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Smart Stud In-Pavement Crosswalk Lighting System

REFERENCES:

WP —2005-R-3

INTRODUCTION

In accordance with the Manual on Uniform Traffic Control (MUTCD), Section 3B.17,
Crosswalk Markings, “Crosswalk markings provide guidance for pedestrians who are
crossing roadways by defining and delineating paths and serve to alert road users of a
pedestrian crossing point across roadways not controlled by highway traffic signals or
STOP signs.” However, recent studies have shown that many pedestrians feel overly
secure when using a marked crosswalk often placing themselves in a hazardous situation.
Additionally, the motorist’s view of a crosswalk is greatly reduced when they are at a
safe stopping sight distance due to the effects of foreshortening and distance
diminishment as well as other variables such as roadway alignment, weather, dirty
windshields, glare and adverse lighting conditions (ref. Mesa). In an effort to increase
pedestrian safety and driver awareness, the Vermont Agency of Transportation, installed
a series of in-pavement flashing waming lights to further delineate the limits of a
preexisting crosswalk located in Quechee, an area with a high population of tourists and
large traffic volume Quechee is an unincorporated village within the town of Hartford.

The following report provides initial observations about the installation of an
experimental in-pavement lighting system in association with a heavily traveled roadway
for both motorists and pedestrians. In addition, the report contains information pertaining
to cost, maintenance and initial findings concerning the « ‘ectiveness at increasing driver
awareness.

PROJECT DETAILS:

In accordance with the Category 1l workplan, WP 2005-R-3, the in-pavement lighting
system was installed on US 4 at approximately MM 3.4 in the town of Hartford, near the
Quechee Gorge Visitors Center. This area is characterized by a heavily traveled roadway















removal of the preexisting in-pavement lighting system and installation of the new
SmartStuds. The manufacturer has agreed report the causations of the failure, which will
be published in the final report along with any additional observations.

BEFORE AND AFTER STUDY

In order to assess and document any changes in driver behavior, an observational study,
known as a before and after study, was conducted in association with the in-pavement
lighting system. For this examination, two scenarios were carried out prior to and
following installation. The first situation involved an Agency member dressed in typical
pedestrian clothing providing an impression that they were about to step into the
crosswalk by looking in both directions. The second situation involved the same Agency
member looking in both directions and then stepping into the crosswalk. Oncoming
traffic was visually monitored during these events in order to assess dnver behavior.
Figure 9 and 10 below depict the two scenarios.
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The before study was conducted on Monday, July 18", 2005, approximately two months
prior to installation by personnel from the Local Transportation Facilities Section. In
order to conduct the study, 400 feet was delineated on either side of the crosswalk at a
distance between 100’ to 500’ from the crosswalk in both the eastbound and westbound
direction. During each pedestrian event, a stopwatch was utilized to determine the
amount of time it took to travel the known distance. In addition to travel time, the
yielding behavior as to whether a driver stopped for the pedestrian was also recorded.
Additionally, when possible, the state for registration of the vehicle was also noted in
order to assess the impact of the crosswalk on local residents and tourists. The after
study was carried out on Monday, June 12™ 2006, nine months after installation in a
similar manner. In both case, the ambient air temperature was approximately 70°F and

partly sunny.

All recorded observations were entered into a database for analysis. The average speed
of the driver was calculated by dividing the travel distance by travel time and converting
the units from feet per second into miles per hour. A summary of the change of speeds
prior to and following installation are provided in Table 1 below. In addition, a summary
of yielding behavior is contained in Table 2.
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Average: 30.9 32.8 30.1 30.2 32.5 31.2 32.3 29.8
Std.: 2 5.3 71 8.0 8.3 5.2 7.0 4.9 6.2
Count: 50 50 30 50 50 50 50 50

Table 1 — Speed Summary

EB Looklng Before
WB Looking Before
EB Stepping Before
WB Ste ping

EB LookJAfter 5
WB Looking After
EB Steppi ng After

" Table 2 — Yield Summary

In assessing the results from the speed study it is unclear as to how effective the in-
pavement lights were in reducing the overall speed of oncoming traffic in either direction.
Sample size may have influenced the results of this study. However, it is important to
consider that the calculation provides an average speed, thus it is difficult to draw any
conclusions as a driver may have been traveling well above the speed limit through the
beginning of the identified section and slowed down significantly at the end. However,
the SmartStuds did appear to have a larger impact on drivers traveling in the westbound
direction. This theory is further supported by the observed yielding behavior. While the
percentage of traveling public stopping for a pedestrian looking in both directions prior to
walking into the crosswalk decreases by 18% in the eastbound direction following
installation, the percentage increases by 41% in the westbound direction. The lights also
appear to have an impact on the yielding behavior when pedestrians are stepping in the
crosswalk with a calculated increase of 5% within the eastbound direction and 20%
within the westbound direction.

At this time it is difficult to ascertain why the SmartStuds are more effective at increasing
driver awareness within the westbound lane. It may be due to the location of the gorge in
reference to the crosswalk. Travelers in the westbound traffic may be interested in
examining the gorge as they drive by and slow down in anticipation. Conversely, drivers
have already observed the gorge in the eastbound direction and may be distracted or
increasing speed. As one other final aside, while the before study was conducted two
months prior to installation, the after study was conducted nine months following



installation. Over time local residents may become complacent as they become more
familiar with the operating system. However, overall the in-pavement lighting system
does appear to have an effect on driver awareness

INITIAL FINDINGS:

Although the operating system has greater cost than marking and maintaining a standard
crosswalk, the in-pavement lighting system appears to be effective in increasing driver
awareness and pedestrian safety. Installation of the system can be performed by any
trained individual potentially reducing the overall cost. However, as with any power
source, a licensed electrician must be onsite to connect the SmartCabinet to the cables
and power supply. The life cycle cost of the system is an important parameter for
consideration as an anticipated service life of 5 to 7 years results in a yearly cost of
approximately $1200 to $800, respectively. The operating system should require very
little maintenance although after just one year of service, two of ten SmartStuds are in
need of repair. However, little is known at the present time what were the causations of -
the failure. Materials and Research personnel will be onsite to observe the removal of the
failed lights and will include the reasons within final report.

The results from the before and after study are quite promising. In each case, driver
awareness increased following in the installation of the lights with the exception drivers
traveling in the eastbound lane when the pedestrian was looking in both directions.
Overall, there was an increase of 14% in yielding behavior. However, the discrepancy in
effectiveness within the east and westbound lanes requires additional attention. In
addition, it is recommended that another after study is conducted three years following
installation in order to examine effectiveness over time or during inclement weather
which may obstruct the view of oncoming traffic.

APPLICABILTY:

The main objective of a recent initiative by the Federal Highway Administration, known
as the Safe Routes to School Program, is to encourage children to walk and bike to school
instead of taking the bus or being driven by parents. This is accomplished by increasing
the number of appealing transportation alternatives such as the construction of sidewalks
and crosswalks. However, recent studies have shown that many pedestrians feel overly
secure when using a marked crosswalk often placing themselves in a hazardous situation.
Even the MUTCD, Section 7C.01, Traffic Control for School Areas, states that
“Pavement markings have limitations. They might be obliterated by snow, might not be
clearly visible when wet, and might not be durable when subjected to heavy traffic.” The
MUTCD further asserts under Section 4L.-01, Application of In-Roadway Lights, that the
use of in-roadway lights are to warn roadway users to slow down and/or come to a stop in
reference to marked school crosswalks, However, they do stress that engineering
judgment must be utilized to determine if a particular traffic control signal is justified at a
particular location.



FOLLOWLUP:

The in-pavement lighting system will be assessed on an annual basis for a minimum
duration of three years. The SmartStuds will be examined for any damage due to
vehicles or winter maintenance practices. In additional the entire operating system will
be assessed to note all malfunctions. In addition, another after study should be conducted
three years following installation to evaluate driver complacency. Materials and
Research personnel will be present to observe the removal of the preexisting in-pavement
lights and determine the causations for the failure of the two SmartStuds. A final report
will be published outlining the above referenced topics and recommendation regarding

applicability.

References:

Pedestrian Crosswalks — How Safe are They?. 27 Nov. 2006. The City of Mesa.
15 December 2006 <http://www.cityofmesa.org/transportation/ped_cross.asp>.

Federal Highway Administration. Manual on Uniform Traffic Control. 2003.

Disclaimer
“The information contained in this report was compiled for the use of the Vermont
Agency of Transportation. Conclusions and recommendations contained herein are based
upon the research data obtained and the expertise of the researchers, and are not
necessarily to be construed as Agency policy. This report does not constitute a standard,
specification, or regulation. The Vermont Agency of Transportation assumes no liability
for its contents or the use thereof.”
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Technical Data Sheet m

SYSTEMS

Inductively powered LED road stud.

No physical connection to buried cable.

Uni-directional: 10 high intensity LED’s facing one direction.
Bi-directional: 20 (10&10), high intensity LED’s facing both directions.

Available LED colors: Yellow, White, Green, Red, and Blue.

Available stud colors: Yellow and White are standard. Other colors available.

Visible up to 1.2 Miles (2Km) away.

Light divergence - 9.5° vertical, 30° Horizontal

Bayer™ Mackrolon® Hi Impact Polycarbonate housing.

Can withstand an impact of over 9000kg compressive load (20,000ibs).

Can withstand a maximum temperature of 100 degrees Celsius (212 degrees Fahrenheit).
Two orientations: Lengthways (long line) and crossways (cross walk).

The Node is used to help amplify the inductive field under each stud.
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