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Overview

The Federal Highway Administration (FHWA) Office of Safety
has identified intersections as one of its safety focus areas.
As part of the FHWA efforts to reduce intersection crashes
and the related injuries and fatalities, two concepts have been
identified: (1) rumble strips on outside shoulders and in a
painted yellow median island on major road approaches and
(2) channelizing separator islands on side road approaches
with supplemental STOP signs. Specifically, the strategies are
low-cost countermeasures for intersections at two-lane, two-
way roadways with two-way STOP-control (TWSC). The lane
narrowing concept (concept 1) features the introduction of
rumble strips on the outside shoulders and in a painted yellow
median island on the major road approaches (figures 1 and 2).

Figure 1. Concept 1.




Figure 2. lllustration of concept 1.
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The objective of this first concept is to induce
drivers on major roads to reduce approach
speeds at intersections by effectively reducing
the lane width. The minor road splitter island
concept (concept 2) features channelizing
separator islands on the side road approaches
on which supplemental STOP signs are installed
(figures 3 and 4). The objective of the second
conceptisto provideredundancy ofthe STOPsign
and increase driver-compliance with the STOP
sign. A third concept includes the combination
of concepts 1 and 2 (figure 5). The concepts
have greater potential for effectiveness on
intersections of high-speed roadways. However,
they can also be applied to intersections with
lower posted speed limits. With the cooperation
of several transportation agencies, these two
strategies were deployed at a limited number of
sites in the United States. This paper documents
an evaluation of the operational and safety
effectiveness of these strategies.

Figure 3. Concept 2.

Introduction

Intersections represent a significant safety issue
from several perspectives. In 2005, more than
50 percent of all crashes in urban areas and
over 30 percent in rural areas were intersection-
related.” Crash severity at intersections is also
a concern for certain States; over 60 percent of
fatal intersection crashes in Minnesota occur at
rural intersections.? In addition, specific driver
populations,including olderandyoungerdrivers,
are over-represented in these fatalities.

Driver compliance with the STOP sign is a major
contributing factor of intersection crashes.
Statistics for crashes reported at STOP-controlled
intersections on rural highways in Minnesota
indicate that 26 percent of drivers who were
involved in multivehicle crashesranthe STOP sign
at the intersection.”® A recent publication by the
National Highway Traffic Safety Administration
(NHTSA)“ indicates that drivers failed to obey the
STOP sign for 21 percent of fatal crashes at STOP-
controlled intersections. An additional 23 percent
failed to yield to crossing main road traffic.

Intersections present several hazards that are
different from road segments. First, drivers on
the minor road must identify the STOP sign
and bring their vehicle to a complete stop at
the appropriate location. Each driver's ability
to identify the STOP sign can be affected by
a number of factors, including the placement,




size, and retroreflectivity of the sign. At TWSC
intersections, drivers onthe minorapproach must
also identify and select a safe gap for entering the
traffic stream on the major road. A driver’s ability
to judge gaps may be influenced by speeds on the
major road (i.e., if speeds on the major road are
higher than expected, gaps that appear sufficient
may, in fact, be too small). Therefore, strategies
for reducing speeds on the major approach and
for increasing driver compliance on the minor
approach have the potential to enhance safety.
Concepts 1 and 2 address the issues of speed
on the major road and driver compliance on the
minor road, respectively.

Concept 1 focuses on reducing speeds on the
major approaches by narrowing the lane width
and will hereafter be referred to as the lane
narrowing concept. While there was no literature
related to this exact concept, other studies
have shown that the roadway environment can
affect drivers’ speed. For example, one study
indicated that speed perception was greater
when the roadway was lined with trees, creating
a narrowing effect.® With respect to safety, the
effects of lane-narrowing techniques have not
been studied thoroughly. Regarding the use of
rumble strips, shoulder and centerline rumble
strips have been shown to enhance safety by
reducing run-off-road and cross-over crashes.
However, thereisaconcernthatcenterlinerumble
strips could have a negative impact on safety.
The shoulder rumble strip application is more
common than the centerline rumble strip, and
drivers may have a general a priori expectancy
to steer left when encountering rumble strips
while unaware of their lane position. A recent
study® verified this concern using a simulator
experiment and concluded that some drivers
(about 27 percent) initially steered left when
encountering centerline rumble strips while
unaware of their lane position.While this concern
may hold for applications of the lane narrowing
concept, the rumble strips are more of a lane-
narrowing device than a warning for unaware
motorists. For those drivers that are aware of
their lane position, the use of rumble strips as

Figure 4. lllustration of concept 2.
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Figure 5. lllustration of concept 3.
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a lane narrowing device should not be a safety
issue. ltis likely that the concern would only hold
for those drivers who cross the centerline while
unaware of their lane position at the approach to
the intersection.

Concept 2 focuses on increasing intersection
awareness by adding a supplemental STOP
sign on the minor approaches via a separator
island, hereafter referred to as the minor road
splitter island concept. Similar implementations
were found to produce a 30 percent reduction
in total crashes in New Zealand” and a
30 percent reduction in angle and crossing
crashes in France.®

Participating States

Several local and State agencies were solicited
for participation in the deployment of the
proposed concepts. Favorable responses
were received from agencies in many States
including Maryland, Virginia, New Mexico,
lllinois, Pennsylvania, Kentucky, Missouri,
Florida, and California. For this study, the
lane narrowing concept was implemented at




10 sites, and speed changes were evaluated
at 9 sites, including sites in Florida, Kentucky,
Missouri, and Pennsylvania. The speed change
results were consistent between the first 9 sites;
therefore, the tenth site was not included in
the speed study. The minor road splitter island
concept was implemented and evaluated at one
site in Lorton, VA. Concept 3 was implemented
at one site in Cumberland, MD. Participating
agencies selected the sites for deployment of the
proposed concepts; however, the research team
worked closely with the participating agencies
to provide guidance during the site selection
process. Selected intersections exhibited one or
more of the following characteristics:

° The presence of the intersection is difficult
to detect for approaching drivers.

° Speeding was identified as an issue at the
intersection.

o Measured speeds are higher than
established criteria (e.g., estimated safe
intersection approach speed).

o The patterns of crashes indicate

speed-related causation.

o Lack of compliance at STOP signs was
observed frequently at the intersection.

Figure 6.Typical design of concept 1.

Typical Design of Concepts

The lane narrowing concept features the
introduction ofanarrow medianisland formed by
pavement markings in conjunction with rumble
strips placed between the two travel lanes of a
major road. It also includes the introduction of
rumble strips outside of the edgelines within
the existing pavement width as shown in
figure 3. The median island and rumble strips
effectively reduce the travel lane width prior to
an intersection. The objective of this concept is
to induce drivers to slow down as they approach
an intersection. The installation of this concept
is relatively low cost. While Pennsylvania spent
between $50,000 and $70,000, the installations
in other States were much less expensive.
Based on data from the remaining States, the
implementation costs for the lane narrowing
concept ranged from $10,000 to $30,000 per
intersection, excluding construction costs
unrelated to the concept implementation.

A typical design template for the lane narrowing
concept is shown in figure 6. For this scenario,
lane widths on the major road are reduced from
3.66 m (12 ft) to 2.75 m (9 ft), as measured from
the inside edges of the pavement markings.
The effective lane width after implementation is
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3.05m (10 ft), as measured from the inside edges
of the rumble strips. The design template shows
three distinct sections (A, B, and C). Prior to the
lane narrowing, appropriate signing is placed
at the beginning of section A to warn motorists
of the upcoming taper or intersection. The end
of section A corresponds with the beginning
of section B (i.e., the lane taper). Section B
gradually transitions from a median width of
0 m (0 ft) to the full width of the median at the
end of the section. Section C carries the full
width of the median for 45.75 m (150 ft) up to the
intersection, but the rumble strips end 15.25 m
(50 ft) prior to the intersection. Table 1 indicates
the lengths of each section based on the posted
speed of the roadway. For example, if the posted
speed of the major road is 88.55 km/h (55 mi/h),
then the lengths of sections A, B, and C would
be 30.5 m (100 ft), 61 m (200 ft), and 45.75 m
(150 ft), respectively.

Table 1. Concept 1 section lengths.

Speed Section A Section B Section C

(mi/h) (ft) (ft) (ft)

45-55 100 200 150

60 150 200 150
1ft=0.305m

Milled rumble strips are installed within the
median and along the shoulders. The median
rumble strips start at the beginning of section B
and continue through section C, ending 15.25 m
(50 ft) prior to the intersection. Traveling toward
the intersection, shoulder rumble strips start
15.25 m (50 ft) prior to the beginning of section B
and end 15.25 m (50 ft) prior to the intersection.
Traveling away from the intersection, shoulder
rumble strips start 15.25 m (50 ft) past the
intersection, continuing through sections C and
B, and ending at section A. A typical design for
rumble strips is shown in figure 7 Transverse
pavement markings are shown in the median.
The yellow transverse markings are 0.61 m
(2 ft) wide and placed at a 45-degree angle with
a spacing of 6.1 m (20 ft).

The minor road splitter island concept features
channelizing islands on the minor approaches
of one-way or two-way STOP-controlled
intersections as shown in figures 4 and 8. The
objective of this concept is to improve the
conspicuity of the STOP sign and increase driver
compliance. This concept primarily focuses on
increasing driver awareness of the intersection
by adding a supplemental STOP sign on the
minor approaches via a separator island.

Figure 7. Typical rumble strip design.
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Figure 8.Typical design of concept 2.
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A typical design template is shown in thetraveled way onthe minor approach, andthe

figure 8. For the minor road splitter island
concept, the major design considerations are
the type of separator island (traversable or
nontraversable) and the turning radius of large
vehicles.Thetypicaldesignofthe separatorisland
is an oval, 4.27 m (14 ft) in length and 2.135 m
(7 ft) in width, constructed of either earth material
or concrete. A secondary STOP sign is placed
on the separator island at the nose closest to
the cross road. The double yellow pavement
markings on the minor road are separated prior
to the island and extended along the sides of
the island to guide motorists as per the Manual
on Uniform Traffic Control Devices (MUTCD).®
Guidance for calculating the minimum taper
length for the pavement markings can be found
in the MUTCD, Section 3B-10.®To accommodate
larger vehicles turning from the minor approach,
the separator island is offset left of center.

For the design template, the center of the island
is located 5.3 m (175 ft) from the right edge of

nose of the island is set back 7.2 m (23.5 ft) from
the nearest edge of traveled way on the crossing
roadway. These dimensions are, however,
dependent on the turning radius of the design
vehicle. The minor approach may also need to
be flared depending on the existing turning
radius to accommodate the design vehicle.

Implementation of Concepts

Design templates, shown previously in
figures 6 and 8, were provided to the States for
the applicable treatment. However, the States
did not always follow the template exactly
(table 2). As perthe design templates, lane widths
on the major road were reduced from 3.66 m
(12 ft) to 3.05 m (10 ft). The 3.05-m (10-ft)
effective lane width is measured as the distance
between the inside edges of the rumble
strips. Field measurements indicated that lane
widths actually varied from one point to the
next because of limited accuracy in pavement




Table 2. Design variations among sites.

State Location Lane width Lane width within Painted median

prior to taper (ft) narrowed section (ft) width (ft)
Pennsylvania PA 4 12 10 4
Kentucky KY 2 12 9.5 3.5
Missouri MO 1 1 9 3
Missouri MO 2 1-12 9-10 4-6
Missouri MO 3 11-12 9-10 4-6

1ft=0.305m

marking techniques and rumble strip milling
techniques. For the lane narrowing concept,
typical lane widths on the major approaches
ranged from 3.36 m (11 ft) to 3.66 m (12 ft)
before implementation. After implementation,
typical lane widths on the major approaches
ranged from 2.75 m (9 ft) to 3.06 m (10 ft)
within the narrowed section. Field visits also
revealed different installation practices among
contractors. For example, contractors measured
between the inside edges of the pavement
markings when calculating the effective lane
widths for the intersection approaches at a
few locations. Several other variations of the
design were actually implemented as shown in
figures 9 through 12.

Figures 9 and 10 illustrate an installation of the
lane narrowing concept in Pennsylvania. Prior
to implementation of the concept, the major
road approaches included 3.66-m (12-ft) lanes.
The deployment of the lane narrowing concept
effectively narrowed the major approaches to
3.05 m (10 ft). In this example, milled rumble
strips were installed beginning at the outside
edge of the pavement markings, similar to the

Figure 9. Concept 1 at PA 4.

design shown in figure 7. A painted median was
also implemented at a width of 1.22 m (4 ft) and
is clearly visible with cross-hatching.The double
rumble strips in the median were each 4.06 m
(16 inches) wide, which almost covers the full
width of the median at the widest point. The
rumble strip layout and cross-hatching within
the median are desirable design characteristics.

Figures 11 and 12 provide an example of the
lane narrowing concept in Florida. Much of
the design is similar to the installation shown
in figures 9 and 10; however, the median is
slightly narrower at the location in Florida. The
median rumble strips fully cover the width of
the median between the inside edges of the
pavement markings. In addition, a double solid
(as opposed to a single solid) yellow pavement
marking was used along each side of the median
rumble strips, and raised pavement markings
were installed along the centerline. Both the
shoulder and median rumble strips end 15.25 m
(50 ft) prior to the intersection. The rumble strip
and pavement marking layouts are desirable
characteristics for the lane narrowing concept.




Figure 10. Example 2 of concept 1 at PA 4.

Figures 13 through 15 show examples of
the lane narrowing concept at two different
sites in Kentucky. At both sites, the concept
was implemented at intersections with left-
turn lanes on the major approaches. This was
accomplished by creating extra space between
the left-turn lane and the opposing and adjacent
through lanes. Rumble strips were then installed
between the left-turn lanes and the opposing
and adjacent through lanes as well as along
the shoulders. A combination of milled and

rolled rumble strips were installed. The previous
examples show the median rumble strips ending
prior to the intersection to accommodate turning
vehicles. At both sites in Kentucky, however, the
median rumble strips were installed up to the
intersection. Additionally, rumble strips were
installed along only the right edge of the white
painted median that separates the left-turn lane
from the through lane in the same direction.
Beyond these similarities, there are subtle
differences between the two sites.

At the first site (figures 13 and 14):

L The median
cross-hatching.

is very obvious due to

° Rumble strips are installed along both inside
edges of median prior to the left-turn lane.

b Rumblestripsareinstalledalongbothedges
of the yellow painted median that separates the
left-turn lane from the opposing through lane.

b Pavement markings are painted directly
on the rumble strips, which are referred to as
rumble stripes.This is in contrast to the previous
designs where the pavement markings are
painted closer to the traffic. Rumble stripes
create a vertical edge, providing better visibility
at night and in wet weather conditions.

° White skip-lines are installed across side
road approaches to designate the right edge of
the travel way for through vehicles.

° White arrows are painted on the road to
designate left-turn and through lanes.

At the second site (figure 15):

° There is a lack of cross-hatching between
the left-turn and opposing through lanes which
reduces the conspicuity of the median.This is an
undesirable design characteristic.

b Rumble strips are only installed along the
left inside edge of the painted median prior
to the left-turn lanes, which narrows the lane
for drivers leaving the intersection but not for
drivers approaching the intersection.




° Rumble strips are installed along only
the left edge of the painted median that
separates the left-turn lane from the opposing
through lane.

° Rumble strips are installed along only the
right edge of the painted median that separates
the left-turn lane from the through lane in the
same direction.

A typical design of the lane narrowing concept
with left-turn lanes is shown in figure 16. Due to
the presence of left-turn lanes, section C from
figure 6 was modified slightly to create sections
C and D as shown in figure 16. In this design,
sections C and D include narrowed lanes with a
painted median that extends to the intersection.
Rumble strips are installed along both inside
edges of all painted median islands and end
15.25 m (50 ft) prior to the intersection. Section
C is now 30.5 m (100 ft) rather than 45.75 m
(150 ft), but there is the added length of the
turn lane (section D) to increase the length
of the lane narrowing. Again, the lane width
between pavement markings is 2.75 m (9 ft), but

Figure 13. Concept 1 at KY 1.

the effective lane width (i.e., distance between
rumble strips) is 3.05 m (10 ft).

Figures 17 and 18 illustrate installations of the
lane narrowing concept in Missouri. At both
sites, a painted median as well as milled shoulder
and median rumble stripes were installed. Prior
to the installation, lane widths ranged from 3.36
to 3.66 m (11 to 12 ft). The deployment of the
lane narrowing concept effectively narrowed
the major approaches to 2.75 to 3.05 m (9 to
10 ft). There were a few noteworthy differences
between the two sites.

At the first site (figure 17):

b The painted median and rumble stripes
end 15.25 m (50 ft) prior to the intersection and
only a single dashed yellow centerline extends
to the intersection. It is desirable to extend the
painted median to the intersection.

b Rumble stripes cover the entire width of
median. However, cross-hatchingis notinstalled,
which may have contributed to the increase in
rear-end crashes.

Figure 15. Concept 1 at KY 2.
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Figure 16. Typical design of concept 1 with left-turn lanes.
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At the second site (figure 18), there are several
desirable characteristics:

° Median rumble stripes cover nearly the
entire width of the median. All rumble stripes
end 15.25 m (50 ft) prior to intersection.

° Cross-hatching is installed in the painted
median, which extends to the intersection.

Figure 19 shows an example of the only
deployment of the minor road splitter island
concept included in this study. The minor
road splitter island concept was deployed in
Lorton, VA, at a four-legged intersection with
STOP-control on the minor approaches. Prior to
the installation of the minor road splitter island
concept, the intersection was STOP-controlled
on the minor approaches with a single STOP
sign per approach located to the right of the
traveled way. The deployment of the minor road
splitter island concept included the installation
of a separator island on the minor approaches
near the intersection and the placement of a
second STOP sign on the separator islands.
The separator islands are nontraversable with
vertical edges. Since the separator islands
are nontraversable, the turning radius of
the design vehicle must be accommodated.
The lane markings are also separated on the
minor approaches prior to the intersection
and painted along both sides of the separator
islands. Providing cross-hatching between

the pavement markings or painting the separator
islands would improve the conspicuity of
the treatment.

Figures 20 and 21 show an example of
concept 3 in Cumberland, MD. This was the
only deployment of concept 3 included in this
study. The combined concept was implemented
at a three-legged intersection with STOP-
control on the minor approach. Prior to the
installation of concept 3, the intersection was

Figure 17. Concept 1 at MO 1.

Figure 18. Concept 1 at MO 2.
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Figure 19. Concept 2 at VA 1.

N

STOP-controlled on the minor approach with
a single STOP sign to the right of the traveled
way. The deployment of concept 3 included the
installation of a traversable separator island on
the minor approach. Also, asecondary STOP sign
was installed on the separator island. The lane
markings are separated on the minor approach
prior to the intersection and painted along both
sides of the separator island. However, in this
case, cross-hatching is included between the
pavement markings to improve the conspicuity
of the concept.The major road approaches were
effectively narrowed by installing shoulder and
centerline rumble stripes. Unlike the typical

Figure 20. Concept 3 at MD 1 (minor approach).

implementation of the lane narrowing concept,
this deployment did not include a painted
median and the rumble stripes continue to the
intersection, which is not desirable.

Data Collection

Speed and driver behavior data were collected
before implementation at 9 sites for the lane
narrowing concept and one site for the minor
road splitter island concept. Similar data were
collected atall 10 sitesin the after period.The lane
narrowing conceptwas deployed atatenth sitein
Florida; however, speed data were not available

11
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in the before period. Data indicated that results
were consistent at the other 9 sites where the
lane narrowing concept was deployed; therefore,
speed data were not collected at the tenth site.
Hi-Star traffic sensors with sequential speed
profile measuring capabilities were temporarily
placed on the road to collect individual driver
speeds, vehicle counts, headways, and traffic
composition for a 24-hr period both before and
after implementation. These automated devices
continuously recorded speed data for each
individual vehicle that passed through the site on
the approaches of interest. Additionally, speeds
were captured by radar and used to validate the
speed data recorded by the temporary sensors.
Post-implementation data collection occurred
at least 3 months after implementation to allow
sufficient time for possible short-term “novelty
effects” of the concepts to fade. All data were
collected on weekdays.

The data collection points were different for
the two strategies. For the lane narrowing
concept, speed data were collected at four
different locations (figure 22) along each of the
major approaches to determine whether or not
speed reductions were occurring as desired. The
locations of the data collection points were as
follows:

1. Control point: Located 122 m (400 ft) prior
to the beginning of the taper (Point 1).

2. Beginning of
Approximately 106.75 m
intersection (Point 2).

lane-narrowing
(350 ft)

taper:
from

3. End of lane taper: Approximately 45.75 m
(150 ft) from intersection (Point 3).

4. At the intersection (Point 4).

For the lane narrowing concept, speed
observations were screened to eliminate
vehicles that had been affected by any other
factors such as turning maneuvers or vehicle
platoons. To obtain the desired dataset, it was
necessary to eliminate vehicles with relatively
small headways and vehicles traveling
below a certain speed. The cut-off speed for the
lane narrowing concept dataset was 64.4 km/h
(40 mi/h).

The speed cut-off for the lane narrowing
concept was based on speed observations
in North Carolina. Speed data were collected
on road segments with 2.75-m (9-ft) lanes in
North Carolina to determine the relationship
among speed, lane width, and driver behavior.
The road segments selected in North Carolina
were two-lane, rural roadway segments with
minimal horizontal and vertical curvature. It was
observedthatdrivers couldtravel at speedsupto
72.45 km/h (45 mi/h) on 2.75 m (9 ft) wide
lanes without crossing into the opposing lane.
Therefore, the application of the lane narrowing
concept is expected to affect vehicles with
speeds greater than or equal to 64.4 km/h
(40 mi/h).The final dataset for the lane narrowing
concept included vehicles with headways
greater than 20 seconds and approach speeds of
64.4 km/h (40 mi/h) or greater.

For the minor road splitter island concept, speed
data were collected on the minor approaches.
There was only one speed data collection point
per approach located 45.75 m (150 ft) upstream

Figure 22. lllustration of concept 1 at speed data
collection points.
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from the STOP line or pavement marking on
each minor approach. The dataset for the minor
road splitter island concept included all vehicles
on the minor road approach.

Driver behavior data were collected at
the intersection for both strategies. A pole-
mounted camera located at the intersection
recorded driver behavior during the same
periods as the speed data were collected. The
videos were then analyzed and driver behaviors
were recorded as follows:

° STOP sign compliance, as measured in
terms of the percent of motorists that did not
stop, performed a “rolling” stop, or performed
a complete stop.

® Infringement on major road vehicles by
vehicles on the minor approach.

. Percentage of drivers entering intersection
from minor approach when gap is less than
desirable if one of the following is observed:

o Start/Stop maneuvers on minor road.

o Braking/Severe braking on major road
to avoid merging/crossing vehicles from
minor approach.

0 Erratic maneuvers on either road.

Crash and traffic volume data were collected
for each site in the before and after periods. If
data were available, at least 5 years of crash
data were obtained for the before period, and
2 years of data were obtained for the after period.
Crash data included the total number of crashes
occurring at the intersection as well as crash
severity (i.e., fatal, injury, or property damage)
and crash type (i.e., angle, rear end, or other).

Operational Performance

The operational effectiveness of each concept is
based on the selected measure of effectiveness
(MOE). For the lane narrowing concept, the
primary MOE is the reduction of speed on the
major approaches. For the minor road splitter

island concept, there are two MOEs: (1) the
reduction of speed on the minor approach (i.e.,
at the upstream data collection point), and
(2) increased driver compliance with the STOP
sign on the minor approach. For the lane
narrowing concept, the analysis was conducted
for two subsets of vehicles: all vehicles and
trucks only.This was done to identify differential
vehicle effects of the concept.

Lane Narrowing Concept

For each site, the mean and 85th-percentile
speeds were calculated for each approach at
each of the four data collection points for both
the before and after periods. Again, point 4
is closest to the intersection and point 1 is
farthest from the intersection. An unpaired T-test
was used to determine if the speed reduction
from point 1 to point 4 (1 to 4) was statistically
different from the reduction from point 2 to point
4 (2 to 4) in the before period. The test indicated
that there was no significant difference between
2-4 and 1-4 at a 95-percent confidence level
(p = 0.45, where p is the probability of error)
Since there was no difference between the 2-4
and 1-4 points, it was decided that the remaining
analysis would focus on speed reductions from
point 2 to point 4. Speed reduction from the
before data showed no statistical difference of
speeds between points 2 and 4.

Table 3 shows the speed reduction from point 2
to point 4 for all vehicles after the deployment
of the lane narrowing concept. The mean and
standard deviation were calculated for the
reduction in all speeds and the reduction in 85th-
percentile speeds. For all vehicles, the mean
speed was reduced by 5.64 km/h (3.5 mi/h) with
a standard deviation of 0.36. The confidence
interval does not include zero; therefore, the
reduction is statistically significant at the
95-percent confidence level. The mean reduction
in the 8bth-percentile speed was even greater
(725 km/h (4.5 mi/h)) with a standard deviation
of 0.25. Again, this reduction is statistically
significant at the 95-percent confidence level.
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Table 3. Speed reductions for all vehicles.

14

All speeds 85th-percentile
Reduction Reduction

Approach lane after(::‘?;x;;nent 95% after(:ﬁ?'t‘r)nent 95%

Posted speed width within Number of confidence confidence

Sites limit (mi/h) rumble strips | observations | Mean S.D. interval | Mean S.D. interval

PA 1 55 10' 376 46| 0.29]| (3.88,5.33) 5.2| 0.21](4.68,5.73)

PA 2 55 10' 535 43| 0.31]| (3.53,5.08) 49| 0.25] (4.28,5.53)

PA 3 50 10' 487 38| 0.41] (2.78,4.83) 43| 0.33](3.48,5.13)

PA 4 55 10.5' 356 3.7| 0.61]| (2.12,5.23) 4.4 | 0.23(3.83, 4.98)

KY 1 55 10' 352 1.8| 0.32| (1.00, 2.60) 42| 0.23](3.63,4.78)

KY 2 50 10 317 2.6| 0.34| (1.75, 3.45) 41| 0.17 | (3.68, 4.53)

MO 1 55 9' 428 39| 0.42] (2.85,4.95) 4.1 0.19 | (3.63, 4.58)

MO 3 55 10.5' 408 29| 0.25]| (2.28, 3.53) 45| 0.28] (3.80, 5.20)

FL 1 55 10' 423 3.4| 0.33]| (2.58,4.23) 45| 0.30] (3.75, 5.25)

All 3,682 35| 0.36| (2.61,4.42) 45| 0.25| (3.88,5.08)
1 mi=161km

1ft=0.305m

Table 4 shows the speed reduction from
point 2 to point 4 for trucks only after the
deployment of the lane narrowing concept.
For trucks, the mean speed was reduced by
71 km/h (4.4 mi/h) with a standard deviation
of 0.36, and the reduction is statistically
significant at the 95-percent confidence level.
The mean reduction in the 8b5th-percentile
speed was slightly greater (773 km/h
(4.8 mi/h) with a standard deviation of 0.27
Again, this reduction is statistically significant
at the 95-percent confidence level. Speed
reductions were also disaggregated by time
of day and lane width. The speed reductions
were not significantly different by time of day.
Based on the limited sample size, the degree of
speed reduction was not linearly proportional to
lane width (i.e., narrower lanes were not always
associated with greater speed reductions).

Table 5 shows the maximum speed reduction
after implementation from point 2 to point 4.
For all vehicles combined, a maximum speed
reduction of 19.32 km/h (12.1 mi/h) was observed.
For trucks, a maximum speed reduction of
16.26 km/h (10.1 mi/h) was observed.The results
indicate that the observed speed reduction is
attributable to the lane narrowing concept.
All reductions are statistically significant at a

95-percent confidence level and the reductions
in the 85th-percentile speed appear to be greater
than the reductions in the average speed.
Furthermore, the speed reduction from point
2 to point 4 is greater for trucks than for all
vehicles combined.

Speed reductions were also disaggregated
by time of day and lane width. The speed
reductions were not significantly different by
time of day. Based on the limited sample size,
the degree of speed reduction was not linearly
proportional to lane width (i.e., narrower lanes
were not always associated with greater speed
reductions). This may be counterintuitive
but may be explained to some extent by the
variation in lane widths for the same lane at
a given intersection. It is hypothesized that
narrower lane widths will produce greater
speed reductions; however, a larger sample size
and better field implementation of the concept
is needed to support or refute the hypothesis.

Based on driver behavior data from the cameras,
a large number of vehicles routinely contacted
the rumble strips after implementation. This
is likely due to the narrower lane widths and
relative proximity of the rumble strips to the
lane. While rumble strip contact helps to alert




Table 4. Speed reductions for trucks only.

All speeds All speeds
Reduction Reduction
Approach lane after(::‘?z:;nent 95% after(:'rﬁ;:'tlrent 95%
Posted speed width within Number of confidence confidence
Sites limit (mi/h) rumble strips | observations | Mean S.D. interval | Mean S.D. interval
PA 1 55 10' 65 4.4| 0.38]| (3.45,5.35) 48| 0.25](4.18,5.43)
PA 2 55 10 87 45| 0.26| (3.85,5.15) 5.1| 0.22 | (4.55, 5.65)
PA 3 50 10' 79 46| 0.29| (3.88,5.33) 49| 0.32 ] (4.10, 5.70)
PA 4 55 10.5' 66 42| 0.41| (3.18,5.23) 46| 0.33](3.78,5.43)
KY 1 55 10' 54 39| 0.44| (2.80, 5.00) 42| 0.24(3.60, 4.80)
KY 2 50 10 73 42| 0.43| (3.13,5.28) 4.4| 0.13|(4.08, 4.73)
MO 1 55 9' 90 4.8| 0.33]| (3.98,5.63) 5.1| 0.27 | (4.43,5.78)
MO 3 55 10.5' 55 3.8| 0.28| (3.10, 4,50) 4.4| 0.38] (3.45, 5.35)
FL 1 55 10' 49 45| 0.48] (3.30,5.70) 49| 0.34] (4.05,5.75)
All 618 44| 0.36| (3.47,5.26) 48| 0.27 | (4.08,5.42)
1 mi=161km
1ft=0.305m
minor road approaches, respectively,

Sites All vehicles (mi/h) Trucks only (mi/h)
PA 1 10.4 9.6
PA 2 6.9 6.9
PA 3 9.1 5.4
PA 4 12.1 74
KY 1 5.5 4.5
KY 2 6.9 6.2
MO 1 7.1 7.1
MO 3 8.3 8.0
FL1 10.2 10.1
All 121 10.1
1 mi=161km

the driver of the edge of the travel way, it may
have secondary benefits as well. The contact
creates a significant noise outside the vehicle,
which may help increase awareness for other
motorists near the intersection.

Minor Road Splitter Island Concept

Descriptive statistics were calculated for both
approaches on the minor road for the before
and after periods. Again, these results are
based on just one implementation of the
minor road splitter island concept. Figures 23
and 24 show the average speed comparisons
by time of day before and after deployment
for the northbound and southbound

45.75 m (150 ft) from the STOP sign. For
the northbound (minor) approach, speed
reductions ranged from 8.05 to 33.81 km/h
(5 to 21 mi/h) after deployment, averaging
17.39 km/h (10.8 mi/h) with a standard
deviation of 4.7. For the southbound
(minor) approach, speed reductions
ranged from 4.83 to 24.15 km/h
(3 to 15 mi/h) after deployment, averaging
15.78 km/h (9.8 mi/h) with a standard
deviation of 3.0.The speed reductions on both
approaches are significant at the 95-percent
confidence limit.

Based on driver behavior data from the camera,
there were other benefits associated with
the minor road splitter island concept. After
implementation,therewereminorimprovements
in STOP sign compliance as well as driver
behavior.These results are, however, based on a
limited sample at a single site. Further analysis is
necessary to verify the operational effectiveness
of the minor road splitter island concept.

Traffic Safety Performance

Crash data were analyzed using a simple before-
after comparison method. Crash rates were
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Figure 23. “Before-After” average speeds for
northbound approach on minor road.
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Figure 24. “Before-After” average speeds for
southbound approach on minor road.
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calculated for each year as the total number of
crashes divided by the total number of vehicles
entering the intersection per year. Crash rates
were also computed for each level of crash
severity and crash type. All crash rates are
expressed as the crashes per million entering
vehicles (MEV). Due to limited sample size and
length of the after period, it was not possible
to conduct an Empirical Bayes before-after
evaluation—a more statistically robust method
for isolating the effects of a treatment. While
the sample size and duration of crash data are
relatively limited, the simple before-after crash
evaluation provides initial insights on the safety
effectiveness of these strategies. An Empirical

Bayes evaluation is planned in the near future
using a longer period of crash data.

Lane Narrowing Concept

Crash data for the lane narrowing concept
are shown in table 6 for Pennsylvania,
Kentucky, Missouri, and Florida. For one site
in Pennsylvania (PA 3), the lane narrowing
concept was only implemented for a short
period of time (less than 6 months). Due to
the relatively short duration of implementation,
the site was excluded from the crash analysis.
The following summarizes the crash findings
for the remaining implementations of the lane
narrowing concept:

b For the three sites in Pennsylvania, there
was a reductioninthe crash rate for total crashes,
fatal/injury crashes, and related crashes (i.e.,
angle and rear end) after the implementation of
the lane narrowing concept.

o For total crashes, reductions ranged
from 30 to 83 percent.

o For fatal/injury crashes, reductions
ranged from 1 to 79 percent.

o Forrelated crashes, reductions ranged
from 18 to 100 percent.

b The two implementations in Kentucky
showed mixed results. For KY 1, there was a
general reduction in crash rate for total, fatal/
injury, and angle crashes, all around 30 percent.
However, there was a 39-percent increase in
rear-end crashes. For KY 2, there was a reduction
in fatal/injury (24 percent) and angle (13 percent)
crashes but an increase in total (34 percent)
and rear-end (87 percent) crashes. While there
was an increase in the crash rate for rear-ends
at both sites in Kentucky, the crash frequency
is relatively low (2 or less), which may skew
the results. In addition, the one rear-end crash
in the after period at KY 1 occurred during wet
roadway conditions. The increase in rear-end
crashes at KY 2 appears to be contributing to
the increase in total crash rate as well. Based




Table 6. Crash data summary for concept 1 implementations.

Crash rate
Period (crashes per Percent change in crash rate
(years) MEV per year) (minus indicates a reduction)
Fatal + Injury Rear-end
Sites Before After Before After | Total crashes crashes | Angle crashes crashes
PA 1 5.25 1.08 3.23 1.02 -69% -64% -76% NA
PA 2 5.25 1.08 1.46 1.01 -30% -1% -18% -100%
PA 3 Lane narrowing removed after 6 months; therefore, PA 3 was not included in crash analysis.
PA 4 6.00 1.92 1.36 0.23 -83% -79% -100% -100%
KY 1 5.75 1.17 2.13 1.48 -30% -31% -28% 39%
KY 2 5.00 1.50 1.52 2.04 34% -24% -13% 87%
MO 1 6.92 0.99 2.15 2.47 15% 116% -59% 906%
MO 2 6.92 0.99 1.32 0.90 -32% -20% -46% -100%
MO 3 6.92 0.99 2.31 2.05 -1% 26% -47% 144%
FL1 4.50 1.50 1.36 1.05 -23% 1% 68% 4%
Combined 52.51 11.22 1.85 1.27 -31% -20% -42% 54%
Note: MEV = million entering vehicles and NA indicates that no crashes were observed in the before period.
on a review of the crash data, it does not appear o) A more concerning issue is the

that the implementation of the lane narrowing
concept is contributing to the increase in rear-
end or total crash rates.

° The three implementations in Missouri
also showed mixed results.

o For MO 1, there was a decrease in the
angle crash rate (59 percent), but an increase
for total, fatal/injury, and rear-end crashes.

o For MO 2, there was a general
reduction in crash rate for all categories.

o For MO 3, there was a decrease in the
crash rate for total (11 percent) and angle
(47 percent) crashes but an increase in
the crash rate for fatal/injury and rear-end
crashes.

o While the increase in rear-end
crash rates appears to be substantial
at two of the sites, the change in crash
frequency is relatively minor. For MO 1
there was just one rear-end crash in each
of the before and after periods. For MO
3, there were 11 rear-ends in the before
period and just 4 in the after period. Also,
3 of the 4 rear-ends in the after period at MO
3 occurred during wet roadway conditions.

increase in fatal/injury crashes at MO 1
and MO 3. A detailed review of the crash
data indicated that the severity rate
fluctuates substantially from one year to
the next in the before period. For MO 1,
the minimum fatal/injury crash rate was
0.00 crashes per MEV and the maximum
was 3.49 crashes per MEV, averaging 1.43
fatal/injury crashes per MEV. The fatal/
injury crash rate in the after period was
2.47 crashes per MEV; however, this was
based on less than 1 year of data. For MO
3, the minimum fatal/injury crash rate was
0.00 crashes per MEV and the maximum
was 1.54 crashes per MEV, averaging 0.81
fatal/injury crashes per MEV. The fatal/
injury crash rate in the after period was
1.02 crashes per MEV, but, again, this
was based on less than 1 year of data.
It is possible that yearly variations not
captured in the relatively short after period
are contributing to the apparent increase.
These sites should be monitored to confirm
the trend in fatal/injury crashes.

For the one implementation in Florida,

there was a reduction in total crash rate but an
increase in the crash rate for fatal/injury and
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related crashes. While the increase in crash
rates for fatal/injury and related crashes may be
concerning, the duration of the after period was
relatively short. A review of the police reports did
not reveal any evidence that the implementation
of the lane narrowing concept was contributing
to the increase in crash rates; however, this site
should be monitored to confirm the crash trend.

° Overall, there appears to be a reduction in
the crash rate for total, fatal/injury, and angle
crashes after implementing the lane narrowing
concept, as shown in the combined analysis at
the bottom of table 6. There are several common
features that should be noted when comparing
the installations where crashes were reduced:

o Rumble strips were installed along
both inside edges of the median, which
covers the entire width of narrow medians
(figures 9, 10, and 18).

o  Shoulder and median rumble strips
ended 15.25 m (50 ft) priortotheintersection
(figures 9 and 18).

o Pavement markings were obvious,
with a painted median that extended to the
intersection (figures 9, 13, and 18).

o Cross-hatching was installed in the
median to increase conspicuity (figures 9,
11, 13, and 18).

° The crash rate for rear-end crashes
increased in the after period. While the after
period was relatively short for many of the sites,
there was some consistency in the increase in
rear ends. The following are possible reasons
why rear ends may increase:

o Speeddifferential:Thelane narrowing
concept is intended to reduce driver
speeds on the major road. Rear ends
could result if some drivers reduce their
speed when entering the lane narrowing
concept while other drivers maintain their
previous speed.

o Turning vehicles: The lane narrowing
concept employs shoulder and median

rumble strips to effectively reduce the
lane width. Prior to the installation, right-
turning drivers may use the shoulder to
decelerate, rather than the through lane.
Where shoulder and centerline rumble
strips extend to the intersection, drivers
may avoid the shoulder and decelerate in
the through lane. This would lead to speed
differentials and could result in rear-end
crashes as discussed previously.

o) Passing vehicles: Prior to the
installation, drivers may use the shoulder
or cross the centerline to pass turning
vehicles. Where shoulder and centerline
rumble strips extend to the intersection,
drivers may abort a passing maneuver after
encountering the rumble strips, resulting
in a rear-end collision.

L A Wilcoxon Signed-Rank Test was used to
determine whether or not the change in crash
rate was significant for total crashes and for fatal/
injury crashes (i.e., fatal plus injury). The null
hypothesis postulates that there is no difference
between the crash rates in the before and after
periods. The total sample size is 9 sites. The
critical value is 29 for a sample size of 9 and a
5-percent significance level.

o For total crashes, the test-value (27)
was compared to the critical value (29) at a
5-percent significance level; results are not
significant.

o) For fatal/injury crashes, the test-
value (33) was compared to the critical
value (29) at a 5-percent significance level;
results are significant, which leads to the
conclusion that fatal/injury crashes were
reduced after the lane narrowing concept
was implemented.

Minor Road Splitter Island Concept

Crash data are shown in table 7 for the one
implementation of the minor road splitterisland
concept in Virginia. For this site, there were
4 years of data in the before period and nearly




Table 7. Crash data summary for concept 2 implementation.

Crash rate
Period (crashes per
(years) MEV per year) Difference in crash rate
Fatal + Injury Rear-end
Sites Before After Before After | Total crashes crashes | Angle crashes crashes
VA1 4.00 1.92 2.59 0.82 -68% -74% -74% -100%

Note: MEV = million entering vehicles.

2 years after implementation. The following
points summarize the crash findings for the
one implementation of the minor road splitter
island concept.

° Based on the single implementation of the
minor road splitterisland concept, it appears that
this concept is effective for enhancing safety.

o The crash rate for total crashes was
reduced by 68 percent after deploying the
minor road splitter island concept.

o The crash rate for fatal/injury crashes
was reduced by 74 percent after deploying
the minor road splitter island concept.

o The crash rates for angle and rear-
end crashes were reduced by 74 and 100
percent, respectively, after deploying the
minor road splitter island concept.

Ideas for Future Deployment

The typical design and actual implementation of
concepts 1 and 2 have been discussed in detail in
the preceding sections. Based on the operational
and safety analysis, as well as lessons learned
from current deployments and observations in
the field, the following points are presented
as ideas to enhance future deployments of the
treatments. Figures 25 and 26 illustrate the
potential enhancements to the lane narrowing
concept for both rumble strip and rumble stripe
designs, respectively.

Lane Narrowing Concept

. Increase the length of the narrowed section
for the lane narrowing concept. Currently, the
design template shows a length of 45.75 m
(150 ft) for the narrowed section on the major

approaches. This may be too short to achieve
the desired effect. If the length is increased to
61 m (200 ft) or 76.25 m (250 ft), then drivers will
travel a greater distance in the narrowed section,
which may induce lower speeds. While current
speed reductions on the major approaches are
statistically significant, there is an opportunity
to further reduce driver speeds. The nearest
15.25 m (50 ft) from the intersection should not
have rumble strips.

b Use a different rumble strip pattern in the
median. Concerns have been raised that drivers
may react similarly (i.e., steer to the left) when
encountering both shoulder and centerline
rumble strips with the same pattern. A recent
study verified this concern and concluded
that some drivers initially steered to the left
when encountering centerline rumble strips;®©
therefore, future deployments may consider the
use of centerline rumble strips that produce a
distinct sensation and noise to avoid confusion
with shoulder rumble strips.

° Some States expressed a concern that
2.75-m (9-ft) lanes are too narrow for the
treatment section of the lane narrowing concept.
The American Association of State Highway
and Transportation Officials (AASHTO) “Green
Book”"™ indicates that lane widths of 2.75 m
(9 ft) to 3.66 m (12 ft) are generally used, with
a 3.66 m (12 ft) lane predominant on most
high-type highways. One State indicated that
it was required to submit a design exception to
implement the lane narrowing concept, while
three other States indicated that they were not
required to submit a design exception to install
2.75 m (9 ft) or 3.05 m (10-ft) lanes as part of the
deployment of the lane narrowing concept. For
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Figure 25. lllustration of enhancements to section C of concept 1 with rumble strips.
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Figure 26. lllustration of enhancements to section C of concept 1 with rumble stripes.
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two-way, two-lane, rural highways, wider lanes
provide desirable clearance between heavy
vehicles in opposite directions." For the lane
narrowing concept, the presence of a painted
median should provide adequate clearance for
opposing vehicles, even with 2.75 m (9 ft) lanes.
For those States that would still prefer wider
lanes, the pavement markings (i.e., center and
edge lines) could be placed in the rumble strips
to increase the lane width without changing the
placement of the rumble strip. An alternative
method for increasing the effective lane width is

to use a wider edge line and place the shoulder
rumble strips closer to the shoulder.

L Rumble stripes create a vertical surface

that provides enhanced visibility during
nighttime and wet weather conditions.
However, the operational and safety benefit of
rumble strips (pavement markings on side of
rumble strip) versus rumble stripes (pavement
markings within the rumble strip) has yet to be
determined. At this time, States could deploy
either rumble strips or rumble stripes based on
their typical applications.




° Provide cross-hatching in the median for
the lane narrowing concept. Cross-hatching will
better define the presence and width of the
median. In some of the deployments of the lane
narrowing concept, cross-hatching was not used
in the median (figure 13). The treatment is much
more conspicuous when cross-hatching is used
in the median (figures 9, 10, 11, and 14).

b Install rumble strips along both sides of
the median and consider installing rumble strips
across the entire width for narrow medians.
Providing rumble strips across the entire median
enhances the conspicuity of the treatment.

° Add a speed advisory plague to the warning
sign (i.e., intersection ahead or lane narrowing)
located prior to point 1 in figure 22. Data from
North Carolina indicated that vehicles can travel
up to 72.45 km/h (45 mi/h) on highways with
2.75 m (9 ft) lanes without crossing into the
opposing lane. Where the posted speed is
greater than 72.45 km/h (45 mi/h), it may be
appropriate to provide a supplemental speed
advisory plaque of 72.45km/h (45 mi/h) prior to
the deployment of the lane narrowing concept.

. Add signing to warn of slowing vehicles.
The crash data from Kentucky and Missouri
indicated thatrear-end crashesincreased afterthe
implementation of the lane narrowing concept.
The intent of the lane narrowing concept is to
reduce speeds on the major road; however, this
may create greater speed differentials and may
increase the chance of rear-end crashes. Advance
signing could help to mitigate this issue.

b Install both W5-1 and W2-1 warning signs
prior to the treatment. Both signs are applicable
to this concept and each sign has a specific
meaning; W5-1 indicates that the lane narrows
and W2-1 indicates that there is an intersection
ahead.The use of a single sign does not convey
both messages.

Minor Road Splitter Island Concept

® Design the separator island as a traversable
island. The AASHTO “Green Book”"™ indicates
that curbed islands generally should not be used

in rural areas and at isolated intersections unless
theintersectionislightedand curbsaredelineated.
The policy also indicates that traversable islands
may be preferable under certain conditions
including: lightly developed areas, intersections
where approach speeds are relatively high, areas
with little pedestrian traffic, areas without fixed-
source lighting, areas requiring significant snow
plowing, and areas where signs and supports
are not needed."™ Nontraversable separator
islands require additional right-of-way due to
the required turning radius for large vehicles.
If the island is traversable, the turning radius is
reduced along with the required right-of-way.
Aside from the reduced right-of-way, the fact that
these materials can be snowplowed is an added
advantage in the northern States. There are
several materials currently available for use as
traversable separator islands. Examples include
materials similar to those used for traversable
trafficcirclesand speed humps.Wheretraversable
separator islands are used, the maximum height
of the island is 76.2 mm (3 inches).

L Use materials that can be prefabricated
and nailed in place on-site. There are several
examples of materials that can be prefabricated
from recycled materials including some
of those used for traffic calming devices.
Prefabricated islands will reduce the disruption
of traffic during deployment and may reduce
implementation costs.

L Reduce the width of the separator
island. The current design template shows a
width of 2.135 m (7 ft) for a non traversable
separator island. The width could be reduced
to a minimum of 1.22 m (4 ft) provided that the
surface area exceeds the minimum of 6.975 sg-m
(75 sq-ft)."@

L Delineate the separator island or construct
the island of colored material. The AASHTO
“Green Book”" indicates that islands are
sometimes difficult to see at night because of
glare from oncoming headlights. Therefore,
appropriate delineation should be provided to
increase the conspicuity of the island. A similar
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effect could be achieved by using colored
materials to construct the island such as those
used for traffic calming devices.

° Use cross-hatching to better delineate the
approach to the separator island for the minor
road splitter island concept. As shown in figure
15, the centerline splits prior to the separator
island and continues along either side. The
deployment of the minor road splitter island
concept in Lorton, VA, did not include cross-
hatching where the centerline splits prior to
the island. Providing cross-hatching will further
enhance the conspicuity of the separator island.

Summary

Lane Narrowing Concept
For the lane narrowing concept, the major points
of this study can be summarized as follows:

Speed
° After implementation, the average
(5.64 km/h (3.5 mi/h)) and 85th-percentile

(725 km/h (4.5 mi/h)) speed reductions were
statistically significant at the 95-percent
confidence level for all vehicles on the major
approach with an approach speed of 64.4 km/h
(40 mi/h) or greater.

° After implementation, the average
(7084 km/h (4.4 mi/h)) and 85th- percentile
(7728 km/h (4.8 mi/h)) speed reductions for
trucks on the major approach were statistically
significant when the vehicles had an approach
speed of 64.4 km/h (40 mi/h) or greater.

° The reductions in the 85th-percentile speed
appear to be greater than the reductions in the
average speed for all vehicles as well as for
trucks only.

° The speed reduction is greater for trucks
than for all vehicles combined.

Driver Behavior

g Driver behavior data indicated a large
number of rumble strip contacts on the major
approaches after implementation.

Safety

L Based on limited crash data, there appears
to be a general reduction in the crash rate
for total, fatal/injury, and angle crashes after
implementing the lane narrowing concept, but
there is an increase in the crash rate for rear-
end crashes.

b A Wilcoxon Signed-RankTest indicates that
there is no significant difference between the
total crash rates in the before and after periods;
however, there is a significant reduction in fatal/
injury crashes.

Minor Road Splitter Island Concept

For the minor road splitter island concept, the
major points of this study can be summarized
as follows:

Speed

L After implementation, the speed
reductions on the minor approaches range from
4.831033.81 km/h (3to 21 mi/h) comparing speeds
by time of day, averaging 17.39 km/h (10.8 mi/h)
and 15.78 km/h (9.8 mi/h) for the northbound and
southbound approaches, respectively.

L After implementation, the average speed
reductions were statistically significant at
a 95-percent confidence level for both minor
approaches.

Driver Behavior

° Driver behavior improved slightly after
implementation based on increased STOP sign
compliance.

Safety

L Based on limited crash data, there appears
to be a general reduction in the crash rate for
total, fatal/injury, angle, and rear-end crashes
after implementation.

Conclusions

The general conclusion from this research is
that positive operational and safety effects can
be expected with the installation of concepts 1
and 2. The lane narrowing concept is shown to




significantly reduce speeds on the major road
approachesatrural, two-lane,TWSCintersections.
The results are consistent across sites, which
are combined in the main analysis. The minor
road splitter island concept is shown to improve
driver compliance as well as reduce speeds on
the minor approaches at rural, two-lane, TWSC
intersections. While the results for the minor road
splitter island concept are based on just one site,
the initial indications are promising.

Based on the limited after period, there appears
to be a general reduction in crashes associated
with the implementation of concepts 1 and 2. For
the lane narrowing concept, total, fatal/injury,
and angle crashes were reduced in the after
period, but rear-end crashes increased at some
sites. The apparent increase in rear-end crashes
should be monitored as additional after data
become available. For the minor road splitter
island concept, the crash rate decreased for all
categories in the after period. While the simple
before-after method used in this study does
not account for some issues related to safety
analysis (e.g., regression-to-the-mean, temporal
effects, and other changes that may occur other
than the safety improvements themselves), it
does provide a preliminary understanding of the
safety effectiveness of concepts 1 and 2. Also, it
may not be worth conducting a more rigorous
evaluation until sufficient data are available for
the after period.

It is likely that the lane narrowing concept will
be most effective at rural, TWSC intersections
with a relatively high posted speed (64.4 km/h
(40 mi/h) or greater) on the majorroad. However,
this concept may be applicable at urban and
low-speed intersections. While the limited
sample did not indicate a linear relationship
between speed reduction and lane width, other
research has shown a positive association
between the two variables (i.e., speed decreases
as lane width decreases). Positive features
of the lane narrowing concept include highly
visible pavement markings with cross-hatching

in the median and rumble strips that cover
the entire width of the median. For the minor
road splitter island concept, it is likely that the
implementation will be most effective at rural,
TWSC intersections with STOP sign compliance
or conspicuity issues on the minor approach.
However, this concept may be applicable at
otherTWSC intersections as well.

Based on the relative low cost and initial
effectiveness of concepts 1 and 2 with respect to
operational and safety measures, it is expected
that these strategies will prove to be cost-
effective methods for improving intersection
safety. However, more comprehensive analysis
is needed before wide-scale implementation
can be recommended. There is also a need to
develop guidelines for where these strategies
should be implemented.
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