Dynamic Work Zone Traffic Management

CONSTRUCTION ACTIVITY

IN HIGHWAY WORK ZONES
CREATES CONSTANTLY
CHANGING TRAFFIC
CONDITIONS THAT REQUIRE
REAL-TIME TRAFFIC
INFORMATION TO KEEP
MOTORISTS INFORMED OF
THE CONDITIONS AHEAD.
SMART WORK ZONES NOT
ONLY HELP INCREASE SAFETY
AND MINIMIZE DELAYS, BUT
THE COLLECTION OF TRAFFIC
DATA CAN BE USED BY
CONSTRUCTION PERSONNEL

TO MAKE INFORMED

DECISIONS.

INTRODUCTION

Smart work zone technology has long
been an important part of work zone
management, providing motorists with
real-time information through variable
message signs or through Web sites de-
signed to aid travelers before they ever
leave their house. The technology is
constantly evolving, enabling engineers
and construction personnel to actively
monitor work zone operations and make
important, real-time and near-real-time
decisions in the field.

As part of the Oregon Transportation
Investment Act (OTIA) III State Bridge
Delivery Program, the Oregon Bridge
Delivery Partners (OBDP), in conjunc-
tion with the Oregon Department of
Transportation (ODOT), have been
evaluating the use of traffic data gath-
ered using smart work zone technology
and its potential applications during a
project’s design and construction phases.
OBDRP is a joint venture between HDR
Engineering and the Fluor Corporation
and is managing the repair or replace-
ment of hundreds of bridges throughout
the state of Oregon, USA, over the span
of eight years.

In response to the overwhelming num-
ber of highway work zones as a result of
bridge construction, ODOT has adopted
a proactive policy in dealing with work
zone mobility statewide. New mobility
standards require that work zone traffic
analysis be performed for every project
that involves potential impacts to traffic
flow. Work zone traffic analysis is per-

formed at the plan-
BY JEREMY JACKSON, E.L.T. ning stage of every
project and is continu-
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ally revisited throughout design and the
end of construction. The use of smart
work zone technology to manage mobility
is an integral part of ODOT’s mission to
keep freight and traffic moving through
an unprecedented amount of bridge con-
struction on Oregon’s highways.

WORK ZONE TRAFFIC ANALYSIS

Work zone traffic analysis is a tool that
identifies the acceptable hours of the day
during which traffic lanes can be closed
for construction or maintenance activi-
ties while maintaining stable and efficient
traffic operations. This analysis is criti-
cal because lane closure restrictions can
preserve highway safety, alleviate costly
staging strategies and reduce lengthy
travel delays. The lane closure restriction
hours identified during a work zone traffic
analysis are written into the project speci-
fications for a construction project.

Preserving highway safety is the single
most important goal of work zone traffic
analysis. A recent report on determining
the major causes of highway work zone
accidents in Kansas, USA, published by
the Kansas Department of Transportation
and the University of Kansas Center for
Research, found that 68 percent of work
zone accidents were multi-vehicle crashes.
These crashes included head-on, sideswipe
and rear-end collisions, where 40 percent
of them were caused by heavy trucks. Of
these three accident types, the number of
rear-end collisions in work zones can be
reduced or eliminated through effective
work zone traffic analysis.

Determining acceptable windows of
time in which a traffic lane can be safely
closed requires an estimation of traffic
volumes throughout construction and a
threshold for maintaining stable and ef-
ficient traffic operations. Traditional work
zone traffic analysis uses up to seven manual
traffic counts for day-to-day and hour-to-
hour differences and seasonal adjustment
factors to account for month-to-month
variations in traffic. An example of a week-
day, Monday through Thursday, lane clo-
sure chart used to determine lane closure
restriction hours is shown in Figure 1.

The resulting 24-hour, 12-month es-
timation of traffic volumes are compared
to a free-flow threshold that represents the
maximum sustainable volume that yields
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Figure 1. Lane closure restriction chart.
average travel speeds at or near free-flow  MOBILITY 5 cannot exceed seven minutes. With

conditions. Free-flow thresholds differ de-
pending on the type of work being per-
formed, specific operational issues such as
merging or weaving segments and driver
population. Traffic volume estimates that
exceed the free-flow threshold are high-
lighted to indicate the hours of the day
when a traffic lane cannot be closed dur-
ing construction.

Given the variable nature of traffic pat-
terns over the course of a construction
project, work zone traffic analysis must be
performed early on in the project develop-
ment process and continued throughout
design to the completion of construction.
During the design phase, the results of the
analysis can affect project staging strate-
gies and schedule development and have
the potential to change the final design.
Providing up-to-date analysis results dur-
ing construction can often benefit the
contractor by adjusting the work windows
needed for lane closures.
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As ODOT’s work zone traffic analysis
process began to shift with the start of the
OTTIA III State Bridge Delivery Program,
so did the concept of delay and mobility.
Where individual work zones were once
treated as separate entities, the program
promised the potential for dozens of proj-
ects under construction simultaneously. In
order to ensure that aggressive construction
schedules were met without negatively af-
fecting the movement of freight and the
traveling public, mobility goals were de-
fined that established thresholds for the
amount of construction-related delay that
was acceptable along segments of key road-
ways in Oregon. Primary routes, such as
the Interstate 5 corridor, were broken into
smaller segments as shown in Figure 2.

Segment 4-C is approximately 55 miles
in length and has a delay threshold of only
seven minutes. Therefore, the combined
construction-related delay for all active
projects along this segment of Interstate

the implementation of delay and travel
time thresholds as a result of the OTIA
111 Bridge Program came the need for the
work zone traffic analysis process to inte-
grate delay analysis into its methodology.
Work zone traffic analysis is capable of
producing delay estimates for a project, but
delay thresholds must be managed through

intelligent work zone monitoring.

SMART WORK ZONES

A smart work zone is a construction
zone in which intelligent transportation
technology has been deployed to increase
safety and provide information to motor-
ists. Smart work zones often use side-fire ra-
dar or other sensor technology to detect the
presence and speed of vehicles approaching
a work zone. The real-time data collected
by a smart work zone system is used to
display important messages on one or more
variable message signs. Smart work zone
technology is commonly used to determine
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Figure 3. Averages within a traffic queve.

travel times through highway construction
zones using side-fire radar. The estimated
travel time as a result of construction is
then displayed on variable message signs
warning motorists of expected delays. Re-
search has indicated that smart work zones
can improve both safety and mobility on
highway construction projects.

Side-fire radar is widely used across the
country for various applications and set-
tings. Many distributors are available that
carry different technology with unique
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algorithms, software and hardware used
to gather data. The technology of side-
fire radar works by taking real-time mea-
surements of vehicles that pass within
the radar’s field of view. The radar unit
is mounted in such a way that it allows
the radar to measure traffic volumes and
vehicle speeds at any given point that is
being monitored by the system. In or-
der to collect travel time information,
multiple units are used to monitor traffic
at several points on a roadway segment.

Using vehicle speeds measured at each
location and the distances between units,
reasonable assumptions can be made to
extrapolate the travel time and delays for
traffic within that segment. The accuracy
and reliability of this system, however, is
dependent on the number and placement
of the monitoring devices.

USING THE DATA

Smart work zones not only increase
safety and provide important information
for motorists, but the applications of his-
toric and real-time traffic data collection
go beyond the traveling public. During the
design process, historic traffic data can aid
in the development of lane closure charts.
Data collection devices can be deployed
prior to construction to obtain the neces-
sary traffic data, or the data collected from
similar projects can be used. Work zone
traffic analysis provides an estimation of
traffic volumes that are used to determine
acceptable hours of the day when a lane
of traffic can be closed, having a direct im-
pact on the movement of freight and the
traveling public. Having access to historic
traffic volumes will produce more accurate
results for determining lane closure restric-
tions and construction staging.

Historic traffic data can also be of
value in managing work zone construc-
tion activities. Depending on the length
of construction, frequent reviews of work
zone delays and mobility goals can pro-
vide a clear measure of the effectiveness of
traffic management strategies chosen for a
project. When delays outside of acceptable
limits are identified, an investigation can
lead to changes in traffic control strategies
and improvements in practice for future
projects. When considering a new project,
the historic data can provide a benchmark
for determining suitable strategies.

In addition to measuring travel times
through a work zone, the placement of
side-fire radar units leading up to a work
zone can be used for queue detection. Mul-
tiple devices strategically placed upstream
of a work zone will monitor vehicle speeds
approaching a lane closure. If a traffic
queue begins to form, measured speeds at
each radar device will decrease as the length
of the queue increases. A plot of vehicle
speeds collected upstream of a work zone
lane closure is shown in Figure 3.
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Speed data can be used to identify
when a traffic queue formed and how
long it lasted. Fluctuations in vehicle
speed within a traffic queue can also be
observed, indicating the importance of
advance warning to motorists in order to
avoid rear-end collisions.

Real-time and near-real-time traffic data
collected using smart work zone technology
can be used by construction and manage-
ment personnel to monitor the status and
performance of a work zone. The collec-
tion of traffic volume data can be used to
modify the construction specifications if
a contractor determines that a particular
construction activity will require a lane clo-
sure outside of the contractual lane closure
restriction hours. If a contractor requests
that a lane be closed two hours early, for
example, near-real-time traffic volume data
can be used to assess current volume condi-
tions and compare them to the lane closure
charts developed during design. Monitoring
traffic volumes during construction can add
potential cost savings to a project if traffic
volumes indicate that a traffic lane can be
safely closed earlier than expected.

An added benefit of using smart work
zone technology to monitor construction
activities is the ability to view or download
real-time and historic traffic data from a
Web-based reporting system. Many intel-
ligent transportation systems (ITS) devices
use global positioning system (GPS) tech-
nology to display their location on an inter-
active map interface, as shown in Figure 4.

Having access to real-time and near-
real-time traffic data via the Web allows
for quick verification that traffic flow is
being maintained and delays are within
acceptable standards. In order to monitor
work zone operations, threshold speed
and travel time limits can be set for each
work zone. If the threshold is exceeded,
an automated notification message can
be sent by e-mail to inform someone that
traffic queues are forming or delays are
beyond acceptable limits. This gives con-
struction and management personnel the
opportunity to respond to situations as
they occur in the field and make immedi-
ate changes to improve operations.

CONCLUSION
When deployed in a highway con-

struction zone, smart work zone tech-

ITE JOURNAL / MAY 2010

Van Hom

'Ig — @)
{
1 Info Config
iCome™: 54 ®
Seniale(x(403
7 :: Now 30, 2008
/ Location Time: 201000
Bl doa 3 (D) . Now30,2008
) 1 Data Time: 20-59-00
Avg Speed: 64.00 mph
Ju
Crey Temperature: 57TF
Battery: 1283300V
Visibiliry: publi

Get Historical Report

Figure 4. Sample Web-based reporting system for work zone monitoring.

nology not only helps increase safety
and provide motorists with important
information regarding delays and travel
times, but the collection of historic and
real-time traffic data can be used for
both design and construction. During
the design process, historic traffic data
can be used in work zone traffic analysis
to provide more accurate lane closure
restrictions that are included in a project’s
construction specifications. Additionally,
historic traffic data can be used during
construction to evaluate mobility goals
and measure the effectiveness of traffic
management strategies.

Real-time and near-real-time traffic
data collected using smart work zone
technology can be used by construction
and management personnel to make in-
formed decisions that affect construction
and the overall operations of a work zone.
Speed and volume data can be used to
detect traffic queues and modify contrac-
tor work hours if necessary. Monitoring
construction activities via a Web-based
reporting system allows for quick assess-
ments of work zone performance and the
opportunity to evaluate and respond to
situations as they occur in the field. H
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