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In a recently published Federal Highway Administat (FHWA) memorandum, modern
roundabouts are considered to be a promising safgtyovement (1). The memorandum is
based on extensive safety research studies comdovtyseas and at various locations in the
United States (U.S.). Though the history of rowwdda implementation in the U.S. is relatively
short compared with Great Britain and other Europaaunties, roundabouts have demonstrated
a consistent record in reducing crashes, espedmalgducing severe injury crashes. A study of
roundabouts in the U.S. identified crash reductioingpproximately 35% for all crash types and
76% for fatal and injury crashes when an intersecivas converted from a signal or stop control
to a roundabout (2). The reason behind the langgravement in safety records at these
locations lies in the design features of roundabdbit reduce conflict points, as well as
vehicular speeds. Roundabouts prohibit vehickesnf making a traditional left-turning
movement and all vehicles circulate counter-closlevaround a raised central island at a
relatively low speed. The entering vehicles yig@dehicles in the roundabout, thus reducing all
left-turn related crashes, such as head-on or arglghes, which can result in serious injury
outcomes. Lowered travel speeds also reduce thisi@mo impact, thus reducing the crash
consequence. Other design features that help tooiresafety or facilitate safe movements are
detailed in the FHWA Roundabout Information Guidg (

Since the first modern roundabout was constructeahy safety evaluation studies have
been conducted to quantify the safety benefitshidf hew intersection control strategy. The
studies range from observational before-and-aftemeta-analysis. However, these studies

frequently show considerable differences in rouwdébsafety performance ,@&5). Many



factors can contribute to this disparity, and canglenerally grouped into three categories: 1)
driving population, 2) site choice, and 3) evaloatmethodologies.

Though roundabouts are, by design, safer than ativersection control strategies, the
safety benefits may be compromised by driver cohgmeion and behavior. A substandard
design, as well as inappropriate signage and pavemarkings, can also compromise the safety
benefits. Roundabouts demand a high level of dewenpliance with traffic signs and judgment
towards traffic conditions, such as reducing sps&bkdn approaching the roundabouts, judging a
safe gap correctly, and yielding to the vehiclegshe roundabouts. Roundabouts also require
drivers to process more information than traditlomdersections, especially in lane choice,
because the lanes are not traditionally straighgespendicular to other approaches, but curved.
The additional work load while driving may lead @owrong lane choice, which contributes to
same direction sideswipe crashes in the circulatangs. Site choice may also be critical
because some roundabouts are constructed due opénational benefits of increasing capacity,
reducing delay, improving flow continuity, enviroemtal considerations, and others. For these
roundabouts, safety benefits may not be appar8afety may also be jeopardized if the design
of a roundabout fails to consider particular useugs (pedestrians, bicyclists, visually impaired
users, etc.) and special vehicle types (large suttkat might be prevalent,(8). Daniels, et al.
found that the variation in crash rates is mairmiyeh by traffic exposure, as well as vulnerable
road users, who are more frequently involved irslces at roundabouts than expected based on a
sample of 90 roundabouts in Flanders, Belgium (Gpnsistent data collection and evaluation
methodologies provide a comparable basis for théie$ conducted at different times and from
different areas. When performing a safety evahumatihe keys to success are data collection and

selection of appropriate evaluation methodologiBata collection needs to be designed for the



purpose of the evaluation and more importantly, iinendabout related crashes, not just the
crashes occurring at or near the roundabout. Takiation methodologies should overcome
data issues such as regression-to-the-mean, nafédists, and others resulting from short-term
observations (4). Therefore, the Empirical BayeB)(analysis methodology is best suited for
this purpose.

While roundabouts have significant safety bengtfitey also can provide significant
operational benefits in terms of continuous flowtrafffic when used under the right conditions
(1). Although in general, roundabouts have beemsho reduce both frequency and severity of
crashes, in some cases roundabouts may offer safetgoffs similar to other traffic control
strategies, i.e., reduce severity of crashes WADE crashes increase (2, 3). Such cases are not
dissimilar to increases in rear-end crashes aiftgallation of a traffic signal or increase in PDO
crashes after installation of a cable median barrie

The present study is motivated by the need for aotigh before-and-after safety
evaluation of Wisconsin roundabouts. The firstnaabout in Wisconsin was built and opened
to traffic in 1999. Currently, there are approxigig 200 roundabouts on the state trunk and
local roads network with another 100 being planbgdhe end of the 2015 construction season.
Figure 1 shows the locations of roundabouts in Wfism that were built in 2008 or before.
Therefore, the objectives of this study are to t®veunbiased evaluation methodologies,

guantify the safety of roundabouts of various ctiads, and support informed decision-making.
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The safety benefit of a treatment can be measwedlefore-and-after study that calculates the
difference between the ratio of crash frequencyfgefand after the implementation of the
remedial measures, over a designated time framiehvidgiven by:
Change in safetyD = B-A or
Ratio (also called the index of effectivenessy. B/A
Where:
B = the number of crashes occurring in the befergop without the conversion, and
A = the number of crashes in the after period.
If only the number of crashes observed during tfere and after analysis time period is used,
the method is an observational before-and-aftelyaisaor a “simple” before-and-after analysis.
In general, a positive value for the change intyafer a ratio greater than one indicates a
desirable safety outcome.
% $&'( R
The simple before-and-after comparison assumesctiratitions remain unchanged before and
after the improvement, which is often not true. efifore, a traffic volume adjustment is
frequently deployed to normalize for differencestiaffic volume between before and after
periods. Moreover, the difference or ratio comdul@ectly from the observed crash counts or
rates between before and after periods may be diasea result of regression-to-the-mean
(RTM). RTM effect, or bias-by-selection, is a pbarenon that repeated measures of the data
drifts towards the mean value in the long run. DRaehis natural fluctuation, an extreme

observation will usually be followed by a less extie observation without any intervention.



Locations slated for safety treatments usually hiagd crash counts, rates, or severities. A
simple before-and-after analysis may inflate theantermeasure effectiveness by including the
difference caused by RTM. Hauer suggested usiagipected number of crashes that would
have occurred in the after period had the countasome not been implemented as “B”, which is
the expected mean of a conditional (gamma) didiohuof the long-term crash average of a
location, given the observed short-term crash histd’he expected mean can be formulated as
the weighted average of a predicted number of esaand site-specific crash history as follows
(8):

E=Wx +(1-W)N (1)
Where:

—— Weight of Prediction

E = Expected Crash Count (Estimate of Long TermmiMzeer Y years)
N = Observed Crashes (over Y years)

= Predicted Number of Crashes (SPF Calculatede/aluY years)
Y = Number of Years in Study
k = Overdispersion Parameter
The methodology of estimating the expected numberashes is called EB analysis. When the
expected number of crashes that would have occurrethe after period without safety
improvements, denoted as B, is compared with theahcmumber of crashes after safety
improvements are implemented, the procedure ied¢&B before-and-after analysis. Note that
in the actual calculation, B is the expected avenagmber of crashes in the after period. Any
change in the traffic volume (AADT) or analysis @nperiod needs to be factored into the

comparison. An adjustment factor as shown in Eqo& can account for these changes.



(2)

Multiplying the ‘r’ factor by the EB expected numbaf crashes offers a correct estimate of the
number of crashes that would have happened dunm@fter time period had the treatment not
been implemented.

The procedure is listed as follows:

1) Estimate EB expected average crashes in the beéoi@d for the intersection;

2) Estimate EB expected average crashes in the adterdpfor the intersection through a traffic
exposure adjustment factor(B);

3) Observe average crashes in the after period famtivedabout (A);

4) Calculate the change in safety by (B-A) or the tyaddfectiveness index (B/A); and

5) Estimate the confidence interval of the changeafiety or the safety effectiveness based on
all the sites evaluated.

The safety performance can be computed for indalidwundabouts. When each
roundabout shows varying performance, the diffezeimcor the ratio of the total number of
crashes before and after the roundabout constructia provide a quantifiable mean (average)
safety performance measure, as well as the variafcke measurement from an overall
perspective.

Safety Performance Function

A safety performance function (SPF) describes éhationship between the predicted number of
crashes (dependent variable) and a set of crastiibuting factors (independent variables).
The state-of-the-practice distribution considered rhodeling crashes is Poisson-gamma (or

negative binomial (NB)) (1314, 15, 16, 17, 18, 19). Poisson-gamma models can account for



over dispersion of the crash data, which, if natperly considered, may lead to estimation
inefficiency and inference errors. In safety apgions, the number of crashes)(&t a site ‘I’ is
assumed to follow a Poisson distribution.

Ni| m ~ Poissonr() i=1,2,...,n (7)

The log function used to link the mean number dashr counts with all possible
covariates and unstructured errors is defined as:

"4$%& ! 'Oy -')+) ' /01023 (8)

SPFs are generally developed for specific trangfiort entities, e.g., intersections and
road segments. Furthermore, SPFs are subdividedlifierent types of intersections and road
segments. SPFs are used to estimate the predigteder of crashes, which can then be used in
the EB analysis methodology by combining it withsetved crashes to calculate the expected
average crash number. The SPFs used in this repoet selected primarily from the Highway
Safety Manual (HSM) (20). Separate SPFs are peavidr total and fatal/injury crashes. In
some cases, separate SPFs are provided for singlenalti-vehicle crashes, which were used
accordingly in the safety evaluation of roundabouEor intersections without HSM specified
SPFs, SPFs from the Federal Highway AdministraffidWA) SafetyAnalyst software version
1.2 were used (21). Furthermore, the HSM alsoigesva fixed value for fatal/injury crashes as
a proportion of the total number of crashes in sagbere specific fatal/injury crash SPFs are

missing.

)

In order to perform a robust before-and-after camspa, a minimum of three years of data are
required. Hence, 40 roundabouts under Wisconsipalment of Transportation (WisDOT)

oversight built in 2008 or before were includedhe study. Thirty of the 40 roundabouts that



were built in 2007 or before were part of a presimvaluation study (22). This research
expanded the total number of roundabouts to 40aaldéd an additional year of crash data for
the roundabouts evaluated in the previous rep@} (Figure 2 shows the locations of the 40

roundabouts included in the study.
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Crash data were retrieved from the WisTransPodaleich roundabout location for both the
before and after periods (11). Relevant crashrinédion was gathered based on the date when a
crash occurred and the study area defined for #cpkar roundabout. Crashes during a three

year before period and a four year after periocevestlected for 30 roundabouts built in 2007 or



before, while crashes during three year beforeadtet periods were collected for roundabouts
built in 2008. Crashes that occurred during thestrmction year were excluded. Crash location
is defined not only by the address, but also bypiblece definition as “intersection related”, i.e.,
a crash is caused by the activity related to theratpns of the intersection. Not limited to the
intersection junction or circulatory area, the datdlection allows for crashes occurring on
roundabout approaches due to speeding, suddenastgmwing down to also be included. A
detailed manual review of each Wisconsin crashrtepom (MV4000) was also conducted for
all queried crash data using police narratives dingrams to determine whether or not crashes
were truly roundabout crashes or related to rouodiabperations.

The importance of manually reviewing each MV40Q0lice report cannot be
underestimated. This helps to distinguish crasieesirring at nearby intersections from those
occurring at the roundabout. One example is thenadabout at CTH A and CTH JJ in
Outagamie County. As displayed in Figure 3, theranother intersection also named CTH A
and CTH JJ northwest of the roundabout. Both ssetions are three-legged and yield-sign
controlled on CTH JJ. Without referring to theumdtdiagram in the police report, it would be
impossible to tell one from the other. More comns@nations are crashes occurring within the
proximity of a roundabout that are driveway-relatégrash diagrams and narratives can help in
identifying such crashes; however, the quality @fgdams varies from report to report. In
general, an electronically filed crash report watmoundabout template will remind or help the
officer in choosing the proper intersection confagions. Another example of using a police
report diagram is to distinguish crashes occurangne of two interchange ramp roundabouts,

as exhibited in Figure 4. In this study, when ¢hare no effective ways to separate crashes



occurring at one interchange ramp roundabout fieenother, the crashes were split between the
two ramp terminals.

Based on discussion with WisDOT engineers, craskbearring during the construction
year of the roundabout were excluded from the stiodgninimize the effects of construction
activities and other complications such as beimjglly open to traffic during the construction.
Six of the roundabouts built in 2007 or before, &t of the roundabouts built in 2008, were
omitted due to either a lack of pre-constructiotada unique geometry. Specifically:

Six roundabouts were newly constructed intersestaord had no historic crashes;

One roundabout combined several closely spacesattons; and

Three roundabouts had significant changes from rbeferiod, e.g. changes in the

number of approaches to the intersection in ther gkeriod.

O
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Important roundabout design features include thabar of approaches, speed limit, number of
circulating lanes, and the total AADT. The AADT atroundabout was defined as the sum of
AADT on each approach entering the roundabout. ffi€raolume information was primarily
collected from the Wisconsin Highway Traffic Volun@ata, which is published annually by
WisDOT (23). For the roundabouts with missing AADihdividual traffic counts were
conducted.

In general, researchers observed in the datagethite®-legged roundabouts carried less
traffic than four-legged roundabouts. The threggée roundabouts had an AADT range of
11,700 to 23,300 vehicles per day (vpd), with aarage of 16,250 vpd, while the four-legged
roundabouts had a range of 8,250 to 74,900 vpdy wit average of 18,150 vpd. Similarly,
single-lane roundabouts had lower traffic volumésnt multi-lane roundabouts. In the
roundabouts observed for this research study, thBTAfor the single-lane roundabouts ranged
from 8,250 to 17,000 vpd with an average of 12,0pd. For the multi-lane roundabouts,

AADT ranged from 9,200 to 74,900 vpd, with an ageraf 24,510 vpd.



In addition to current AADT levels, the intersecticonfiguration and traffic data before
roundabout conversion were collected, including AADumber of intersection approach legs,
number of major roadway lanes, existence of mapadway median, speed limit, and more
importantly, the traffic control type before thairmlabout conversion.

WisDOT Region and area type were collected. Thka &pe was categorized as urban if
the municipality where the roundabout was locatad b population greater than 5000. The
characteristics of the 30 roundabouts are listetaiole 1.

Table 1 Characteristics of Modern Roundabouts in tle Scope of the Study

Characteristics Number Percentage

Area Type*
Urban 18 60.0%
Rural 12 40.0%

Previous intersection traffic control
No control/Yield (NC) 2 6.7%
Two-way Stop Controlled (TWSC) 15 50.0%
All-way Stop Controlled (AWSC) 6 20.0%
Signalized 7 23.3%
WisDOT Region
NC 1 3.3%
NE 16 53.3%
NW 3 10.0%
SE 5 16.7%
SW 5 16.7%
Roundabouts Type
Single Lane 15 50.0%
Multi-Lane 15 50.0%
+
rr $& &

A simple before-after analysis was completed forr@@ndabout locations in Wisconsin. As

stated in Chapter 3, a total of 40 roundaboutst bnilWisconsin in 2008 or before were



considered in this research. However, 10 roundabeere omitted from the before-and-after
and EB analysis because the conditions in the &gderiod varied significantly from the after
period, hence a direct comparison was not congide@sonable.

Table 2 shows the observed crash statistics @ost@dy roundabouts in the before and
after period. The frequency is classified by crasiicome (K, A, B, C, and PDO). For the
roundabouts at interchange ramp terminals, cragbrte were verified manually to assign the
crash to one of the roundabouts. It should bedtbiat the simple before-and-after analysis does
not take into consideration the RTM effects. Tdbkhows three-year before and four-year after
crash data for the 24 roundabouts built in 200before and three-year before and three-year
after crash data for the 6 roundabouts built in&00

Table 3 shows the number of locations with insegano change, or decrease in crashes
between before and after periods. There were tab ({id) crashes in the after period. The two
sites with fatal (K) crashes in the before periad dot experience fatal crashes after the
roundabout was installed. For all injury (A, B,da@) crashes, the magnitude of decrease in
injury crashes was higher than the magnitude ofesse. For PDO and total crashes, the
number of locations with increases in crashes a2 opposed to 4 locations with decreases in
crashes, with 1 location having the same numbePDO crashes as before. Overall,
roundabouts in Wisconsin had a decrease in fa@lignry crashes, but an increase in PDO

crashes.



Table 2 Before and After Crash Data for WisconsirRoundabouts Built in 2008 or Before
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Table 3 Summary of Roundabout Locations Crash Trend using Simple Before-and-After

Analysis
Number of locations
Change in Crashes K A B C PDO Total
Crashes
Increase 4 10 11 25 23
No change 28 22 12 9 1 0
Decrease 2 4 8 10 4 7




The following summarizes the trends for fatal amdry crashes as observed in Table 3.

o Fatal (K) crashes: Two of 30 locations had twolfatashes in the before period. No
fatal crashes occurred in the after period. Natioon had an increase in fatal crashes.

0 Incapacitating (A) crashes: Six of 30 locations ltaashes in the before period. Four
locations had none in the after period, one locatimreased and one location remained
unchanged. The other three locations with incieasethe after period did not have
crashes in the before period. They increased #er to one, one and two crashes.

o0 Non-Incapacitating (B) crashes: Seventeen of 3@tionss had crashes in the before
period. Of the 17, four locations had no crashesfter period, one location reduced from
eight to one, two locations reduced from four t@,ofive locations did not change, and
one location observed crashes increasing from evggven. Five locations found crashes
increasing from zero to one.

o0 Possible Injury (C) crashes: 20 of 30 locations trashes in the before period. Of the 20,

three locations had no crashes in the after pegeden locations did not change, 10
locations found crashes reduced collectively fra@nt@ 10, but one of those locations

alone increased from 10 to 19. Eight location$ tizal zero crashes in the before period

experienced crashes in after period.
$&&,"™ "$ % -#%" ' -(
SPFs can be found for a variety of highway faestiand intersection types in HSM.
Appropriate SPFs were identified using the pre-daloout intersection geometric characteristics

(number of legs, number of lanes) and area settirigan, rural), as well as traffic control types

(Yield, TWSC, AWSC, Signalized). In some caseqasate SPFs were used for single and



multi-vehicle crashes, when available. If SPFsewpot available in the HSM, the FHWA
SafetyAnalyst software version 1.2 was used toinl8&Fs.

Tables 4 and 5 show the EB analysis results fat tatmber of crashes and injury (K, A,
B, and C) crashes, respectively, for 30 roundabocations in Wisconsin. The first two
columns are intersection IDs and descriptionspofedd by observed crashes during the three-
year before period, the expected number of cradhesg the three or four-year after period
without roundabout installation, and the observadcber of crashes during the three or four-
year after period with roundabout installation. eTlast two columns are before-and-after
comparison results showing an increase or declieas@ashes based on the difference between
the crashes with or without a roundabout installati Shaded cells with negative values show an
increase, whereas positive values show a decradabe ipercentage of crashes after roundabout
construction. Detailed results and calculationthefEB methodology are provided in Appendix
C. Based on the results presented in Table 4 aral fBw findings for the 30 roundabouts
locations are highlighted below:
1. Mixed results for total crash frequency

13 locations (43%) observed a decrease or no changtal crashes.

17 locations (57%) showed an increase in totalhaas

5 of the 17 RABs observed increases of 1 to 3 twthes, or less than 1 per year
3 of 17 RABs contributed to approx. 50% of the ltotarease in crashes
Among the 17 locations with increased crash recatdsmal St./28 Ave., Old STH 12/
Parmenter, and CTH A/CTH JJ experienced an incredseore than 100% in total

crashes, which was much higher than the valuesrobd at other locations.



Overall, Wisconsin experienced a 12% increase aslas across the 30 roundabouts

evaluated in this report.

2. Significant decrease in crash severity

21 locations (70%) had a decrease in fatal (K)iapay (A, B, and C) crashes whereas 9

locations (30%) had an increase in injury crashes.

Overall, Wisconsin experienced a decrease of 38fstinjorry crashes across the 30

roundabouts.

3. A review of the locations that experienced an iaseein total or injury crashes shows that
for the majority of the sites, the actual numbercadshes was very small, resulting in
exaggerated percentage increase (i.e., one crdakh lrefore condition to three crashes in the
after period). Three roundabouts experienced fsgnit increases in crash frequency and
severity and contribute substantially to the sunynstatistics.

In summary, most of the 30 roundabouts show promisafety improvements in terms
of reduction in crash severity levels. Though mlixesults were observed in total crash
frequency after the roundabout conversion, a diant decrease (38%) was observed for injury
crashes. In order to understand the varying sgfetformance across individual roundabouts
being evaluated, the safety evaluation results Wetber analyzed with respect to the geometric
characteristics and traffic conditions prior to mdabout construction for further insight. The
following analysis was focused on four aspects: Ioemof lanes, traffic control, regions, and

urban or rural locations.



Table 4 EB Analysis Results for Total Crashes

EB Expected
Crashes -
Observed Adjusted by Observed
Total AADT and Total
Intersection SPF/Crash | Crashes-| Yearsin After | Crashes -
Location Type Type Before Period (B) Atfter (A)
Multi-Veh 15.00 15.235 15.0 0.23
STH 54/Gaynor St/17th St 4Urb4ST Single-Veh 100 1232 120 1077 -63.97
Multi-Veh 1.00 3.074 6.00 -2.93
CTH F/S. Ninth St. 2Urb4ST -87.1
n ' Single-Veh 0.00 0.66¢ 10| -0.33 87.13
Multi-Veh 2.00 2.996 3.0 0.00
CTH F/Suburban Dr. 2Urb4ST Single-veh 0.00 0581 0.0b 059 16.23
STH 32/57 and STH 96 2Urb4STALL Combined 5.00 6.756  12.00| -5.24 -77.63
STH 141 / Allouez Ave 2Rur4dST Combined 9.00 24.581 21.00 3.58 14.57
Multi-Veh 48.00 110.037 149.0( -38.96
STH 32/STH 57 Broadway 4Urb4SG Single-Veh 3.00 2520 60l -147 -35.29
STH 55/CTH KK 2Rur4ST Combined 18.90 20.4[79 5|00 .4&5 75.58
Multi-Veh 1.00 2.964 2.00 0.96
Lake Park/Plank Rd (CTH LP/CTH P) 2Urb4SsT Single-veh 0.00 0.661 20 333 -65.23
CTH N/ Emons Road 2Rur4dST Combined 5/00 18.871 o®{ -10.63 -57.86
STH 28/32 2Rur4ST Combined 5.00 8.646 15 -6.35 -73.49
STH 42/ 1-43, Interchange Ramps (West) 4RurdSG Goecb 10.00 34.29( 16.0p 18.29 53.34
STH 42/ 1-43, Interchange Ramps (East) 4Rur4SG Quoedb 9.00 22.717 13.00 9.72 42.77
STH 42/Vanguard, Wal-Mart entrance 4RurdSG Combine 2.00 16.107 11.0( 5.11 31.71
Multi-Veh 3.00 5.006 11.0¢ -5.99
Breezewood In/Tullar Rd 2Urb4YD Single-Veh 0.00 0732 0.0 073 -91.72
Multi-Veh 7.00 8.701 5.00 3.70
US 53 ramps and CTH O (West) 2Urb4ST Single-veh 100 1108 2ol 089 28.63
Multi-Veh 4.00 7.139 7.00 0.14
US 53 ramps and CTH O (East) 2Urb4ST Single-veh 0.00 0.764 2ol 123 -13.85
STH 124/CTH S 2RurdST Combined 16.00 19.443 8.00 .4411 58.85
Canal St/25th Ave 4Urb3STALL Combined 1.00 2.245 .005 -12.76 -568.26
Multi-Veh 26.00 21.845 7.0( 14.84]
STH38/CTHK AUrb3ST Single-Veh 4.00 3.87¢ 21.0 -17.12 -8.86
Multi-Veh 1.00 2.385 2.00 0.38
Elkhorn Rd (Bus 12)/Bluff Rd/Clay St 4Urb4YD Single-veh 100 0.99% 30l 2.00 -47.76




EB Expected
Crashes -
Observed Adjusted by Observed
Total AADT and Total
Intersection SPF/Crash Crashes - | Years in After Crashes -
Location Type Type Before Period (B) After (A)
. Multi-Veh 12.00 13.819 31.0¢ -17.18
STH 78/STH 92, 8th St, Springdale 4Urb4SG Single-Veh 500 > 261 0.0 > 46 -90.39
Thompson and Commercial (North) 4Urb4STALL Combined 18.00 33.907 56.0( -22.09 -65.16
Thompson and STH 30 (South) 4Urb3STALL Combined 0a3. 23.972 12.00 11.97 49.94
Old STH 12/Parmenter 4Urb4STALL Combined 4.00 5.259 15.00( -9.74 -185.25
STH EE (Grant St.) & Lawrence Dr. 2Urb4STALL Combth 7.00 10.610 8.00 2.61 24.60
USH 10 & CTHN 2Rur4ST Combined 23.00 22.1p4 1110aL1.12 50.28
CTH A (N. Lynndale Dr.) & CTH JJ 2Rur3sG Combined 3.00 2.740 9.00 -6.26 -228.44
) . Multi-Veh 19.00 17.192 14.0 3.19

STH 16 (Wisconsin Ave.) & Walnut. St 4Urb4SG Single-veh 100 0928 2ol 107 11.70
STH 74/McLaughlin Rd. & CTH V 4Rur4dST Combined 0.p0 1.791 2.00; -0.21 -11.66
USH 18 & Bennett Rd. 4RurdST Combined 8.00 9.611 009. 0.61 6.36




Table 5 EB Analysis Results for Fatal and Injury Ciashes

EB Expected
Crashes -
Observed Adjusted by Observed
Total AADT and Total
Intersection | SPF/Crash | Crashes- | Yearsin After | Crashes -
Location Type Type Before Period (B) After (A)
Multi-Veh 8.00 7.031 1.00 6.031
STH 54/Gaynor St/17th St 4Urb4ST Single-veh " 0345 200 1655 59.33
. Multi-Veh 1.00 1.932 3.00 -1.068 -41.58
CTH F/S. Ninth St. 2UrbaST I le-veh * 0.187 0.00 0.187
Multi-Veh 0.00 0.925 2.00 -1.075 -83.73
CTH F/Suburban Dr. 2Urb4ST Single-veh " 0164 0.00 0164
STH 32/57 and STH 96 2Urb4STALL Combined 1.00 1.678 3.00 -1.322 -78.77
STH 141 / Allouez Ave 2Rur4dST Combined 3.00 5.284 .004 1.284 24.29
Multi-Veh 12.00 28.595 26.00 2.595
STH 32/STH 57 Broadway 4Urb4SG Single-veh 100 0.798 200 | 1202 4.74
STH 55/CTH KK 2Rur4ST Combined 9.00 7.677 1.00 8.67 86.97
Multi-Veh 0.00 1.248 0.00 1.248
Lake Park/Plank Rd (CTH LP/CTH P) 2Urb4ST Single-veh m 0187 100 0.813 30.28
CTH N/ Emons Road 2Rur4ST Combined 4.00 6.475 8.0 -1.525 -23.55
STH 28/32 2Rur4ST Combined 1.00 1.794 1.00 0.704 274
STH 42/ 1-43, Interchange Ramps (Wept) 4RurdSG Goadb 3.00 13.658 5.00 8.658 63.39
STH 42/ 1-43, Interchange Ramps (East) 4Rur4SG Qoezab 2.00 9.328 3.00 6.328 67.84
STH 42/Vanguard, Wal-Mart entrance 4RurdSG Combineéd 1.00 10.561 2.00 8.561 81.06
Multi-Veh 1.00 2.185 1.00 1.185
Breezewood In/Tullar Rd 2Urb4YD Single-veh " 0205 0.00 0205 58.15
Multi-Veh 1.00 1.950 1.00 0.950
US 53 ramps and CTH O (West) 2Urb4ST Single-veh " 0310 100 20,690 11.52
Multi-Veh 0.00 1.772 3.00 -1.228 -101.35
US 53 ramps and CTH O (East) 2Urb4ST Single-veh " 0214 100 0,786
STH 124/CTH S 2RurdST Combined 11.00 7.971 1.0d 76.9 87.45
Canal St/25th Ave 4Urb3STALL Combined 0.00 1.599 002. -0.401 -25.05
Multi-Veh 9.00 5.196 2.00 3.196
STH 38/CTH K 4Urb3ST Single-veh " 1202 3.00 1798 21.84
Multi-Veh 1.00 1.448 0.00 1.448 100.00
Elkhorn Rd (Bus 12)/Bluff Rd/Clay St 4Urb4YD Single-veh < 0280 0.00 0280




EB Expected
Crashes -
Observed Adjusted by Observed
Total AADT and Total
Intersection SPF/Crash | Crashes- | Yearsin After | Crashes -
Location Type Type Before Period (B) After (A)
. Multi-Veh 2.00 3.418 3.00 0.418
STH 78/STH 92, 8th St, Springdale 4Urb4SG Single-Veh 0.00 0321 0.00 0321 19.76
Thompson and Commercial (North) 4Urb4STALL Combined 12.00 13.235 11.00 2.235 16.89
Thompson and STH 30 (South) 4Urb3STALL Combined 05.0 9.357 1.00 8.357 89.31
Old STH 12/Parmenter 4Urb4STALL Combined 1.00 1.505 2.00 -0.495 -32.89
STH EE (Grant St.) & Lawrence Dr. 2Urb4STALL Cométh 2.00 2.362 3.00 -0.638 -27.01
USH 10 & CTHN 2Rur4ST Combined 15.00 9.329 1.00 328. 89.28
CTH A (N. Lynndale Dr.) & CTH JJ 2Rur3sG Combined  1.00 1.105 2.00 -0.895 -81.08
) . Multi-Veh 4.00 3.793 1.00 2.793
STH 16 (Wisconsin Ave.) & Walnut. St|  4Urb4SG Single-Veh 0.00 0245 100 | -0.755 50.48
STH 74/McLaughlin Rd. & CTH V 4RurdST Combined 0.00 1.185 1.00 0.185 15.64
USH 18 & Bennett Rd. 4Rur4ST Combined 6.00 6.898 003. 3.898 56.51

; No SPF Available - proportion of total single-vdhicrashes was used




Single-lane versus Multi-lane

As shown in Table 6, the number of single lane r@mnidti-lane roundabouts were 15 each. Seven
of the single-lane roundabout locations and six tieé multi-lane roundabout locations
experienced a decrease in total crashes. Muki-laundabouts had a 19% increase in total
crashes; conversely, single-lane roundabouts #8d decrease in all crashes. The opposite was
observed when examining fatal and injury crash@sly three out of 12 multi-lane roundabouts
experienced an increase in injury crashes compaitd seven out of 12 of the single-lane
roundabouts. Considering injury crashes, multelesundabouts had an overall decrease of 41%,
while single-lane roundabouts showed a 33% decreaBable 7 compares the differences
between single-lane, multi-lane, and spiral lanendabouts.

Table 6 Roundabout Safety Performance by Number dfanes

Single-lane| Multi-lane
Number of RABs 15 15
RABs with Increased Crashes 8 9
RABs with Decreased Crashes 7 6
Total Crashes Total Expected Crashes 168 344
Total Observed Crashes 161 411
% of Changes 4% -19%
RABs with Increased Crashes 7 3
RABs with Decreased Crashes 8 12
KABC Crashes Total Expected Crashes 55 120
Total Observed Crashes 37 71
% of Changes 33% 41%




Table 7 Roundabout Safety Performance by Roundabouiypes

Single-lane| Dual-lane | Spiral
Number of RABs 15 11 4
RABs with Increased Crashes 8 7 2
RABs with Decreased Crashes 7 4 2
Total Crashes Total Expected Crashes 168 262 82
Total Observed Crashes 161 333 78
% of Changes 4% -27% 5%
RABs with Increased Crashes 7 3 0
RABs with Decreased Crashes 8 9 4
KABC Crashes Total Expected Crashes 55 87 33
Total Observed Crashes 37 60 11
% of Changes 33% 31% 67%

Traffic Control Strategies
The NCHRP Report 572 study reported reductionppf@imately 35% for all crashes and 76%
for injury crashes when an intersection was comektb a roundabout from a signal or stop
control (2). However, the safety benefits vary sidarably among traffic control alternatives,
including yield, two-way stop controlled (TWSC)J-alay stop controlled (AWSC), and signal
control. Table 8 shows that the total number eShes increased after the conversion of yield,
AWSC, and signalized intersections to a roundabygut5%, 43%, and 12%, respectively. Total
number of crashes decreased by 5% after the cooned§ TWSC intersections to a roundabout.
The conversion from a signalized intersection toundabout requires more considerations such
as left-turning volume, left-turn storage spaceaj #re space between intersections because the
safety benefits are conditional to these uniqueasiins.

A reduction in the severity of crashes was obselvethe conversion of all types of
intersections to roundabouts with the highest demeobserved in the conversion of yield

control intersections, followed by TWSC, signal toh and AWSC intersection conversions.



Table 8 Roundabout Safety Performance by Traffic Cotrol Type

No Control/Yield | TWSC | AWSC | Signalized
Number of RABs 2 15 6 7
RABs with Increased Crashes 2 8 4 3
RABs with Decreased Crashes 0 7 2 4
Total Crashes Total Expected Crashes 9 196 83 225
Total Observed Crashes 16 187 118 251
% of Changes -15% 5% -43% -12%
RABs with Increased Crashes 0 4 4 2
RABs with Decreased Crashes$ 2 11 2 6
KABC Crashes Total Expected Crashes 4 69 30 72
Total Observed Crashes 1 40 22 45
% of Changes 76% 42% 26% 37%

Urban or Rural Location

Table 9 shows the breakdown of roundabout safetjuation by location in urban or rural areas.
Thirteen of the 18 urban roundabouts experienceth@ease in total number of crashes while
four of the 12 rural roundabouts showed an increaséotal number of crashes. Rural
roundabouts display a better performance in theatash of total number of crashes by 26%.
Conversely urban roundabouts display an increastotad number of crashes by 36%. In
examining fatal and injury crashes, both rural amdan location experienced a decrease in
crashes. Urban roundabouts have a higher fataimgug/ crash reduction percentage of 41%
than rural roundabouts with 33% reduction. The benof roundabouts with decreased crashes

is more than the number of roundabouts with ine@asashes in both rural and urban location.



Table 9 Roundabout Safety Performance by Urban/Rurblocation
Rural | Urban
Number of RABs 12 18
RABs with Increased Crashes 4 13
RABs with Decreased Crashes 8 5
Total Crashes Total Expected Crashes 201 312
Total Observed Crashes 149 423
% of Changes 26% | -36%
RABs with Increased Crashes| 2 8
RABs with Decreased Crashes 10 11
KABC Crashes Total Expected Crashes 55 120
Total Observed Crashes 37 71
% of Changes 33% | 41%

U7

For this study, a total of 40 roundabouts buili¥isconsin in 2008 or before were considered.
Thirty roundabout locations were analyzed usingpggniefore-and-after and EB analysis, while
the 10 other roundabouts were analyzed separasatg @ different procedure. Three years of
before crash data and four (in the case of rounaabouilt in 2007 or before) or three (in the
case of roundabouts build in 2008) years of aftastt data were gathered, as well as geometric
and volume data. A simple before and after crasdlyais was completed to analyze specific
types of injury crashes for each roundabout. AndfRlysis was used to examine the safety
benefits for total crashes and injury (K, A, B,&3shes.

Simple Before-and-After Analysis

Two locations that had fatal crashes in the befmeod did not show any fatal crashes in the
after period. No fatal crashes were observed fyr & the roundabout locations in the after
period. For all injury (A, B, and C) crashes, th@ember of locations with reduced crashes is

greater than the number of locations with increasadhes. The magnitude of decrease in injury



crashes is higher than the magnitude of increaSer PDO and total crashes, 23 locations

observed increases in the number of crashes aseg@io 7 locations experiencing decreases.
Overall, roundabouts in Wisconsin had a marked edese in fatal and injury crashes, but an
increase in PDO crashes. The increase in PDO esasgihich weighted the overall increase in

crashes at several locations, can be less attdliata safety issue and more attributed to drivers
understanding the navigational requirements of dabouts.

Empirical Bayes Crash Analysis

The EB analysis was performed using SPFs primé&yn the HSM and, in some cases, from

FHWA SafetyAnalyst software version 1.2. The difet conclusions that can be drawn from

the results are summarized below:

Mixed results for total crash frequency

0 13 locations (43%) had a decrease in total numberashes; 17 locations (57%)

showed an increase.

Substantial decrease in crash severity

0 21 locations (70%) had a decrease in fatal (K) iapdy (A, B, and C) crashes
whereas 9 locations (30%) had an increase.

o0 No location observed fatal crashes in the afteioder

0 Wisconsin experienced a decrease of 38% for ijuaghes.

A breakdown of the EB results for roundabouts bgiots types shows that single lane
roundabouts performed better than multi-lane robodts in terms of total crash results. TWSC
intersection conversion to a roundabout had thédsg safety benefit as compared to yield,
AWSC, and signalized intersections. Roundaboutanal location are safer then roundabouts in

urban location when considering total crashes.



Crash reductions observed at Wisconsin roundabeate not as high as reported in
other studies (10). However, it is premature tachade that the safety benefits of Wisconsin
roundabouts are not equally or more effective thihase in other states without first
understanding the differences in the data and stodihodologies. Several locations had a
relatively low number of crashes and injury seyectashes before conversion to a roundabout.
Operational and non-engineering reasons, rathen thafety, were the motivation for
constructing roundabouts at these locations.

-H#'# & W*

This research study has shown that the majorityrapindabout installations have led to
improvements in traffic safety, especially in terofscrash severity. Although the results show
an overall increase in the total number of crasfased on the 30 roundabouts studied, additional
research is required to ascertain the exact caemd this increase. Detailed review of the
crashes at some of the locations that show a sutatancrease in the total number of crashes
could reveal further insight into the crash treadd safety issues at such locations.

Another recommendation is the ability to conductstady of driver behavior at
roundabout locations using incident and near-maga dsing video data collection. This method
can be used to understand potential safety issmgsecially in the immediate period after
construction; identify safety concerns; and/or eat¢ countermeasures. An example of such a
study can be seen in research conducted by Schir¢@4le It is also recommended that this
research be continued in the future, with the @oldibf more locations, to increase the sample

size of roundabouts studied in Wisconsin.
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