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Implementation of Research Findings

The Michigan Department of Transportation’s (MDOT) research provides critical information and data
on transportation issues that are essential for effective transportation planning, design, and operations
decision-making. Transportation research generates knowledge and innovations that can enhance the
safety, efficiency, and sustainability of transportation systems. This report provides a summary of
research findings and results for the last two years’ worth of research. The full value of this research is
only realized when research findings are implemented in practice. Research implementation is essential
because it ensures that research findings are used to address practical transportation problems, and it
allows stakeholders to reap the benefits of the research investment. With implementation as a goal,
Research Administration (RAd) guides MDOT subject matter experts, focus area managers, and
executive staff through the following process:

MDOT Research Advisory Committees (RAC) meet every two years to review implementation
opportunities resulting from MDOT research projects and Michigan supported Transportation
Pooled Fund (TPF) studies. Prior to the RAC meetings, RAd provides direction and training to assist
Project Managers (PM) overseeing these projects with implementation planning.

The PMs present their respective implementation plans to the RAC chairs and discuss the
assignment of an Implementation Manager (IM) with the resources and authority to champion the
implementation efforts. Approved implementation plans are then presented to the Research
Executive Committee (REC) to make a final determination.

Following the REC meeting, approved implementation plans are given to the assigned IM. The IM is
responsible for ensuring that the approved implementation plan is followed and updated as needed
throughout the implementation phase. The RAC chair and RAd are updated by the IM, on an as-
needed basis, as to the progress of implementation and when implementation completion is
expected. RAd tracks the status of implementation and provides periodic reports to the RAC chair.

Research Administration engages in this process in a dynamic way planning new research projects and
implementing the results of past projects, as transportation systems are subject to changing user needs,
technological advancements, and environmental pressures, which require innovative solutions to
address emerging issues. Reviewing this collection of project summaries will inform you of the research
engaged in and provide a sense of the value of the research conducted.



Research Implementation Plans

Highways Delivery & Operations Research Advisory Committee (RAC)

OR No. Research Project Title Project Manager
OR19-052 Development of a Network-level Evaluation Tool for

Managing ITS Infrastructure for Managing ITS Infrastructure. Joe Gorman
OR19-129 Recruit and Maintain/Upgrade a High-Tech Workforce

for Emerging Technologies. Elise Feldpausch
OR19-056 Quantifying Effectiveness and Impacts of Digital Message

Signs on Traffic FlOW. Eliseo Gutierrez
OR19-064 Integration of Unmanned Aerial Systems Data Collection

into Day-to-Day Usage for Transportation Infrastructure

Program Asset Management and Systems Operations_ Linn Smith
OR21-008 Quantifying the Impact of Super Single (Wide Base)

Tires on Pavement Damage in Michigan.___ Justin Schenkel
OR19-122 Effectiveness of Crash Fact/Safety Message Signs on

DYNamMIiC MeSSaBe SIBNS Mark Bott
OR19-114 Performance and Safety of the US-23 FlexRoute ... Jason Firman
OR17-204 Research on the Operational Costs and Benefits of Speed

Feedback Signs

Multi-Modal Transportation & Finance RAC

OR No.

Research Project Title

Alonso Uzcategui

Project Manager

OR19-032

Safety Enhancements at Short-Storage-Space Railroad
Crossings

Planning & Organizational Development RAC

Nikkie Johnson

OR No. Research Project Title Project Manager
OR19-072 Synthesis of National Best Practices on Pedestrian and

Bicycle Design, Guidance and Technology Innovations Mark Bott
OR20-005 Assessing System Performance of the Michigan Trunkline:

Measures and Analytical Procedures for Planning and Operations

Highways Bridges & Structures RAC

OR No. Research Project Title Project Manager
OR19-002 Evaluation of Camber and Deflections for Bridge Girders Kyle Kopper
OR19-017 Concrete Deterioration of Prestressed Bridge Beams_ Rick Liptak



Research Implementation Plans (con’t)

Highways Development RAC

OR No. Research Project Title Project Manager
OR20-003 Michigan Transportation Construction PriceIndex_ Kirsti Kirkpatrick
OR20-002 Innovative Contracting Best Practices Ryan Mitchell
OR20-004 Innovative Contracting Risk Management Best Practices Ryan Mitchell
OR21-013 Infrastructure Protection and Rehabilitation Response to High

Lake Levels Hal Zweng
OR19-100 Developing a Consistent Data Driven Methodology to Multimodal,

Performance Based, and Context Sensitive Design John Martin



Highways Delivery & Operations RAC
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Project Information

REPORT NAME: Development of a
Network Level Evaluation Tool for
Managing ITS Infrastructure

START DATE: May 2019

REPORT DATE: March 2021

RESEARCH REPORT NUMBER: SPR-1700
TOTAL COST: $465,450

COST SHARING: 20% MDOQT, 80%
FHWA through the SPR, Part Il
Program

MDOT Project Manager

Joe Gorman, P.E.

Cooperative Automated
Transportation Specialist

Intelligent Transportation Systems
Program O ce

GormanJ4@Michigan.gov
517-636-0635

RESEARCH ADVISORY PANEL MEMBERS:

Eric Arnsman, Collin Castle,
André Clover, Garrett Dawe, Elise
Feldpausch, Brandan Maurer,
Suzette Peplinski, and Aaron
Raymond.

ITS evaluation tool calculates
value and impact of highway
technology

For decades, the Michigan Department of Transportation (MDOT) has
been using intelligent transportation system (ITS) technology along the
nearly 10,000 miles of highway it oversees. This system includes devices
such as closed-circuit television cameras, environmental sensor stations,
and dynamic message signs. To manage these assets, understand the
advantages each provides and evaluate the potential of proposed ITS
projects, MDOT sought a method to assess which devices most e ectively
improve safety and decrease delays on state highways. This project
developed a methodology and tool to help MDOT compare the di erent
technologies for improved planning and decision-making capabilities.

PROBLEM

For 30 years the Federal
Highway Administra-
tion’s Intelligent Trans-
portation Systems Joint
Program O ce has been
working to accelerate
the development and
use of ITS technologies
to enhance mobility,
safetyande ciencyin
the nation’s transporta-
tion system. Managing
more than 10,000 miles
of highway, MDOT

has been an early and active participant,
adopting, installing and promoting ITS sensor stations, dynamic message signs,
devices and programs across the state. and other data collection and transmission
Some of the most heavily travelled corridors  devices. These technologies are designed to
in Michigan are well-equipped with ITS enhance safety and decrease travel delays
devices, including closed-circuit TV cameras,  on highways.

Dynamic message signs are one element of MDOT's ITS statewide
network. They rapidly convey important information about unexpected or
changing conditions.

vehicle detection stations, environmental


mailto:GormanJ4@Michigan.gov
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MDOT prepares its workforce
for emerging transportation

Project Information

REPORT NAME: High-Tech Workforce
Preparation for Emerging
Transportation Technologies

START DATE: October 2019

REPORT DATE: June 2021

RESEARCH REPORT NUMBER: SPR-1699
TOTAL COST: $230,161

COST SHARING: 20% MDOQT, 80%
FHWA through the SPR, Part Il
Program

MDOT Project Manager

Elise Feldpausch

Connected Vehicle Specialist
ITS Programs O ce

FeldpauschE1l@Michigan.gov
517-388-2371

RESEARCH ADVISORY PANEL MEMBERS:

Collin Castle, André Clover, Alicia
Dell, Scott Douglas, and Frankie
Rider.

technologies

New technologies have emerged quickly throughout the transportation
sector in the last decade. Intelligent transportation systems, big data
analytics and connected and automated vehicles are a few of the
advancements that have the capacity to revolutionize how the Michigan
Department of Transportation (MDOT) manages the state’s transportation
system. This research study investigated the technologies on the horizon,
recommended methods to identify expertise gaps in MDOT’s current sta
and provided recruitment and training strategies to help MDOT build a
highly skilled and specialized workforce to meet future needs.

PROBLEM

The emergence and implementation

of many new technologies over the last

10 years have brought positive changes

for MDOT and present the potential for
further progress. Innovations in areas

such as wireless communications, data
technologies, advanced tra ¢ management
systems, and civil integrated management
have profoundly impacted the agency’s
work. With these technological advances
comes the need for an agency sta that can
understand, navigate and implement the
necessary tools to maximize transportation
opportunities and manage challenges
across the state.

To ensure it will have a technologically
sophisticated workforce in place to meet
demands in the coming years, MDOT sought
to identify which emerging technologies will
have the greatest impact on the agency’s

Drones, mobile robots and traffic operations
centers allow agencies to be more effective, but
their use depends on trained and experienced
operators.

work as well as the skills sta  will need to
use it. With that knowledge, MDOT could
then begin to recruit new specialists and
help current workers update and expand
their skills.

RESEARCH

Researchers began by identifying the
key technologies that will likely a ect
transportation operations and management


mailto:FeldpauschE1@Michigan.gov
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Integrating drones into
MDOQOT'’s day-to-day tra c
and asset management

Previous research by the Michigan Department of Transportation
(MDOT) illustrated the capabilities of unmanned aerial systems (UAS,
sometimes called drones) for a variety of asset and tra ¢ management
purposes. Case studies of four applications common to MDOT’s day-to-
day operations will help expand the uses of drones and illustrate new
potential, such as the integration of high-resolution geospatial data
integrated into MDOT’s work ows and databases. Overall, the e cient
and e ective data collectiona orded by UAS will improve MDOT
worker safety, increase mobility and o er asigni cant return on agency

Project Information

REPORT NAME: Integration of
Unmanned Aerial Systems Data
Collection into Day-to-Day Usage
for Transportation Infrastructure—
A Phase Il Project

START DATE: June 2019

REPORT DATE: June 2022

RESEARCH REPORT NUMBER: SPR-1713
PROJECT COST: $871,000

COST SHARING: 20% MDOT, 80%

FHWA through the SPR, Part Il

Program
|

MDOT Project Manager

Steven J. Cook, P.E.

Engineer of Operations and
Maintenance

Cooks9@Michigan.gov
517-204-3099

RESEARCH ADVISORY PANEL MEMBERS:

Frank Boston, André Clover, Elise
Feldpausch, Mike Meyer, Hilary
Owen, Stephanie Palmer, Mike
Soper, and Brian Zakrzewski.

investment.

PROBLEM

MDOT’s day-to-day management of the
transportation system requires signi cant
and ongoing data collection. As technology
changes, capabilities to collect timely,
detailed and accurate data evolve. Integrat-
ing data into systems and platforms that
the agency uses to carry out its mission is
challenging (and is often a moving target).
In 2013, MDOT initiated a three-phase
investigation into the viability and potential
of using UAS for data collection for a variety
of day-to-day operations. Phases one and
two demonstrated that several types of
drones are able to perform comparably
to traditional data collection methods in
avariety of applications. As highlighted
in an MDOT video Research Spotlight, the
research showed the capabilities, e ciencies
and cost-e ectiveness UAScan o er.

Traffic can be viewed, and traffic density analyzed,
in real time with data from unmanned aerial
systems processed through automated machine
learning algorithms.

Phase three expanded on the previous
work, enabling MDOT to incorporate UAS
as an established data collection tool into
the agency'’s daily operations. With a better
understanding of the platforms, sensing
technologies and data collection potential,


https://youtu.be/OHKAHe5Xc3E
mailto:Cooks9@Michigan.gov

“Collecting data with UAS
results in safer and more

e cient management of our
transportation system, which
translates into increased
mobility for road users. Now,
we can more e ectively
integrate this tool into our
day-to-day operations.”

Steven J. Cook, P.E.

Project Manager

{

MDOT sought to apply the technology to
four real-world data collection activities:
monitoring tra ¢, surveying, and inspecting
bridges and construction sites.

RESEARCH

Investigators explored how and whereto y
UASto e ectively monitortra candhow
to analyze live-stream data. For bridge and
construction inspections, data collected
from a variety of bridge sites represented
the range of conditions MDOT inspectors
encounter and demonstrated the capacities
of arti cial intelligence (Al) to enhance col-
lected data. To monitor construction, drones
own over pavement removal, concrete
and asphalt paving projects collected
thermal imagery and orthoimagery, which
geometrically corrects an image to make the
scale uniform.

Tests of UAS-based light detection and
ranging (LiDAR) data identi ed topographic
characteristics for design surveys. The data
was compared to existing mobile LiDAR
and traditional survey data to determine its
utility and accuracy.

Lastly, the team explored how
UAS-collected data and methods could be
integrated into MDOT’s existing work ows
and databases.

RESULTS

The research revealed a number of ndings
in the four test applications:

Tra cmonitoring: In addition to
identifying optimal ying heights and when
to use single or multiple drones for speci ¢
purposes, researchers developed algorithms
for analyzing live-stream video to provide
guantitative dataon tra ccounts, ow and
density. These analyses are applicable to
both daily tra c operations and analytical
tra cstudies.

Bridge inspection: UAS imagery
processed through an algorithm detected
the location, depth and surface area of
bridge deck concrete surface defects such
as spalling. Adi erent process used thermal
imagery to detect delamination in bridge
decks to a greater and safer extent than
traditional methods. UAS was also able
to access dangerous or di  cult-to-reach
bridge locations and process data with Al
into 3-D models to better illustrate bridge
lifecycles and maintenance needs.

Construction inspection: Drones can
support MDOT project managers in the eld
by monitoring the progress and quality of a
project during construction. UAS-collected
thermal images may help identify problem
areas such as temperature segregation in
recently laid asphalt, and can also estimate
work progress, or paving rates, without
having additional workers in dangerous
situations or potentially disrupting
construction.

LiDAR for design survey: While eld
conditions like dense vegetation may in u-
ence the accuracy of UAS-based LiDAR, the
data collected was generally comparable to
other survey data gathered by traditional
methods. The right kind of re ective ground
control targets can help with collecting
high-quality LiDAR data.

Finally, the research team developed
work ow diagrams that integrate and
map UAS data into MDOT’s work ows,
databases and decision processes for the
four investigated uses. They also conducted

demonstration and training sessions for
MDOT sta .

IMPLEMENTATION

Across the state, MDOT's certi ed pilots

are already using UAS for design surveys,
monitoring material stockpiles and mapping
invasive species. Drawing from this research,
the agency will continue to expand use of
UAS while exploring solutions to regulatory
challenges for using the tool in certain
situations (such as over tra c). Finally, MDOT
will continue to acquire equipment and train
sta inways to integrate UAS into their daily
operations.

Research Administration

Principal Investigator

Colin Brooks, Ph.D.

Senior Research Scientist
Michigan Tech Research Institute
3600 Green Court, Suite 100

Ann Arbor, M| 48105

cnbrooks@mtu.edu
734-913-6858

Contact Us

PHONE: 517-281-4004

E-MAIL: MDOT-Research@Michigan.gov
WEBSITE: Michigan.gov/MDOTResearch

This nal report is available
online at
www.Michigan.gov/MDOT/-/
media/Project/Websites/
MDOT/Programs/Research-
Administration/Final-Reports/
SPR-1713-Report.pdf.

Research Spotlight produced by
CTC & Associates LLC, September 2022.


mailto:cnbrooks@mtu.edu
mailto:MDOT-Research@Michigan.gov
http://Michigan.gov/MDOTResearch
https://www.Michigan.gov/MDOT/-/media/Project/Websites/MDOT/Programs/Research-Administration/Final-Reports/SPR-1713-Report.pdf
https://www.Michigan.gov/MDOT/-/media/Project/Websites/MDOT/Programs/Research-Administration/Final-Reports/SPR-1713-Report.pdf
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https://www.Michigan.gov/MDOT/-/media/Project/Websites/MDOT/Programs/Research-Administration/Final-Reports/SPR-1713-Report.pdf
https://www.Michigan.gov/MDOT/-/media/Project/Websites/MDOT/Programs/Research-Administration/Final-Reports/SPR-1713-Report.pdf
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Project Information

REPORT NAME: Quantifying the
Impact of Wide Base Tires on
Pavement Performance in Michigan

START DATE: March 2021

REPORT DATE: December 2022
RESEARCH REPORT NUMBER: SPR-1720
PROJECT COST: $170,000

COST SHARING: 20% MDOQT, 80%
FHWA through the SPR, Part Il
Program

MDOT Project Manager

Justin Schenkel, P.E.
Pavement Design Program Engineer
MDOT Construction Field Services

SchenkelJ@Michigan.gov
517-242-2788

RESEARCH ADVISORY PANEL MEMBERS:

André Clover, Michael Eacker, Thomas
Foltz, Scott Greene, Fawaz Kaseer, Brandon
Lambrix, Teresa Logan, and Jami Trudelle.

Understanding the impacts of
wide base tires on Michigan’s
pavements

The trucking industry has recently started using wide base single

tires (WBTS) in place of conventional dual tires on commercial trucks

to achieve better fuel economy and improved truck stability. While
WBTs 0 er bene ts for freight hauling, their larger size can cause more
pavement damage than conventional dual tires. To design and maintain
pavements that can withstand these potentially increased stressors, the
Michigan Department of Transportation (MDOT) initiated a research
project that collected data on wide base tire use within the state and
developed methods to predict pavement performance under the
corresponding tire loads.

PROBLEM

Dual tires have been
the standard on
commercial trucks
for decades —it’s
why the vehicles
are often known as
“18-wheelers.” Some
eets, however, have
begun to use WBTs
because they can
reduce fuel consump-
tion, resulting in cost
savings and fewer gas emissions. Compared
with dual tires, WBTs have a smaller area of
contact with the road.

MDOT designs its concrete and asphalt
pavements using design software that
estimates pavement damage based on
anticipated truck tra cand othertra c

The smaller surface area of wide base tires (left) can cause more
pavement distress than typical dual tires (right). This research will help
MDOT design pavements that can better withstand these challenges.

inputs and assumptions, including tire load
distribution and tire contact area or pressure.

For decades, MDOT has built the state’s
pavements and measured their performance
based on the presumption that trucks will
ride on dual tires. To accommodate a new
tire con guration, the agency needed to


mailto:SchenkelJ@Michigan.gov

“This work validated our
suspicion that we have a
measurable quantity of
wide base tires on Michigan
roads. Having an idea of the
tires’ impacts will help us
predict pavement
performance as they are
likely to become more
common.”

Justin Schenkel, P.E.
Project Manager

l

identify the impact of WBTs on both asphalt
and concrete pavements of di erent thick-
nesses and potentially modify its pavement
designs for the future.

RESEARCH

To estimate the number of WBTs on Michi-
gan roads, the investigators observed truck
tires at various weigh stations and truck
parking lots around the state. Additionally,
the investigators gathered video recordings
and used a computational learning tool to
distinguish axle and tire types. As a result,
they estimated the percentage of truck tires
on Michigan’s roads that are WBTS.

Next, investigators explored how WBTs
a ect pavement performance by review-
ing the di erences between dual- and
wide-tire stresses on road surfaces. Multiple
pavement analysis tools helped to predict
pavement stresses from WBTs. The analyses
measured the potential for fatigue cracking
and rutting in hot mix asphalt pavements of
varying thicknesses, as well as cracking and
faulting distresses in rigid concrete pave-
ments. The results allowed investigators to
develop predictive models to show how
WBTs are likely to damage pavements.

The study also explored how weigh-
in-motion (WIM) devices, which detect and

record axle and gross vehicle weight as a
truck passes over sensors on a roadway, can
be used to distinguish the types of tires on
a truck. Reviews of the WIM devices used

in Michigan and other related technologies
revealed newer and more advanced tools
that promise to di erentiate between tire
types and detect other vehicle character-
istics, such as wheel spacing and even tire
pressure.

RESULTS

The research showed that of all the com-
mercial trucks driving on Michigan’s roads
today, approximately 10 percent of the tires
currently are WBTs. This information will
help MDOT engineers design pavements
that are appropriate for the type and volume
oftra cthey will need to support, to design
more e ective pavements. Investigators cal-
culated the increased distress due to WBTs
and accordingly made recommendations for
potential pavement design revisions.

As expected, the impacts of WBTs on
asphalt and concrete pavements are greater
compared to a dual tire con guration:

* Asphalt: Added pavement distress

is relatively minor, though fatigue
cracking is a possible concern. Increas-
ing the thickness of pavement layers
will help to reduce cracking but will
not alleviate rutting.

» Concrete: Rigid pavements are
susceptible to faulting from wide tire
loads, and constructing thicker slabs
can reduce thise ect.

For both pavement types, pavement
smoothness is not signi cantly a ected by
WBT loads.

Finally, this study summarized the ca-
pabilities of WIM technologies in detecting
wide tires. Newer systems may accurately
distinguish between tire types, which the
current versions used in Michigan do not.

IMPLEMENTATION

MDOT will use the estimates of wide base
tires on state roads, as well as the prediction

functions for pavement impacts, as it
continually works to improve the accuracy of
its pavement design models. With a better
understanding of how the wider tires will
likely a ect Michigan’s roads, the agency
will be better able to anticipate pavement
performance over time and evaluate
alternative pavement designs. The agency
will also consider updating its statewide
design standards to account for WBTs on the
state’s roads.

Research Administration

Principal Investigator

Zhanping You, Ph.D., P.E.

Distinguished Professor, Civil,
Environmental, and Geospatial
Engineering

Michigan Technological University
1400 Townsend Drive, Dillman 301A
Houghton, MI 49931

zyou@mtu.edu
517-242-2788

Contact Us

PHONE: 517-281-4004

E-MAIL: MDOT-Research@Michigan.gov
WEBSITE: Michigan.gov/MDOTResearch

This nal reportis available
online at
www.Michigan.gov/MDOT/-/media/
Project/Websites/
MDOT/Programs/Research-
Administration/Final-Reports/
SPR-1720-Report.pdf.

Research Spotlight produced by
CTC & Associates LLC, April 2023.
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Insights into the E ective Use
of Dynamic Message Signs for
Tra c Safety

Dynamic message signs (DMSs) have been used successfully by many
transportation agencies to display travel and weather information.
Increasingly, the Michigan Department of Transportation (MDOT) and
other agencies use DMSs to communicate safety messages as well. There
has been little study, however, on how e ective these messages are in
improving tra ¢ safety. An MDOT research project provided guidance
on the best ways to use DMSs for safety messaging, and the results are
Eeesssssssssssssssssssss———8:  CONSiStent with federal recommendations.

Project Information

REPORT NAME: E ectiveness of Crash
Fact/Safety Message Signs on
Dynamic Message Signs

START DATE: March 2019

REPORT DATE: June 2021

RESEARCH REPORT NUMBER: SPR-1686
TOTAL COST: $127,022

COST SHARING: 20% MDOQT, 80%
FHWA through the SPR, Part Il
Program

PROBLEM

Many states, includ-

ing Michigan, have

used programmable
electronic DMSs for years
to display current travel
and weather informa-
tion. More recently,
DMSs have been used to

MDOT Project Manager

Mark Bott, P.E.

Engineer of Tra c and Safety
Michigan Department of
Transportation

convey a variety of safety
messages. While vehicles
have become safer

and more investments Dynamic message signs can display up-to-date fatality statistics

have been made in throughout the state.

crash countermeasures,

tra cfatalities have increased over the past
decade in Michigan and across the United
States due to driver behavior and other

BottM@Michigan.gov

517-335-2625 campaign since 2013. However, there has

been little study about the e ectiveness of
safety messaging on driver behavior and

tra csafety. MDOT engaged researchers to
understand how the public perceives these
messages and if the messaging is decreasing
crashes and other incidents.

RESEARCH ADVISORY PANEL MEMBERS:

Courtney Bates, Garrett Dawe, factors.
Hilary Owen, Suzette Peplinski, To encourage safer driving, MDOT
Steve Shaughnessy, Michael has used DMSs to display both factual and

Townley, and Kimberly Zimmer. more creative messages as part of a safety
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Project Information

REPORT NAME: Evaluation of an
Active Tra ¢ Management System
with Part-Time Use of the Inside
Shoulder

START DATE: March 2019
REPORT DATE: July 2021
RESEARCH REPORT NUMBER: SPR-1706
PROJECT COST: $184,000

COST SHARING: 20% MDOT, 80%
FHWA through the SPR, Part I,
Program

MDOT Project Manager

Jason Firman, P.E.

Manager, Congestion and Reliability
Section

FirmanJ@Michigan.gov
517-388-3378

RESEARCH ADVISORY PANEL MEMBERS:

Jason Bodell, John Engle, Jennifer
Foley, Andy Hodges, Stephanie
Palmer, Brad Sharlow, and Michael
Townley.

Evaluating safety and
tra cimprovements along
Michigan’s rst exroute

The Michigan Department of Transportation (MDOT) opened the state’s
rst exroute in 2017 along an 8.5-mile stretch of US-23 near Ann Arbor.
By monitoring tra ¢ ow and allowing drivers to use the inside shoulder
lane during peak travel times, tra ¢ control operators can alleviate
tra ccongestion and improve safety for all road users. Researchers
surveyed drivers and compared operational and crash data before and
after the addition of the ex route to evaluate its success and inform
recommendations for similar routes in the future.

PROBLEM

The nearly 9-mile cor-
ridor of US-23 north of
Ann Arbor is prone to
uctuating tra ¢ volumes
depending on the time
and day of the week.
On weekdays, anin ux
of commuters routinely
clog the four-lane divided
highway during the
morning and afternoon
rush hours, while tra ¢

on weekends is often In a flex route, MDOT authorizes the use of the interior shoulder lane

minimal. To increase the during peak traffic times to alleviate congestion, reduce crashes and
road’s capacity during improve safety.

peak times without the

expense, delay and environmental impact dispatchers in MDOT's Statewide Transporta-
of constructing an additional permanent tion Operations Center determine when the
lane, MDOT created the state’s rst exroute median shoulder in either direction should
along the stretch in 2017. This intelligent become a temporary third lane and alert
and dynamic tra ¢ management system drivers to its availability through digital

uses cameras and other technology to help signs along the roadway.
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Project Information

REPORT NAME: Evaluation of Dynamic
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Dynamic signs along
Michigan’s freeway ramps
Improve driver behavior

Like other transportation agencies in the United States, the Michigan
Department of Transportation (MDOT) devotes signi cant resources
toward reducing lane departure crashes, which account for nearly half of
alltra c fatalities nationwide. Freeway exit and entrance ramps, which
often require drivers to slow down signi cantly to navigate a horizontal
curve, are common crash sites. To lower the risk, MDOT installed and
tested dynamic speed feedback signs at six critical sites and evaluated
their e ectiveness on driver behavior. With promising results in hand,
MDOT developed guidance for implementing these life-saving devices
statewide.

PROBLEM

Crashes that occur when
a vehicle crosses over the
center or edge line of the
roadway are frequently
severe and often fatal.
These crashes, which

can resultin head-on
collisions or leaving

the road altogether,
comprise slightly less
than half of all

tra c-related deathsin
Michigan — and national

Dynamic signs can be an effective speed-reduction strategy for vehicles
leaving the freeway.

Dynamic speed feedback signs, which

studies report similar statistics. The risk of use radar to measure passing vehicles’

these lane departure crashes is even higher  real-time speeds and issue targeted warning
where horizontal curves are present, such messages to drivers, 0 er apromising

as freeway interchange ramps, which also solution to help alter their behavior and
demand drivers reduce their travel speeds reduce crashes. While the devices are often

signi cantly to navigate the road. used successfully in Michigan to remind


mailto:UzcateguiA@Michigan.gov

“In keeping with MDOT’s
commitment to safety and
the Toward Zero Deaths
initiative, this project
provides a promising
Strategy for reducing tra ¢
crashes and fatalities across
the state.”

Alonso Uzcategui, P.E.
Project Manager

drivers to slow down in school zones and
near roadway work zones, MDOT hasn't
used them frequently at freeway entrances
and exits. To learn whether the signs could
work e ectively to reduce speeds at these
locations as well, MDOT engaged a team of
researchers to conduct a series of tests and
provide recommendations.

RESEARCH

The researchers began by reviewing
published policies and technical guidance
regarding the use of dynamic speed feed-
back signs and surveying other state DOTs
about their experiences with the devices.
These resources provided support in favor of
using the signs as a speed countermeasure
and o ered valuable suggestions for
maximizing the signs’ e ectiveness. Only

a few DOTs indicated they had used the
devices at freeway exit ramps, signifying the
innovation in this line of research.

The team applied lessons learned from
around the country to eld evaluations in
Michigan, selecting several commercially
available signs and installing them at six
freeway interchange ramps in the state.
Testing a variety of variables and con gura-
tions, the researchers assessed the di erent
signs’ physical characteristics, detection
capabilities, placement along the ramp, and
e ectiveness atin uencing driver speeds
and behavior.

RESULTS

The eld evaluations consistently showed
the dynamic speed feedback signs success-
fully lowered speeds as vehicles approached
and entered the curves at freeway exit
ramps. With data collected from the test
sites, researchers identi ed a variety of
optimization strategies that resulted in
average speeds that were up to 4 mph lower
than when the signs were not present.

To help MDOT'stra cengineers
replicate the signs’ success statewide, the
researchers developed a series of best
practices for designing, operating and
installing e ective dynamic speed feedback
signs at freeway interchanges.

Site selection — Prime locations include
exit ramps that have experienced frequent
lane departure crashes in the past, where
the average vehicle enters the ramp at least
10 mph faster than the posted speed limit
and at sites that have su cient space and
visibility to accommodate a sign safely.

Messaging strategies — Signs should
display a vehicle’s actual speed when a
driver is traveling no more than 10 mph over
the posted limit. For vehicles exceeding the
limit by 10 mph or more, the speed number
should alternate with a “SLOW DOWN”
message.

Design characteristics — To increase
visibility, signs should include re ective
elements and be large enough to display
amber letters and numbers that are at least
15 inches high.

Installation guidance - Signs should
be placed on the right-hand side and within
250 feet of the start of the ramp’s curve.

The radar that detects approaching vehicles
should be placed at least 250 feet ahead of
the curve to give drivers ample time to slow
down.

IMPLEMENTATION

With substantial data con rming that speed
feedback signs work to improve driver
behavior, as well as guidance for expanded
use across the state, MDOT is better
positioned to reduce the number oftra ¢

deaths in Michigan. As the agency continues
to collect additional data in the coming
years, the signs’ impact on the frequency
and severity of crashes will become clearer.
Future data will also help MDOT determine
whether the signs’ behavior-improving

e ects change over time as drivers become
more accustomed to seeing them and
provide additional guidance on how best to
deploy this technology.
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