670 3.995 6 0.83 0334 -0.33 198
1382 48.748 65.911 10 0.20 0.069 -0.01 0.41
0.981 19.092 7.647 4 021 0.105 -0.11 0.52
4322 32211 71.238 8 0.23 0.096 -0.06 0.5
1371 8.378 9.726 8 0.84 0378 -0.30 197
1.188 1.225 1.006 5 244 1.365 -1.65 6.54
1.082 1.115 0.556 3 186 1135 -1.55 5.26
1.086 1.842 1.330 19 741 3.550 -3.24 18.06
1192 2.992 1.758 0.0001 0.00 0.002 -0.01 0.01
1.357 145.235 187.802 74 0.51 0.075 0.28 0.73
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Calculation details for EB method (5 roundabouts).

intersections Total Crash o overdispersion | Weighted average, i R N
(Before) " parameterk w o
ABI@LAL 2 6.761 0.970 0.132 23.455 20.351 6.450
US190 @ LA 434 10 11.157 0.970 0.085 10.008 9,244 7.363
LA 93 @ St Mary/LA 3168 3 47.54 0.970 0.02 3H.20 34.507 65.681
LA 428 @ Mardi Gras Blvd. 3 3219 0.525 0.592 19.461 7.945 3.158
E. Milton Rd. /LA 92 @ Bonin Rd. 10 4.278 0.525 0.445 7.452 4.134 18491
Total 124 72939 0.79 0.017 95.737 76.181 101143
G 1 VAR(n) [Total Crash (After)| 9 DHF) | 634) i3t
0.954 2376 1852 9 0.39 0.144 0.04 0.8
0.660 6.664 4,026 b 0.83 0.384 0.06 159
1382 48,748 65.911 10 0.20 0.069 -0.01 041
0.981 19.092 1.647 4 0.2 0.105 .1 0.52
430 R 71.238 8 0.3 0.0% -0.06 0.52
1387 129,091 173383 3 0.28 0.054 0.12 0.45
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Abstract

Louisiana currently has 30 roundabouts in operation and hundreds of roundabouts in
the planning and design stage. The Louisiana Department of Transportation and
Development (DOTD) is very interested in knowing the safety performance of existing
roundabouts in the state.

As revealed in this paper, the safety effectiveness of a roundabout depends on its
prior traffic control type, conformity to the geometric design guidelines, changes in layout of
intersection, and nighttime lighting conditions. All 19 roundabouts investigated by this study
demonstrated significant reduction in injury crashes because of lower operating speed,
reduced right-angle collisions, and elimination of head-on and left turn crashes. Based on
changes in the number of conflicting points and traffic control method, it is understandable
why the most significant and consistent safety improvement was associated with the
roundabouts previously controlled by stop signs on minor streets. The Crash Modification
Factor (CMF), as estimated by the Empirical Bayes (EB) method, for this group of
roundabouts is 0.28 with a standard deviation of 0.054. The roundabout is economically
justified for its safety benefit alone based on the benefit-cost ratio analysis for this group of
roundaboults.

The study did identify a few compounding factors at the individual intersections, such

as questionable geometric design elements, increased number of conflicting points,

unpredictable human behavior, and lack of lighting at night.
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