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Objective

Shared lane markings help convey to motorists and
bicyclists that they must share the roads on which they
operate. The markings create improved conditions by
clarifying where bicyclists are expected to ride and by
notifying motorists to expect bicyclists on the road.
Figure 1 illustrates a generic sharrow as it appears in the
2009 version of the Manual on Uniform Traffic Control
Devices (MUTCD).") The present study was sponsored by
the Federal Highway Administration (FHWA), and its pur-
pose was to evaluate the impact of several uses of shared
lane pavement markings, specifically the sharrow design,
on operational and safety measures for bicyclists and
motorists. Experiments were conducted in Cambridge, MA;
Chapel Hill, NC; and Seattle, WA. This TechBrief provides
a summary of the findings from the research, and the
corresponding main technical report (FHWA-HRT-10-041)
provides additional details.?

Background

In 2008, the National Committee on Uniform Traffic Control
Devices recommended the inclusion of shared lane mark-
ings in the next version of the MUTCD.®" That recommen-
dation was made with limited research conducted only on
an 11-ft spacing from the center of the shared lane marking
to the curb to prevent a bicyclist from striking an opening
door of a parked motor vehicle (i.e., a dooring crash).’ The
2009 edition of the MUTCD includes a provision for shared
lane markings with guidance that the markings should be
placed at least 11 ft from the curb face or the edge of the
pavement on a street with parallel parking. On streets with




no parking and an outside lane less than 14 ft
wide, the centers of the shared lane markings
should be placed at least 4 ft from the curb
or edge of the pavement.™

Many cities and States have started imple-
menting shared lane markings to encour-
age the safe coexistence of bicyclists and
motorists. However, few localities have for-
mally evaluated the impact of these markings
on safety or operations. Given the oppor-
tunity to study shared lane markings, the
Highway Safety Research Center (HSRC)
decided to conduct a broad-based study.
The following hypotheses were explored
for sharrows by HSRC:

° The markings may help indicate a
preferred path of travel and thereby
improve bicyclist positioning relative
to parked motor vehicles when riding
in shared lanes with on-street parking.

° The markings may help improve spac-
ing or operations when motorists pass
bicyclists on streets both with and
without parking.

° The markings may help improve bicy-
clist positioning relative to the curb
or other hazards along the roadway
edge, including unsafe drain grates or
uneven pavement.

° The markings could be used where
bicyclists need to take control of the
lane, such as on a section of steep
downgrade where they need more
operating space and where there is
inadequate width to provide a suff-
iciently wide bicycle lane. They could
also be used in a shared lane situation
or in a narrow lane situation where
bicyclists need to move away from the
door zone or other hazards.

° The markings may reduce bicyclist
wrong-way and sidewalk riding, which
can cause collisions.
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Figure 1. Generic version of a sharrow.

® The markings may increase the distance
from motor vehicles in the travel lane
to parked motor vehicles or to the curb
in the absence of bicyclists, providing
more operating space for bicyclists.

Separate evaluations were conducted in
three U.S. cities. In Cambridge, MA, there
was interest in experimenting with the
placement of sharrows 10 ft from the curb
to prevent dooring from parked motor
vehicles. In Chapel Hill, NC, sharrows were
placed on a busy five-lane corridor with
wide outside lanes and no street parking.
In Seattle, WA, sharrows were placed in the
center of the lane on a downhill portion of
a busy bicycle commuting street. Prior to




the sharrows, a 5-ft bicycle lane was added
to the uphill portion of the street, and the
center line of the street was shifted.

Methodology

The experimental design was to collect data
of bicycles and motor vehicles operating
in the traffic stream before and after
installation of the shared lane markings.
While it would have been desirable to have
used an experimental design with compari-
son data, no adequate comparison sites
were available. This is often the case in
bicycle safety studies where slight differ-
ences in traffic flow, grade, pavement surface,
or some other variable can greatly influence
outcomes related to the bicyclists. One way
to possibly obtain a comparison site is to
install a treatment on part of a route and to
use the remainder as a comparison. How-
ever, when a community is installing a treat-
ment, almost invariably, the intention is to
install the treatment along the entire route
where the cross section is continuous.

Local staff collected videotape data before
and after sharrow placement. The bicycle
was the basic unit of analysis. A number
of measures of effectiveness and other
attributes were examined. Videotape coding
was performed to obtain information about
the bicyclist and to examine the opera-
tions of bicycles and motor vehicles when
a motorist was following or passing a bicy-
clist. In Cambridge, MA, and Seattle, WA,
events related to the presence of parked
motor vehicles were also examined, such
as existing open doors and near dooring
events, as well as motorists pulling into or
out of parking spaces.

The following spacing data were also
obtained from images extracted from the
videotapes:

° Distance between bicycles and parked
motor vehicles (tire to tire).

° Distance between bicycles and the curb
at the edge of the road (tire to curb)
where there was no parking.

° Distance between bicycles and passing
motor vehicles (tire to tire).

° Distance between motor vehicles in the
travel lane and parked motor vehicles
(tire to tire) or the curb (tire to curb)
when no bicycles were present.

Chi-square tests were used to examine the
distributions of variables before and after
placement of the shared lane markings.
Analysis of variance models were used to
study the effect of shared lane markings on
spacing and other performance measures.
In these models, the independent variables
included site characteristics, type of treat-
ment, and a dummy variable indicating
whether it was a before or after condition.
The sign and significance of the coefficient
of this dummy variable were used to assess
the effectiveness of the markings. None
of the data were combined across sites
because of differences in the uses of the
shared lane markings in each city.

Cambridge, MA, Experiment

Cambridge, MA, has many street cross
sections where the recommended 11-ft
spacing from the curb would not be feasible.
The sharrows were placed 10 ft from the
curb for about 2,500 ft on Massachusetts
Avenue, which is a 4-lane divided street
with approximately 29,000 vehicles per day,
parallel parking on both sides, and a speed
limit of 30 mi/h. Figure 2 shows a view of
Massachusetts Avenue before sharrows
were placed on the street. The intent was
to determine whether the sharrows would
improve spacing of bicycles and motor
vehicles and also help prevent dooring.




Figure 2. Massachusetts Avenue condition in the before
period.

Results pertaining to the interaction of
bicycles and motor vehicles included the
following changes from before to after:

° A total of 94 percent of the bicyclists
rode over the shared lane marking.

° The percentage of bicyclists who took
the lane decreased from 13 to 8 percent.

® The percentage of avoidance maneuvers
(i.e., changing speed or direction to avoid
another party) decreased from 76 to
37 percent.

® The percentage of bicyclists who yielded
(i.e., gave way to a motorist) decreased
from 23 to 7 percent.

®  The percentage of motorists who yielded
(i.e., gave way to a bicyclist) increased
from 5 to 9.5 percent.

® The percentage of motorists who made
no change while following a bicyclist
increased from 44 to 65 percent.

Results pertaining to the spacing of bicy-
cles and motor vehicles in the presence of a
following motor vehicle in the after period
included the following:

® The distance from a bicyclist riding
beside a parked motor vehicle increased
from 40.1 to 42.3 inches when both dir-
ections were combined and increased

from 37.4 to 41.5 inches for the inbound
direction.

° Outbound spacing was 42.7 inches in
the before period and 43.1 inches in the
after period.

° The percentage of bicyclists who rode
within 40 inches (i.e., near the door zone)
of parked motor vehicles decreased.
Most of the effect was in the inbound
direction with a decrease from 58 to
41 percent. Comparable outbound values
were 44 percent in the before period
and 38 percent in the after period.

° The percentage of bicyclists who rode
within 30 inches (i.e., within the door
zone) remained unchanged at 13 percent.

Results pertaining to the spacing of bicy-
cles and motor vehicles in the absence of a
following motor vehicle in the after period
included the following:

® The change in distance between a
bicyclist and a parked motor vehicle
was negligible (approximately 45 inches
before and after).

° The percentage of bicyclists who rode
within 40 inches of parked motor veh-
icles increased from 37.5 to 45 percent,
although this may reflect the high
percentage of bicyclists who rode over
the sharrows.

° When motorists drove past parked
motor vehicles in the absence of bicycles
in the after period, the spacing increased
16 inches (from 77.4 to 93.6 inches) in
the inbound direction, 12 inches (from
84.5 to 96.5 inches) in the outbound
direction, and 14 inches (from 80.9 to
95.0 inches) combined.

Overall results from Cambridge, MA, indicate
the following:

® A total of 94 percent of bicyclists rode
over the sharrows.




° There was more operating space for
bicycles as motor vehicle spacing from
parked motor vehicles increased.

° A number of variables related to the
operations of bicycles and motor vehicles
showed positive effects.

° Placement of the sharrows 10 ft from
the curb (instead of 11 ft) was not a
problem.

Chapel Hill, NC, Experiment

The sharrows were placed 43.5 inches from
the curb along Martin Luther King, Jr. Boule-
vard (MLK) for 1.25 mi. MLK has a 5-lane
cross section (4 travel lanes and a center
two-way left turn lane) with no parking,
27,000 vehicles per day, a speed limit of
35 mi/h, and periodic sunken drain grates
next to the curb. There was a 3 to 4 percent
grade where the videotape data were
collected. The street had previously been
resurfaced, and the outside lanes were
marked nominally as 15-ft-wide lanes. The
spacing of bicycles and motor vehicles from
the curb and in situations where motorists
passed bicyclists was of primary interest.
Figure 3 shows MLK in the before period.

Results pertaining to the interaction of bicy-
cles and motor vehicles included the follow-
ing changes from the before period to the
after period:

° A total of 91 percent of the bicyclists
rode over the sharrows—97 percent in
the downhill direction and 88 percent
in the uphill direction. Bicyclists riding
uphill traveled slower and tended to
ride closer to the curb.

® The percentage of motorists who made
no movement to change lanes when
overtaking a bicyclist increased from
24 to 32 percent.

° There was no difference in the propor
tion of bicyclists riding near the curb

Figure 3. MLK in the before period.

(approximately 98 percent) or taking the
lane (approximately 2 percent).

® The percentage of avoidance maneuvers
decreased from 81 to 71 percent.

® The percentage of motorists staying in
the lane when following bicyclists
increased from 20 to 29 percent.

° There was no change in the percentage
of bicyclists or motorists who yielded.

Results pertaining to the spacing of bicycles
and motor vehicles included the following:

° In the presence of a following motor
vehicle in the after period, bicyclists rode
closer to the curb after the sharrows by
about 2.5 inches (40.1 to 377 inches).
The effect was more pronounced down-
hill (4.6 inches closer) versus uphill
(2.9 inches closer). Similar to Cambridge,
MA, this was likely a reflection of bicy-
clists tracking over the sharrows.

° There were slight increases in the
percentages of bicyclists who rode
within 30 and 40 inches of the curb. The
percentage within 30 inches increased
from 12.5 to 15 percent downhill and
47.3 to 50.5 percent uphill.

° When motorists passed bicyclists in the
after period, there was a small decrease




in the passing distance overall from
82 to 79 inches. In the downhill dir-
ection, motorists passed 7 inches closer
to bicycles (from 84.7 to 77.7 inches).
There was no change in the uphill
direction (from 80.0 to 81.1 inches).

° The percentage of passing motor veh-
icles within 50 inches showed only
small and insignificant differences (from
2.0 to 2.6 percent).

° When the distance of the right front
tires of motor vehicles from the curb in
the absence of bicycles was examined
in the after period, the spacing increased
8.3 inches in the uphill direction
(from 64.4 to 72.7 inches), 4.7 inches
in the downhill direction (from 76.6 to
81.3 inches), and 7 inches overall (from
70.5 to 77.0 inches).

° The percentages of motor vehicles
within 50 and 60 inches of the curb were
also significantly lower in the after
period. The effect was most pronoun-
ced in the uphill direction (from 16 to
4 percent within 50 inches and from
46 to 17 percent within 60 inches).

° Bicyclist sidewalk riding significantly
decreased from 43 percent in the before
period to 23 percent in the after period.
In the downhill direction, sidewalk riding
decreased from 39 to 10 percent, with
no significant change in the uphill
direction.

° Wrong-way riding by bicyclists was
11 percent in the before period and
8 percent in the after period (nonsignifi-
cant change).

Overall results from Chapel Hill, NC, indicate
the following:

o A total of 91 percent of bicyclists tracked
over the sharrows and rode at a safe

distance from the edge of curb with more
of an effect in the downhill direction.

° Motorists moved away from the shar-
rows, providing more operating space
for bicyclists.

° A number of variables related to the
operations of bicycles and motor veh-
icles showed positive effects.

° Bicyclist sidewalk riding decreased in
the downhill direction.

° There was no change in the percentage
of bicyclist wrong-way riding.

Seattle, WA, Experiment

Sharrows were placed in the center of the
lane 12.25 ft from the curb on a downhill
section of Fremont Street, which is a 2-lane
street that has a speed limit of 30 mi/h,
10,000 vehicles per day, 3.6 percent grade,
and parking on both sides of the street.
The placement was meant to encourage
bicyclists to take the lane while traveling
downhill. Data were collected in two addi-
tional periods following the before period.
The centerline of the street was repositioned
to allow a b-ft bicycle lane and parking
line to be installed on the uphill section of
the street (after period 1). Sharrows were
then added in the downhill direction (after
period 2) since there was not enough width
for bicycle lanes on both sides of the streets.
Figure 4 shows a section of Fremont Street
in the before period.

Results pertaining to the interaction of
bicycles and motor vehicles included the
following changes from the before period to
the after period:

L There was no difference in the safety
of the manner in which motorists were
following and passing bicyclists. Overall,
97 percent of these maneuvers were
considered to be performed safely.




Figure 4. Fremont Street in the before period.

A total of 15 percent of the bicyclists
rode over the sharrow during the after
period 2.

A significantly higher percentage (51
versus 28 percent) of bicyclists shifted
toward the center of the lane and took
the lane during after period 1 when
the lane was narrowed to accommo-
date the addition of the bicycle lane in
the uphill direction.

The percentage of bicyclists who yielded
(i.e., changed direction or speed to
give way to a motor vehicle) decreased
from 3.3 percent in the before period
to 2.8 percent in after period 1 and
0.7 percent in after period 2.

The percentage of motorists who
yielded (i.e., changed direction or speed
to give way to a bicycle) decreased
from 13 percent in the before period to
6.5 percent in after period 1 and 5 percent
in after period 2.

Results pertaining to the spacing of bicycles
and motor vehicles included the following:

In the absence of following motor veh-
icles, the average spacing between
bicycles and parked motor vehicles did
not significantly change across periods

(45.8 inches in the before period,
475 inches in after period 1, and
44.5 inches in after period 2).

The percentage of bicyclist spacing
values within 30 inches (i.e., within
the door zone) increased from about
6 percent in the before period to about
12 percent in the two after periods.

The percentage of bicyclist spacing
values within 40 inches increased
from 36 percent in the before period to
39 percent in after period 1 and 44 percent
in after period 2 (nonsignificant change).

When motorists drove past parked motor
vehicles in the absence of bicycles in
both after periods, the average spacing
decreased about 18 inches due to the
change in the roadway configuration
(the lane had been narrowed by 2.5 ft).

Overall results from Seattle, WA, indicate the
following:

Sharrow placement alone did not seem
to result in an increase in the percentage
of bicyclists taking the lane.

Bicyclists were already riding out of the
door zone in the before period and stayed
in this location in both after periods.
Sharrows had previously been installed
11 ft from the curb next to parked cars
over a 2,000-ft, four-lane section of
Fremont Street leading into the section
studied in the current project.

It is possible that narrowing the travel
lanes and adding the uphill bike lane
had more of an effect on operations and
spacing than the addition of sharrows.

The bicyclists riding in the street
seemed experienced and showed that it
was not necessary to ride in the middle
of the lane to control the lane.




Conclusions

Sharrows can be used in a variety of situ-
ations, and increased use should enhance
motorist awareness of bicyclists or the pos-
sibility of bicyclists in the traffic stream.
Results indicate that sharrows increased
operating space for bicyclists. Sharrows
have reduced sidewalk riding not only in the
current study but also in a previous study
in Gainesville, FL."® As communities continue
to experiment with various uses of sharrows,
it is recommended that researchers continue
to create similar trials in other locations and
traffic settings and then evaluate and report
those experiments so that more data can be
examined and guidance to users improved.
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