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Abstract

Due to the perceived safety benefits, relative low co&t,ease of implementation of all-
way stop control, there is growing interest in thevession of intersections from two-way to all-
way stop control in North Carolina. While all-way stmgntrolled intersections are commonly
used, there are few current, up-to-date studies quantifyingstiety benefits, especially for
higher speed rural locations or locations equipped withiflgsbeacons. The purpose of this
project was to develop crash reduction factors for tieexsion from two-way to all-way stop
control at a diverse group of intersections that cefidorth Carolina conditions and decision-
making. Other places with similar conditions miganhéfit from the findings as well.

A total of 53 treatment sites located in urban, subyrbad rural areas were chosen for
analysis in this project. The treatment locationsewtivided into three groups based upon
presence of an overhead and/or sign mounted flashing be&conp 1 consisted of 33
intersections without flashing beacons; Group 2 considt8drtersections with flashing
beacons in both the before and after period; and Graopdssted of 8 intersections where the
flashing beacon was installed with the all-way stop robnt

The results show a substantial decrease in total, jrgundy frontal impact crashes in the
after period when analyzing all locations and Groups 4n@,3. The recommended crash
reduction factors for conversion from two-way toaly stop control are the factors calculated
by the Empirical Bayes method with consideration fdficancrease. The recommended crash
reduction factors from the overall group are a 68 penaghiction in total crashes, a 77 percent
reduction in injury crashes, a 75 percent reduction in &lompact crashes, and a 15 percent
reduction in “ran stop sign” crashes.
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1. Introduction

All-way stop control is a countermeasure used to hedwialle crash problems at
intersections with a pattern of high severity fromgbact crashes. As the North Carolina
Department of Transportation (NCDOT) looks to solvetseproblems with tools that are both
low cost and quick to implement, there is growing intetreshe conversion of intersections from
two-way stop control to all-way stop control, espligim higher speed rural areas. While all-
way stop controlled intersections are commonly usede thiee few current, up-to-date studies
guantifying their safety benefits. Most of the studied have been completed focused primarily
on urban locations and are now at least twenty-fiasyeld, using data from the 1960s and
1970s. The purpose of this project was to evaluate theés@ieconverting an intersection from
two-way stop sign control to all-way stop control undevariety of conditions and using current
data. The goal was to develop crash reduction factarsdfiect North Carolina conditions and

decision-making. Other places with similar conditiomght benefit from the findings as well.

The objectives of this paper were to:
(1) Determine if there was a reduction in total and tacgeeghes at intersections
converted from two-way to all-way stop control.
(2) Determine if there was a difference in crash reduastivhen all-way stop
control intersections are equipped without a flashing beaapposed to all-way
stops with a flashing beacon.
(3) Determine if the approach speed limits and/or theset#ion volume played
a role in crash reductions at intersections converted fivo-way to all-way stop

control.
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The measures of effectiveness for this project inctati# crashes, injury crashes, and

frontal impact crashes. We also analyzed crashesvingod vehicle running the stop sign.

2. Literature Review

The crash reduction factors that NCDOT currently ugeslf-way stop installation
are from the National Cooperative Highway Researdgf@am (NCHRP) Digest 299, the
interim report to NCHRP Report 617: Accident Modificaticaacters for Traffic Engineering
and ITS Improvements (Harkey et al., 2008). NCHRP Reporpfivides Accident
Modification Factor (AMF) values for conversion to @iy stop control based on a study
conducted by Lovell and Hauer (1986). The results of thelLamd Hauer study are also
used as the recommended AMF for this treatment withifréckeral Highway
Administration (FHWA) Interactive Highway Safety §ign Model.

Lovell and Hauer’s study, which focused primarily on treattsites located in an
urban environment, is regarded as the most comprehensive Evibe safety effects of
converting intersections to all-way stop controhey reanalyzed data from three previous
safety studies in San Francisco, Philadelphia and Miohgad added a new data set from
Toronto. Intersections were converted from eitherivay stop control or one-way streets
to all-way stop control. Reference sites were useddouat for regression-to-the-mean.

The San Francisco data consisted of one year befdrafean comparisons of crashes
occurring at 49 urban intersections converted from twg{wall-way stop control between
1969 and 1973. The San Francisco reference data was olftaiaedifferent time frame
than the treatment data, from 1974 to 1977. The unbiased fesulie San Francisco data

showed a 62 percent reduction in total crashes, an 83 peedeiation in right-angle
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crashes, and a 74 percent reduction in injury crashesPHilzelelphia data contained the
largest treatment sample, with 222 urban intersectidhge. data contained only intersections
converted from one-way streets to all-way stop comttebleen 1968 and 1975, and used
two year before and after comparisons. The unbiased résutte Philadelphia data
showed a 43 percent reduction in total crashes, a 77 peecemwtion in right-angle crashes,
and a 73 percent reduction in injury crashes. Along wehd#dta from San Francisco and
Philadelphia, the Toronto data contained only urban intBoses. The Toronto data
analyzed 79 intersections converted from two-way to feay-stop control between 1975
and 1982. The unbiased results for the Toronto data shod@gercent reduction in total
crashes, a 50 percent reduction in right-angle crashes &8 percent reduction in injury
crashes.

The Michigan data was the only group pertaining to low-volurigh-speed rural
roads and contained a set of ten intersections. Tibkeiddn data used two and three year
before and after periods for intersections converted fngo-way to all-way stop control
between 1971 and 1977. The reference data was obtained from @Q@h 976. The
unbiased results for the Michigan data showed a 53 perachrdtien in total crashes, a 65
percent reduction in right-angle crashes, and a 61 pemdunttion in injury crashes.

Lovell and Hauer’s study reveals consistent safetyceveness for all-way stop
conversion. In the four data sets, total crashes reelgced by 40 to 62 percent, right-angle
crashes were reduced by 50 to 83 percent, and injury crashesadaced by 61 to 74
percent. Likelihood functions were then used to mergéotlvesets of results into joint
estimates of crash reduction factors. After combinisglts, they found that the conversion
to all-way stop control reduced total crashes by 47 percentight-angle and injury crashes

by 72 and 71 percent, respectively.
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Persaud (1986) used the Philadelphia sample converted fromayr&treets to all-way
stop control in a study that examined how traffic voluienes other issues play a role in crash
reductions at urban all-way stops. The results shawthie effectiveness of all-way stop
conversion in urban areas is not limited to a certaigeaf entering volumes that follow
Manual of Uniform Traffic Control Devices (MUTCD) wamts. When analyzing total and right
angle crashes, it “can be just as effective for étring volumes less than 6,000 per day as it
is for higher volumes” (Persaud, 1986). The study also stidiat for total and right angle
crashes, all-way stop conversion in urban areas lessoeffective when approach volumes are
unbalanced as when they are equal on all approaches. aFencecrashes, which make up a
small percentage of total crashes, the effectivenessaes as total entering volumes increase
and as the minor road volume drops below 25 percent.stlidg examined whether there is an
increase in crashes in the acquaintance period immigdadter conversion, and found there is
no significant difference in crashes during the firstrsonths after conversion to all-way stop.
The study also suggests that the effectiveness ofeallstop control does not decrease as its use
becomes commonplace.

A preliminary safety evaluation of all-way stop contn@s conducted by the
NCDOT Safety Evaluation Group in October 2008 using eighissations that had at least
three years of after period crash data (Simpson, unpubliskatls). This preliminary
evaluation provided results using naive before and afteysamand before and after
analysis with a linear adjustment for traffic volumé&hen adjusting for traffic volumes,
the results were a 67, 79, and 82 percent reduction in fatadal impact, and injury crashes,
respectively, at a mix of urban, suburban, and ruralsatgions converted to all-way stop
control without flashing beacons. At intersections Vilalshing beacons, the results were a

76, 80 and 83 percent reduction in total, frontal impact andyigrashes, respectively. This
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paper is an update of that evaluation so we may provide ohgeetive and definite
information regarding actual crash reduction factorsuaiog a more in-depth analysis to

account for regression-to-the-mean.

3. Site Selection

Treatment sites were selected by surveying the NCDOToRelgT raffic Engineering staff
to obtain a statewide listing of known all-way stopatiation locations. The listing is not
necessarily all-inclusive but contains all known lamag at the time. Some locations were
removed from the list because either the installagear was unknown, there was not adequate
before period crash data (crash data are not availabletpri990), or there was not adequate after
period crash data available.

Each treatment site was field inspected to ensur¢hbatwere operating under all-way
stop control and that certain criteria were met. diiteria for selecting treatment sites are listed
below:

» Intersection of two roads with four approaches

» Two-way stop sign control in the before period

» At least three years of ‘before’ crash data avadabl

* At least one year of ‘after’ crash data available

A total of 53 intersections met these criteria. Fohige treatment sites have at least
three years of after period data and an additionaréanbent sites have at least one year of after
period data. All intersections in the three groups luenhe one lane on each approach. The

treatment locations were divided into three groups basedpnesence of an overhead and/or
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sign mounted flashing beacon. Group 1 consists of 33 éat@was without flashing beacons;
Group 2 consists of 8 intersections with flashing beaaobsth the before and after period; and
Group 3 consists of 8 intersections where the flashing beaase installed with the all-way stop
control. Four locations were analyzed but not includedhenad the three groups because the
intersection geometry was different, i.e. there vafipelanes, turn lanes, and/or median dividers.
At the locations where a flashing beacon was present tnwdeway stop control, we assumed
that the beacons were converted to an all-red displdyeaame time as all-way stop control was
installed. Where flashing beacons were installed as pHré dreatment, we assumed that the
flashers were operational on the same date as thewlstop control was installed, with the
exception of two intersections where the beacons Wwere/n to have been installed at a later
date.

It was our intention to include a broad range of treatreg@s, and not just those in urban
and suburban areas. There has not been much reseaschverting intersection control from
two-way to all-way stop in rural areas with high spepproaches. Therefore, sites include
intersections with a range of volumes and approach spdedsnty-two sites are located in
urban and suburban areas, while 31 sites are located imreas. The signing and marking
vary at each intersection. Some intersections haggrdination of treatments to alert motorists
of the all-way stop condition, including oversized stigms, dual stop signs, advanced warning
signs, “stop ahead” pavement markings, stop bars, @entésnarkers on stop signs, and/or flags
posted above stop signs. Because we are unable to detarstatiation dates on the signs and
markings, we are unable to attribute specific crash rezhgcto these additional treatments.

Table 1 shows some key characteristics of treatmias. Si
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4. Results

4.1. Naive Before and After Analysis

A before and after crash analysis was performed &t ietgrsection utilizing the Traffic
Engineering Accident Analysis (TEAAS) software developgdNCDOT’s Traffic Engineering
Branch. The software accesses the North Carolindid Récords Database which contains all
reported crashes in the State since 1990. Because thiatistadates varied from 1994 through
2008, the time periods analyzed for each location varied degean when the all-way stop
control was installed and, in some cases, when nehirfljadeacons were installed. In most
cases, the ending dates for the analyses were deterbyirtied available crash data at the time
the crash analysis was completed, which was throughhvgil, 2009. At several of the older
locations, the beginning date was limited by the lackadlt data prior to 1990. Note that the
before and after time periods consisted of an equal nuoflyerars when available; however,
there was an unequal number of years at some locatitntess than three years of after period
data available. At these locations an adjustmentmeatte to account for the different before and
after time periods. To account for a construction asthilation period, several months before
and after the provided installation dates were omitted fifosnanalysis. The crash analyses
were terminated before any other known countermeasuresimplemented. The data
consisted of all crashes within 150 feet of the treatnmé@rsections.

Crash data are provided for total, injury, frontal impaat], ‘@an stop sign” crashes.
Injury crashes include fatal and non-fatal injury crastwesbined. Frontal impact crash types
considered are as follows: left turn, same roadwatytden, different roadways; right turn, same
roadway; right turn, different roadways; head on; andeangtontal impact crashes occurring in
the intersection or related to the intersection aresiclered target crashes for this

countermeasureNote that a “ran stop sign” crash was defined as a anashich the
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investigating officer noted that the vehicle disregardedtye sign or it could be reasonably
inferred from the speeds at impact that the vehicle dictop at the stop sign. For example, if
the crash involved a frontal impact and both vehicledpeere greater than 20 mph at the time
of the collision, then it was considered a “ran figm” crash. Table 2 provides a listing of
before and after crash data at each site.

Table 3 provides the results of the naive before andaftdysis for all locations, as
well as for Groups 1, 2 and 3. Note that the value dftef+/-" notation indicates the standard
deviation of an estimated value. Conventional Hauer (1987bology and methology was
used in the countermeasure evaluation. Thereforegifotlowing tables, parameter estimates
are denoted as follows:

A = Actual number of after period crashes,

1t = Predicted number of after period crashes, and

0 = Ratio of what safety was with the treatment t@atit would have been without the

treatment (Index of effectiveness).

When considering all treatment locations, the regiltee naive before and after
analysis yielded a 65% (+/- 2%) reduction in total crash&3% (+/- 3%) reduction in injury
crashes, a 74% (+/- 2%) reduction in frontal impact @sisand an 18% (+/- 10%) reduction in
“ran stop sign” crashes. Note that in the befor@gdethere were ten crashes involving fatal
injuries at all treatment locations. In the afterige, there were none.

Group 1 sites, without flashing beacons, experienced a 56%%/# reduction in total
crashes, a 71% (+/- 4%) reduction in injury crashes, a 6898%) reduction in frontal impact

crashes, and a 5% (+/- 15%) reduction in “ran stop sigashes.



Simpson and Hummer 11

Group 2 sites, with flashing beacons in the before ard péiriod, experienced a 77%

(+/- 4%) reduction in total crashes, an 86% (+/- 5%) redncn injury crashes, an 83% (+/- 4%)
reduction in frontal impact crashes, and an 18% (+/- 34%)ation in “ran stop sign” crashes.

Group 3 sites, with flashing beacons only in the after geggperienced an 82% (+/-

3%) reduction in total crashes, an 87% (+/- 4%) reduchionjury crashes, an 86% (+/- 3%)
reduction in frontal impact crashes, and a 48% (+/- 17®&)ateon in “ran stop sign” crashes.
Note that the Group 2 and 3 results for injury, frontal iobpand “ran stop sign” crashes should
be viewed with some reserve due to the small sammd®izhese crash types.

We also analyzed non-target crash types using a naiveslafdrafter analysis because
there was a concern that rear-end crashes and o#lsértgpes would increase after intersections
were converted to all-way stop control. Overall, gheas a 6% (+/- 22%) increase in rear-end
crashes, a 47% (+/- 12%) reduction in ran-off-road crastmesa 6% (+/- 24%) increase in all
other non-target crashes. It appears that the contereating a substantial increase in rear-end
crashes and other crash types is not showing itsékrelwas a substantial reduction in ran-off-
road crashes, which may be attributed to a decreas®idance type crashes.

There are notable limitations with using a naive befodeadter analysis because it
assumes that nothing changed from the before peride tafter period except for the treatment,
and that any changes in collisions can be attributélokettreatment. It does not account for
selection bias, other factors that change over time asittaffic volumes, other countermeasures
and improvements, and motorist behavior. The restittiecnaive before and after analysis are
provided for completeness and for comparison to the EsapBayes analysis, which is the

preferred method of evaluation.
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4.2. Empirical Bayes Method

Empirical Bayes before and after techniques were etilto overcome the threat of
regression to the mean, along with other deficienciéseimaive before and after analysis.
Regression to the mean is the presumption that a #liteturn to its long-term mean crash
frequency after an extraordinarily high or low peridtegression to the mean was a significant
threat in our case because crash history was knowa adfdctor in the selection of treatment at
many of the locations.

The Empirical Bayes approach requires the use of refersites as well as before period
data from the treatment site to estimate the expesetiedy of the treatment site had no
improvements been mad&Ve then compare the actual number of after period sahbe
treatment site to the expected number of after penashes at the treatment site without
improvements. The Empirical Bayes before and aftalyais does not account for changes in
traffic volume experienced at the treatment sitelsar@es in traffic volume will be accounted

for in the next section.

The criteria used for selecting reference sites were:
» Intersection of two roads with four approaches, and

» Two-way stop sign control.

Aerial maps and NCDOT traffic volume maps were usdtienselection of reference
sites and to confirm they met these criteria. Twadneith and sixty eight reference sites, or
approximately five reference sites per treatment siseewhosen and include a cross-section
similar to the treatment sites in urban, suburban arad areas. Reference site crash data were

compiled separately for the individual before periodsllé3 treatment sitesTable 4 provides
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the results of the Empirical Bayes analysis fotadhtions, as well as Groups 1, 2 and 3.
Generally, the results were similar to the resutisfthe naive before-after analysis presented in

Table 3.

4.3. Empirical Bayes with Consideration for Traffic Increase

In this step we adjusted for the increase in trafficireds, which were not accounted for
with the previous Empirical Bayes analysis. The iaseein traffic volumes was a concern
because of the long duration of before and after periogelach of the sites. Some of the analysis
periods were over nine years in duration, and the aveefgeelperiod was approximately five
years. The average change in volume at the treasnestwas approximately 15% from the
middle of the before period to the middle of the gfteriod. A linear assumption was made to
account for the increase in traffic volumes. Tabpgdvides the results from combining the
Empirical Bayes analysis with the traffic volumewsiment for all locations, as well as Groups
1, 2 and 3. Again, the results were not much differemhthe naive before-after results

provided in Table 3.

4.4. Influence of Speed Limits on All-Way Stop Safety Performance

The treatment sites provided us with a diverse groufl-ofagy stop intersections with
approach speed limits ranging from 20 mph to 55 mph. (B3r&tes, there were 18 low speed
sites (with speed limits of 20 to 35 mph on all approacii€simoderate speed sites (with speed
limits of 35 to 45 mph on all approaches and at least oneagpgreater than 35 mph), and 19
high speed sites (with speed limits of 45 to 55 mph orpalicaches and at least one approach
greater than 45 mph). We wanted to determine what rolgpied limits approaching the

treatment intersections play in the crash reductiéingure 1 provides a graph showing the
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relationship between speed limits and total crashes$tat¢aiment sites. It appears that there are
greater crash reductions at the higher speed sites.

We wondered if the presence of flashing beacons wasseie data in Figure 1
because a majority of Group 2 and 3 sites with flashiers in the moderate and high speed
limit ranges. We ran the analysis again using only Gdosifes without flashers. Figure 2
provides a graph showing the relationship between approaath lepés and total crashes at the
33 Group 1 treatment sites. At the Group 1 sites, there still greater crash reductions at the
higher speed sites. It appears that the relationshipebetapeed limits and crash reductions
holds true for our data set, whether analyzing sites evitwithout flashing beacons.

We wanted to determine what factors may have contribotteetdifference in crash
reductions between the higher speed limit and lower spreédites. If not for the higher
percentage of flashing beacons at the higher speed sit@se s@me other intersection
characteristics played a role. Table 1 showed thajtagercentage of the moderate and high
speed sites had additional signing and marking treatmentppéesnent the stop signs, including
oversized stop signs, dual stop signs, advanced warning ‘stppsahead” pavement markings,
stop bars, florescent markers on stop signs, andfs flasted above stop signs. For example,
all of the moderate and high speed limit sites had “stepditsigns, while only about half of the
low speed sites had this treatment. It seems thamolkerate and higher speed limit sites
(typically located in more rural areas) generally hawveore visible all-way stop condition. The
greater crash reductions at the higher speed sites natribated to the use of additional
signing and marking to alert motorists of the all-waystondition. Figure 3 provides an
example of a rural, 45-mph non-flasher location witregy visible all-way stop condition
created by additional signing and marking. These photostaleza two weeks after

installation. At the time, the converted approachesdyadmic message signs, “new traffic
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pattern” signs and two sets of “stop ahead” signs atlging, “stop ahead” and “stop”
pavement markings, stop bars, and dual stop signs.

The relationship between speed limits and crash redsdioggests that the gap between
flasher and non-flasher sites may not be as largfgea®sults initially indicate. The presence of
a flasher may not be the main contributor to Groupd23asites having crash reductions over 20
percent higher than Group 1 sites. Eighty-seven peofébtoup 2 sites and 75 percent of
Group 3 sites had approach speed limits in the moderatagndanges, while only 58 percent
of Group 1 sites had approach speeds within these range$oud that the sites with higher
speed limits generally had higher crash reductions, setihs plausible that the difference
between crash reductions at flasher versus non-flasties may be influenced as much by other
factors such as additional signing and marking at theehigieed limit sites as by the presence

of a flasher.

4.5. Influence of Volume on All-Way Stop Safety Performance

Intersection volumes varied from 680 to 15,400 entering \eshfmér day in the after
period, with the average AADT (annual average daily traféic all locations being
approximately 6,400 entering vehicles per day. As mentionédre&ersaud (1986) studied the
influence of volumes on crash reductions at urbanveaestreets converted to all-way stops and
found all-way stop conversion is effective for a widage of volumes. Our analysis of
intersections converted from two-way to all-way stoptaml shows similar results. Figure 4 is a
scatter plot of the after period intersection AADTsees percent reduction in total crashes for all
treatment locations. There is no apparent trend beteetering volumes and crash reductions.
The conversion to all-way stop control is consisteetfgctive at a wide range of intersection

volumes, and can be just as effective at higher exgteolumes as it is at lower.
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We also examined the effect of traffic volume shlaresafety. There is a still a
prevailing belief that all-way stop control has mortesabenefit when the approach volumes
are nearly equal, even though Persaud’s (1986) results sugggssitas effective when
approach volumes are unbalancddhe minor road volume share varied from 18 percent to 50
percent of the total entering volume at the treatrages. Figure 5 is a plot of minor road
volume share versus percent reduction in total crashed foeatment locations. The sites are
divided into a higher and lower volume group using 6,000 egteshicles per day as the break
point.

In the group of treatment sites, it appears that theersion from two-way to all-way
stop control was effective when intersection volumesunbalanced between the minor and
major approaches under a variety of conditions. Tiseme evidence to suggest that approach
volumes have to be nearly equal for the countermedsine effective. The results were similar
whether the intersection volumes are lower or higinate that NCDOT typically does not
install all-way stop control when the minor road vokughare is low, so there are fewer samples

in the 15-30 percent range.

5. Discussion

The results demonstrate that converting the intesectntrol from two-way stop to all-
way stop led to a substantial reduction in the frequanclyseverity of crashes at a diverse group
of treatment locations. In most cases, the resultg ESmpirical Bayes analysis are very close
to the results using naive before and after analysighwhay suggest that regression to the
mean did not have much of an affect on the data.claseness of results may also be explained
by the reference sites having a relatively high variamceash frequency, which means there

was relatively moderate weight given to the referenteedata. The average weight given to the
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reference sites in the total crash group was around 38mterche reference set represents a
broad array of intersections in rural and urban arettsamwvide range of entering volumes,
similar to the treatment sites. Therefore thers avaigh variability in the number of total
crashes at the reference sites.

The influence of speed limits on crash reductions werestigated because some
guestion how appropriate all-way stop control is at nataksections with 45 to 55 mph speed
limits. Contrary to this common belief, it appearatithere were greater crash reductions at the
higher speed treatment sites. This relationship betwessddimits and crash reductions held
true when analyzing sites without flashing beacons asaséghose with them. We concluded
that many more of the sites with moderate and high dpagd utilize a combination of
additional signing and marking treatments to emphasizalttheay stop condition. The
additional signing and marking likely contributed to the greatash reduction.

In addition to the aggregated results, the data were gragpadately by presence of an
overhead and/or sign mounted flashing beacon. It apgedrthe groups with flashing beacons
(Groups 2 and 3) performed better than those without (Groupldyever, as discussed earlier,
the difference in crash reductions may be attributetddarge percentage of high speed sites
with additional signing and marking in Groups 2 and 3 as muti the presence of flashers.
Groups 2 and 3 outperformed Group 1 when it came to “ransgj@” crashes, but again the
results may be skewed by additional signing and markingeatigher speed sites and may not
be solely attributed to the presence of flash@itee sample sizes of “ran stop sign” crashes for
Groups 2 and 3 were small, making it difficult to drawiig’e conclusions. After accounting
for regression to the mean, Group 2 (sites with nemdiailed flashers in the after period) and
Group 3 (sites where flashers were present in bothdftee and after period) performed about

the same.
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The injury and frontal impact crash categories seerspeaally benefit from the
conversion to all-way stop control, as expected. ube all-way stop condition, vehicles in
crashes tend to be traveling at much lower speeds attimpathe treatment sites, we
specifically found a substantial decrease in vehicle spstddgpact in “ran stop sign” crashes.

In “ran stop sign” crashes, the average speeds at imyasie approximately 32 mph in the
before period and 21 mph in the after period, a decreaseofLO0 mph.

Based on the data set, the current selection and paterhall-way stop control in
North Carolina implies that the countermeasure is raffsttive within a narrow range of
volume conditions and under nearly balanced volumeasveier, our results found that the
conversion to all-way stop control is consistentfgeive at a wider range of intersection
volumes, and can be just as effective at higher exgteolumes as it is at lower. The results also
show that the conversion to all-way stop controlloaras effective when intersection volumes
are unbalanced between the minor and major approachdeaghey are nearly equal. Of
course, this does not mean that volumes play no ptreéisafety of all-way stop controlled
intersections, only that in our limited sample thers wa apparent trend between these volume
characteristics and crash reductions.

In North Carolina, the current cost for conversiamirtwo-way to all-way stop control is
approximately $5,000, which includes use of dual oversized gjop, Sstop ahead” signs, and
“stop ahead” pavement markings on the converted approatiiesn converting existing
flashing beacons or adding new flashing beacons, recenttgrbgaee been set up with up to
$20,000. Benefit-cost analyses at several of the sithsknown installation and maintenance
cost have resulted in benefit-cost from 11:1 to 86:1mamy cases the conversion from two-way

to all-way stop control creates extremely competipk@ects that can be funded quickly and
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implemented quickly as well, especially at intersectisith a strong pattern of frontal impact

crashes that do not meet traffic signal warrants.

5.1. Recommended Crash Reduction Factors
The recommended crash reduction factors for convefiomtwo-way stop control to
all-way stop control are the factors calculated leyEmpirical Bayes method with consideration

for traffic increase, which are:

Total Crashes -68%
Injury Crashes -T17%
Frontal Impact Crashes -75%
Ran Stop Sign Crashes -15%

The recommended crash reduction factors use data froavénall group of 53
locations, regardless of whether a flasher is presewhether the intersection is rural, low
volume and high speed or urban, higher volume and low spéezloverall conclusion is based
on the most expansive group to provide the widest scogbpms The results were run both
with and without the four extra sites with geometryatégnces, and there was not a significant

change in the results with their inclusion in the group.
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Table 1 Listing of Treatment Sites

% Advance s 5
Site  Group Flashing Beacon Over;'izg:is Sup Du;i;::op ‘;:’;::ge Parem‘em Stop Bars  Flags on Signs Floum;::;: 3;:::@“ on ]_T]:f;dl :11:: 1erdz
Marking §
1 1 None No No Yes No Yes No No 25 35
2 1 None No Yes Yes No Yes No No 33 33
3 1 None Yes Yes Yes No No No No 45 45
4 1 Nuone No No Yes Yes Yes No Yes 35 33
5 1 None No Yes Yes No Yes No No 25 25
6 1 None No Yes Yes No Yes No No 45 45
7 1 None No No Yes No Yes No No 45 45
8 1 None No No Yes No No No No 35 55
9 i} None No No Yes No Yes No No 35 35
10 1 None No Yes Yes No Yes No No 45 35
11 1 None No No Yes No No No No 55 55
12 | None Yes Yes Yes No Yes Yes No 45 45
13 1 None No No No No Yes No No 25 25
14 1 None No No Yes No Yes No No 35 55
15 1 None No No Yes No Yes No No 45 55
16 1 None Yes Yes Yes Yes Yes Yes No 45 45
17 1 None No No No No No No No 20 25
18 1 None No Yes Yes No Yes No No 50 33
19 1 None No No No No No No No 25 25
20 1 None No No No No No No No 25 25
21 | None No No No No No No No 25 25
22 1 None No Yes Yes No Yes No Yes 35 30
23 1 None No No Neo No No No No 25 25
24 1 None No No No No No No No 25 25
25 1 None No Nao Yes Yes Yes No No 45 45
26 1 None No No Yes No Yes Yes No 35 35
27 1 None No Yes Yes No Yes No No 45 45
28 1 None No No Yes No Yes No No 45 55
2 1 None Yes Yes Yes Yes Yes No No 35 55
30 1 None No Yes Yes Yes Yes No No 45 55
31 1 None Yes Yes Yes Yes Yes Yes No 55 55
32 1 None Yes Yes Yes Yes Yes Yes No 45 45
33 1 None No No Yes Yes Yes Yes No 35 25
34 2 Overhead No Yes Yes Yes Yes No No 43 45
35 2 Overhead Yes Yes Yes No Yes Yes No 45 435
36 2 Overhead No Yes Yes Yes Yes No No 35 35
37 2 Overhead No Yes Yes Yes Yes Yes No 45 45
38 2 Overhead Yes Yes Yes Yes Yes Yes No 55 45
39 2 Overhead & Sign Mounted Yes Yes Yes Yes Yes Yes No 55 55
40 2 Onverhead Yes Yes Yes Yes Yes No No 45 55
41 2 Overhead Yes Yes Yes Yes Yes Yes No 55 45
42 3 Overhead Yes Yes Yes Yes Yes No No 45 45
43 3 Overhead No No Yes No Yes No No 55 55
44 3 Overhead No Yes Yes Yes Yes No No 35/45 45
45 3 Overhead No Yes Yes No Yes Yes No 55 55
46 3 Overhead & Sign Mounted No No Yes No Yes Yes No 35 35
47 3 Overhead No Yes Yes No Yes No Yes 35 50
48 3 Sign Mounted No No Yes No Yes Yes No 30 30
49 3 Sign Mounted No Yes Yes Yes Yes No No 45 55
50 None Yes Yes Yes Yes Yes Yes No 35/45 43
51 Overhead Yes Yes Yes Yes Yes Yes No 45 35
52 Overhead & Sign Mounted Yes No Yes Yes Yes Yes No 45 50

53 Sign Mounted No No Neo No Yes No No 30 35
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Table 2 Before and After Crash Data at Treatment Sites

Before Period

22

After Period

Total Injury Frontal Impact Ran Stop Total Injury Frontal Impact Ran Stop

Intersection Crashes Crashes  Crashes Per Crashes Intersection Crashes Crashes Crashes Per  Crashes

Site Group| Years AADT Per Year Per Year Year Per Year |Years  AADT Per Year Per Year Year Per Year
1 1 4 9700 4.00 0.75 275 0.50 4 9400 6.25 1.25 3.50 225
2 1 5.75 6700 4.00 2.09 313 0.35 5.75 8950 1.74 0.87 1.74 0.87
3 1 0.58 2900 1.52 0.91 1.37 0.61 6.58 4450 1.37 0.30 0.91 091
4 1 6.5 6150 6.92 215 538 1.6Y 6.5 9450 631 277 292 1.38
5 1 7 4200 1.29 1.00 1.14 0.43 7 3400 0.43 0.00 0.14 0.14
[ 1 8.58 3775 338 1.28 326 0.47 8.58 4150 0.35 012 0.12 0.12
7 1 858 5400 245 1.86 245 0.47 8.58 5100 0.47 0.23 0.23 012
8 1 7.92 1820 341 1.77 2.90 (.88 7.92 2670 0.63 0.25 0.38 0.38
9 1 75 8600 4.93 240 4.00 1.33 7.5 T400 1.07 0.13 0.40 0.00
10 1 7.58 10800 1.98 0.92 119 0.00 7.58 12250 251 0.66 1.58 0.79
11 1 7.09 3850 1.55 1.13 1.41 0.14 7.09 3900 1.13 0.71 0.71 0.56
12 | 6.5 5600 492 323 4.77 0.62 6.5 7650 1.85 0.92 1.38 1.23
13 1 6.09 2000 0.33 0.16 0.33 0.00 6.09 2400 0.16 0.00 0.16 0.00
14 1 5.84 5500 2.74 1.20 1.20 0.17 5.84 9200 240 086 1.37 1.20
15 | 5.33 12100 6.19 356 582 1.50 5.33 15100 1.13 0.56 0.75 0.56
16 1 516 6000 523 291 5.04 L.16 516 5300 0.78 0.19 0.78 0.58
17 1 4.75 2000 0.63 0.21 042 0.00 4.75 2400 0.21 0.21 0.21 0.00
18 | 475 8O50 358 .89 274 0.21 4.75 11750 1.05 .63 1.05 021
19 1 467 730 0.00 0.00 0.00 0.00 4.67 680 0.00 .00 0.00 (.00
20 | 4.67 730 021 0.00 0.21 0.21 4.67 6RO 0.00 0.00 0.00 0.00
21 1 4.67 730 0.00 .00 0.00 0.00 4.67 6RO 0.21 0.00 0.00 0.00
22 1 467 5600 0.64 043 0.21 0.00 4.67 5000 .86 043 0.21 (.00
23 | 433 730 0.00 0.00 0.00 0.00 4.33 6RO 0.00 0.00 0.00 0.00
24 1 425 1000 118 0.47 118 0.47 4.25 1200 0.47 0.00 0.47 0.00
25 1 3.5 5750 457 229 4.29 0.86 35 7000 2.29 0.57 2.00 1.14
26 | 3.25 4750 308 2,77 2.77 0.31 3.25 5100 0.31 0.00 0.31 0.31
27 1 3.16 BR00 981 728 586 .63 316 11450 3.80 127 253 1.27
28 | 3.16 5350 5.38 2.85 443 0.32 3.16 8150 1.58 0.63 0.95 1.27
29 | 3 6350 533 1.67 4.67 0.00 .58 G300 1.33 0.00 1.33 0.33
30 1 3 5600 4.00 3.00 3.67 1.00 1.75 6200 0.33 (.00 0.33 (.33
3 1 3 4300 7.33 3.33 6.33 1.67 1.58 5300 0.33 0.33 0.33 0.00
32 | 3 8200 5.00 333 4.67 1.67 .58 ERO0 0.00 0.00 0.00 0.00
33 1 3 2800 1.00 (.00 0.33 0.33 1 3000 0.00 0.00 0.00 0.00
34 2 9 6650 344 1.89 3.00 0.44 9 7500 0.67 022 0.44 0.11
35 2 9.34 3550 396 1.18 343 0.00 934 5650 0.43 0.00 0.32 0.00
36 2 7.09 7600 310 0.71 2.54 0.28 709 9650 .85 0.14 0.28 0.00
3 2 4,08 6650 J.68 2.70 3.68 0.00 4.08 5300 245 0.98 1.96 1.47
38 2 341 5500 4.11 1.17 3.23 0.29 3.41 6100 0.88 0.00 0.59 0.29
39 2 3 5600 6.67 6.00 4.67 0.33 1.92 6300 0.67 0.33 0.33 0.33
40 2 3 10150 333 1.67 3.00 L.00 1.83 13650 0.33 0.33 0.33 0.00
41 2 3 4920 1.33 0.33 1.33 0.33 1.5 5500 0.00 .00 0.00 .00
42 3 425 4250 565 494 541 1.41 4.25 5100 1.41 047 1.18 0.71
43 3 9.42 1340 096 0.32 0.74 0.00 9.42 1400 0.32 011 0.11 0.11
44 3 525 7100 343 1.52 324 0.38 5.25 9900 0.76 038 0.19 0.00
45 3 6.42 3050 6.23 4.83 5.61 0.62 6.42 3350 1.09 0.62 0.78 0.47
46 3 592 6800 9.29 372 7.26 1.18 5.92 6900 1.35 0.34 0.68 0.51
47 3 4.58 4900 371 1.53 3.49 0.66 4.58 5000 0.22 022 0.22 022
48 3 3.33 5000 4.50 1.80 2,70 0.90 3.33 G000 1.20 0.00 1.20 0.60
49 3 3 6900 5.00 2.67 4.67 0.67 l.16 7350 0.33 0.33 0.33 0.33
584 4200 2.74 1.71 223 0.51 5.84 4775 0.34 0.00 0.00 0.17
51 5.08 6400 T.09 4.13 T.09 1.57 5.08 T000 3.35 1.57 2.36 098
52 3 15350 9.33 6.33 8.33 2.67 3 15400 2.67 1.33 2.67 1.33
53 241 10000 1.33 0.41 1.24 0,33 2.41 11000 (.83 0.41 (.83 0.41
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Table 3 Parameter Estimates Using Naive Before and After Aisalys

23

A T 0 Percent Reduction
Total Crashes
All Sites 312.0 +/- 17.7 8988 +/- 300 0347 +/- 0.023 -653% +/- 2.3%
Group 1 217.0 +/- 147 4919 +/- 222 0440 +/- 0.036 -56.0% +/- 3.6%
Group 2 320 +- 57 139.9 +/- 118 0.227 +/- 0.044 S77.3% +H- o 4.4%
Group 3 340 +/- 58 183.8 +/- 13.6 0.184 +/- 0.034 -81.6% +- 3.4%
Injury Crashes
All Sites 111.0 +/- 105 4754 +/- 218 0.233 +/- 0.025 S76.7% - 2.5%
Group 1 76.0 +- 87 2604 +/- 6.1 0291 +/- 0.038 -70.9% +- 3.8%
Group 2 9.0 +/- 30 631 +/- 79 0.140 +/- 0,049 -86.0% +/- 4.9%
Group 3 13.0 +- 36 101.1 +/- 10.1 0.127 +/- 0.037 -87.3% +- 3.7%
Frontal Impact Crashes
All Sites 2010 +/- 142 7708 +/- 278 0260 +/- 0.021 S74.0% +H- 2.1%
Group 1 136.0 +/- 11.7 418.5 +/- 205 0.324 +/- 0.032 -67.6% +- 3.2%
Group 2 21.0 4+~ 46 119.5 +/- 109 0.174 +/- 0.041 -82.6% +- 4.1%
Group 3 220 4/~ 47 1564 +/- 125 0.140 +/- 0.032 -86.0% +/- 32%
"Ran Stop Sign" Crashes
All Sites 116.0 +/~ 10.8 140.9 +/- 119 0817 +/- 0.102 -18.3% +/- 102%
Group 1 82.0 +~ 9.1 854 +/- 92 0.950 +/- 0.145 -5.0%  +- 14.5%
Group 2 9.0 +/- 30 100 +/- 32 0.820 +/- 0.343 -18.0% +/- 34.3%
Group 3 14.0 +/- 3.7 258 +/- 51 0.523 +/- 0.167 -47. 7% - 16.7%
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Table 4 Parameter Estimates Using Empirical Bayes Methods
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A i 0 Percent Reduction
Total Crashes
All Sites 3120 +- 17.7 871.7 +/- 273 0358 +/- 0.023 -04.2% +/- 2.3%
Group 1 217.0 +/- 14.7 481.8 +/- 203 0.450 +/- 0.036 -55.0% 4/~ 3.6%
Group 2 320 +/- 57 140.1 +/- 11.0 0227 +/- 0,044 -77.3% +- 4.4%
Group 3 340 +/- 58 173.8 +/- 122 0.195 +/- 0.036 -80.5% +/- 3.6%
Injury Crashes
All Sites 111.0 +/- 10.5 436.0 +/- 184 0254 +/- 0.026 -74.6% +- 2.6%
Group 1 760 +/- 87 2409 +/- 13.7 0314 +/- 0.040 -68.6% +/- 4.0%
Group 2 9.0  +/- 3.0 626 +/- 7.0 0.142 +/- 0.049 -85.8% +/- 4.9%
Group 3 130 +- 36 89.5 +/- 84 0.144 +/- 0.042 -85.6% +/- 42%
Frontal Impact Crashes
All Sites 201.0 +/- 142 7283 +/- 240 0276 +/- 0,022 -72.4% +- 22%
Group 1 136.0 +/- 11.7 4002 +/- 18.2 0.339 +/- 0.033 -66.1% +/- 3.3%
Group 2 210 +/- 46 1163 +/- 99 0.179 +/- 0.042 -82.1% +/- 42%
Group 3 220 +- 47 1443 +/- 11.0 0.152 +/- 0.034 -84.8% +/- 3.4%
"Ran Stop Sign" Crashes
All Sites 116.0 +/- 108 1219 +/- 85 0947 +/- 0.110 53% - 11.0%
Group | 820 +/- 9.1 76.1 +/- 6.8 1.068 +/- 0.150 6.8% +/- 15.0%
Group 2 9.0 +- 3.0 1.7 +- 27 0.731 +/- 0.281 -26.9% +/- 28.1%
Group 3 140 +/- 37 205 +/- 3.4 0.665 +/- 0.204 -33.5% +/- 20.4%
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Table 5 Parameter Estimates Using Empirical Bayes Methods®@athsideration for Traffic

Increase

A T 0 Percent Reduction
Total Crashes
All Sites 3120 +- 17.7 976.7 +/- 3064 0.319 +/- 0.022 -68.1% +/- 2.2%
Group 1 2170 +/- 147 551.3 +/- 276 0393 +/- 0.033 -60.7% +/- 3.3%
Group 2 320 +- 57 1603 +/- 15.1 0.198 /- 0.039 -80.2% +/- 3.9%
Group 3 340 +- 58 1845 +/- 154 0.183 +/- 0.035 R1.7% +/- 3.5%
Injury Crashes
All Sites 111.0 +/- 105 481.1 +/- 245 0.230 +/- 0.025 S77.0%  +- 0 2.5%
Group 1 76.0 +- 87 2737 +/- 187 0276  +/- 0.037 12.4%  +- 3.7%
Group 2 90 +/- 3.0 65.6 +/- 89 0.135 +/- 0,048 -86.5% +/- 4.8%
Group 3 13.0 +/- 3.6 96.0 +/- 10.8 0.134 +/- 0.04 -86.6% +/- 4.0%
Frontal Tmpact Crashes
All Sites 201.0 +/- 142 812.1 +/- 328 0.247 +/- 0.02 -75.3% +- 2.0%
Group | 136.0 +/- 11.7 4541 +/- 247 0.299 +/- 0.03 -70.1%  +- 3.0%
Group 2 21.0 +/- 46 1332 +/- 136 0.156 +/- 0.037 -84.4% +/- 3.7%
Group 3 22.0 +/- 47 153.0 +/- 139 0.143 +/- 0.033 -85.7% +/- 3.3%
"Ran Stop Sign" Crashes
All Sites 116.0 +/- 10.8 1345 +/- 127 0.855 +/- 0.112 -14.5% +H- 11.2%
Group 1 82.0 +/- 91 857 +/- 103 0943 +/- 0.152 S5.7% e 152%
Group 2 9.0 +- 3.0 124 +/- 37 0.667 +/- 0275 -33.3% +- 27.5%
Group 3 140 +- 3.7 22,1 +- 50 0.601 +/- 0.201 -39.9%  +- 20.1%
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Figure 1 Relationship between Speed Limits and Total Crashessatient Sites — Al
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Figure 2 Relationship between Speed Limits and Total Crasheseatrent Sites — Group 1
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Figure 3 Signing and Marking on a Recently Converted 45-mph Approach
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Figure 4 Influence of Intersection AADT on Crash Reductions r@aiment Sites
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Figure5 Influence of Minor Road Volume Share on Crash Reducabidseatment Sites
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