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Illinois (5)

Project Information

High Value Research Title

Project Number
Project Cost
Project Duration
Web link

Evaluation of Flashing Yellow Arrows (FYA) for Protected/Permissive
Left Turn (PPLT) control

ICT-R27-097

$399,154

64 months
https://apps.ict.illinois.edu/projects/getfile.asp?id=4814

Submitter

Submitter Agency

Submitter (Name, Address,
Phone, Email)

Illinois Department of Transportation

Illinois Department of Transportation Megan Swanson, Research
Coordinator Bureau of Physical Research 126 East Ash Street
Springfield IL 62704 217-782-3547 Megan.Swanson@illinois.gov

Research Program

Sponsoring Agency Name

Sponsoring Agency Contact
(Name, Address, Phone,
Email)

Illinois Department of Transportation

2300 S. Dirksen Parkway Springfield IL USA 62764

Research and Results

Brief Summary of the
Research Project and
Impact, or Potential Impact,
of Implementing Research
Results

In the spring of 2010, the Illinois Department of Transportation initiated
an area wide implementation of the flashing yellow arrow (FYA) as the
display for the left-turn permissive interval at more than 100
intersections operating with protected/permissive left-turn (PPLT)
control in the Peoria, Illinois, area (See Figure 1 Vertical FYA Signal
Head). Researchers evaluated the effectiveness of FY As on safety at 86
intersections and 164 approaches where no other improvements were
made. The effectiveness evaluation was performed using three years of
“before FYA installation” crash data and three years of “after FYA
installation” crash data using the naive before and after and empirical
Bayes methods for highway safety evaluation.

Analyses were also performed to assess the effects of the FYA
supplemental signs and to assess the effects of the FYA overall on two
subsets of drivers: older drivers (age 65+) and younger drivers (age 16 to
21 years). Crash modification factors for statistically significant crash
reductions at the FY A approaches based on the empirical Bayes method
were provided. The findings of this research, conducted on 164 FYA
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approaches in the Peoria area, indicate that FYAs for PPLT control
greatly improve safety for left-turning vehicles.

During this project, IDOT held the 2012 National State Safety Engineers
and Traffic Engineers Peer-to-Peer Workshop, with 31 states attending.
Representatives from the Federal Highway Administration (FHWA),
American Traffic Safety Services Association (ATTSA) and American
Association of State Highway and Transportation Officials (AASHTO)
also participated. At this peer exchange attendees from both IDOT and
Oregon DOT presented on FYA, helping to advance the FYA initiative
and research project.

The researchers analyzed the costs using the Highway Safety Manual
stated costs of various types of crashes and average construction prices
to install the signal heads. The equivalent uniform annual benefit of the
decreased crashes was found to be approximately $1,630,000 at the 86
intersections studied. The equivalent uniform annual cost of the
implementation of the signal heads was approximately $82,500. The
results of the economic effectiveness of the FYAs yielded a benefit to
cost ratio of 19.8 to 1.0. The results of this research may be used to make
informed decisions on future installations of the FY A countermeasure to
improve safety at signalized intersections.

The research also demonstrated that at the intersections studied the
number of left-hand turn related crashes was reduced by as much as 24%
when just the left-turn signal arrow was installed and as much as 31%
when additional supplemental signage was installed with the left-turn
signal arrow (See Figure 2).

Based on the findings of the research, IDOT has implemented a Bureau
of Design and Environment (BDE) specification from the anticipated
Crash Modification Factors developed from the research. In addition,
BDE is looking to incorporate FY As into IDOT’s design and traffic
operations policies.

Priscilla Tobias, Director of IDOT’s Office of Program Development,
stated “In my discussions with community members and the Illinois
State Police, both have communicated that the like the Flashing Yellow
Arrows because they allow traffic to move more quickly and with fewer
crashes.” She continues, “Flashing Yellow Arrows have been
implemented in IDOT Districts Four and Six, and other Districts are
planning to follow suit.”

Project Information
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High Value Research Title  Performance Evaluation of Snow and Ice Plows

Project Number ICT-R27-094

Project Cost $338,709

Project Duration 50 months

Web link https://apps.ict.illinois.edu/projects/getfile.asp?id=3692
Submitter Agency Illinois Department of Transportation

Illinois Department of Transportation Megan Swanson, Research
Coordinator Bureau of Physical Research 126 East Ash Street
Springfield IL 62704 217-782-3547 Megan.Swanson@illinois.gov

Submitter (Name, Address,
Phone, Email)

Research Program

No data entered for this section

Research and Results

Removal of ice and snow from road surfaces is a critical task in the
northern tier of the United States, including Illinois. Highways with high
levels of traffic are expected to be cleared of snow and ice quickly after
each snow storm. This is necessary for maintaining the safety of the
public and the efficiency of the highway system. In 2011, the Illinois
Department of Transportation (IDOT) initiated a research project to
conduct a comprehensive study to evaluate the performance of snow and
ice plows. The project targeted several plow performance indicators
including blade type, scraping forces, and shock acceleration, among
other suggested parameters.

Brief Summary of the The project involved a literature review, a synthesis of best practices in
Research Project and snow and ice plowing operations, development of a plow and blade
Impact, or Potential Impact, performance evaluation procedure, instrumentation of a snow plow and
of Implementing Research  associated field tests, development of finite element models to synthesize
Results a comprehensive

performance database, and documentation of project results.

In this project, the research team achieved the following:

1. Existing information in literature pertaining to best practices in snow
and ice control was collected and presented.

2. A survey of best practices in snow and ice control was administered to
a number of snow and ice control professionals from around the country.
The interviews generated a number of recommendations with respect to
effective snow and ice control. The summary of results was shared by
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IDOT personnel during outreach trainings with local agencies
throughout the state.

3. A plow instrumentation plan and a data collection strategy were
developed and implemented. The instrumentation plan included the use
of strain gauges and GPS enabled video cameras to capture snow and ice
plowing activities in their totalities. The data collection took place during
actual snow storms under different weather conditions and patterns
allowing for an adequate variability in considered parameters.

4. The data collection effort included the use of a video camera to
capture the interaction between the plow and the pavement during a dry
run to study the effect of stresses and wear comparing different blades on
concrete and asphalt pavements. (See Figure 36 Carbide insert blade on
asphalt pavement & Figure 37 Carbide insert blade on concrete
pavement).

5. The research team developed a finite element model of an Alaska
front plow and an underbody scraper. The models were used to simulate
plow behavior and estimate the loads acting on it by matching measured-
to-computed stresses (See attached Fig 38 3D Front Plow Model).

Tim Peters, the research project chair and IDOT’s Local Policy and
Technology Engineer stated “The study was useful in developing snow
and ice training | presented to local agencies throughout the state. Local
agencies often were not familiar with the different types of plow blades
that are available and the advantages they offer. In addition, this study
collected and summarized best practices in snow and ice operations in
general. The information on best practices and blades from this report
was a major source of information for the training I provided.”

The findings of the report were shared with all thirty-two states
participating in the Clear Roads Transportation Pooled Funds. Rick
Nelson, Director of AASHTO’s Snow and Ice Cooperative Pooled Fund
(SICOP) also featured the report on their website (see attached email) in
order to share IDOT’s results with the entire country.

Project Information

High Value Research Title

Project Number
Project Cost
Project Duration

Evaluation of Aggregate Subgrade Materials Used as Pavement
Subgrade/ Granular Subbase

ICT-R27-124
$486,617
35 months
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Web link https://apps.ict.illinois.edu/projects/getfile.asp?id=3517

Submitter

Submitter Agency Illinois Department of Transportation

Illinois Department of Transportation Megan Swanson, Research
Coordinator Bureau of Physical Research 126 East Ash Street
Springfield IL 62704 217-782-3547 Megan.Swanson@illinois.gov

Research Program

No data entered for this section

Research and Results

With recent focus on sustainable construction practices and the ever-
increasing transportation costs and scarcity of natural resources,
integration of large-size and marginally acceptable aggregates and
recycled materials (e.g., reclaimed asphalt pavement [RAP]) with current
construction specifications is becoming imperative. The Illinois
Department of Transportation has been using large-size rocks, popularly
known as aggregate subgrade, to stabilize unsuitable soils as a
construction practice for several years. However, adequate scientific
knowledge about material performance is largely unknown. To this end,
a research study was conducted to evaluate the adequacy and field
performances of IDOT’s new aggregate subgrade specifications.

Submitter (Name, Address,
Phone, Email)

A state-of-the-art image analysis technique was used to characterize the
size and shape as well as the texture and angularity properties of selected
aggregate subgrade materials (See Attached Figure 1 Excavated Trench
and Imaging). For a field evaluation, 24 combinations of pavements
were constructed over subgrade with controlled low immediate bearing
value (IBV) or unsoaked California bearing ratio (CBR) strength
properties. Construction quality control was achieved through in-place
density and modulus measurements on aggregate layers using a nuclear
gauge, lightweight deflectometer, and soil stiffness gauges. Periodic rut
measurements were carried out on the pavement surface throughout the
accelerated loading process using an Accelerated Transportation Loading
Assembly (ATLAS). Contributions of the underlying pavement layers to
the total rut accumulation were evaluated through innovative
applications of ground-penetrating radar, a lightweight variable-energy
penetrometer device, known

as the PANDA, and a geo-endoscopy probe. Layer intermixing and
material migration at the aggregate subgrade interface improved the
foundation layer stiffness properties and pavement performance results
significantly.

Brief Summary of the
Research Project and
Impact, or Potential Impact,
of Implementing Research
Results
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RAP-capped construction platforms consistently exhibited a higher
magnitude of rutting. Performances of flexible pavement sections were
governed by the as-constructed HMA thicknesses, which varied
considerably during the paver operation because of RAP subbase sinkage
and the weak subgrade. Adequate validation and potential revisions to
current IDOT specifications were recommended.

Project Information

Testing Protocols to Ensure Performance of High Asphalt Binder

High Value Research Title  pepjacement Mixes Using RAP & RAS

Project Number ICT-R27-128

Project Cost $780,000

Project Duration 35 months

Web link https://apps.ict.illinois.edu/projects/getfile.asp?id=3713
Submitter Agency Illinois Department of Transportation

Illinois Department of Transportation Megan Swanson, Research
Coordinator Bureau of Physical Research 126 East Ash Street
Springfield IL 62704 217-782-3547 Megan.Swanson@illinois.gov

Research Program

No data entered for this section

Research and Results

The use of reclaimed asphalt pavement (RAP) and recycled asphalt
shingles (RAS) in Hot Mix Asphalt (HMA) mixtures can reduce demand
for virgin aggregates and asphalt binder, bringing environmental and
economic benefits. However, replacing virgin asphalt binder in HMA
mixtures poses challenges in terms of low-temperature cracking, fatigue
Brief Summary of the cracking, and other deterioration related to long-term aging. To counter
Research Project and these effects, softer virgin asphalt binder grades or modifying agents are
Impact, or Potential Impact, used to improve production consistency. The purpose of this study was
of Implementing Research  to develop and evaluate protocols, procedures, and specifications for
Results testing engineering properties and performance of HMA mixtures with
high amounts (up to 60%) of RAP and RAS.

Submitter (Name, Address,
Phone, Email)

A practical test method, the Illinois modified semi-circular bending test
(IL-SCB), was developed that can be readily implemented to quantify
HMA mixture’s cracking potential (See Attached Figure 4.5). In
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addition, a flexibility index (FI) was introduced to determine cracking
resistance in a consistent way. The IL-SCB test and the FI showed
consistent and repeatable trends for changes in HMA mix design
properties. The developed FI was shown to provide greater separation
between HMA mixes to capture some of the changes that could not be
identified by fracture energy alone.

This approach does not enforce any limits on HMA mixture design
characteristics, such as RAP and RAS content, or other alternative
materials or technologies. Instead, it categorizes HMA mixes based on
their performance index. Hence, this approach encourages innovation
and sustainability at the same time.

Eleven (11) pilot projects for experimental features in 2016 are slated
pending funding. IDOT also requested solicitations for municipal and
county highway projects to participate. IDOT has created and
implemented a special provision specification regarding the use of RAP
and RAS content for select pilot projects throughout the State of Illinois
which includes IDOT’s testing of the mix design using I-FIT. IDOT has
installed I-FIT testing machines in three of nine district offices to test the
mix designs with RAP and RAS for the selected projects. All Districts,
and the Central Bureau of Materials, will have an I-FIT testing machine
once fiscal year budgets are appropriated.

The outcome of this study was documented as a draft test method
specification to enable characterization of an HMA material’s potential
for overall damage caused by the mixture’s increasing brittleness. An
AASHTO provisional test specification TP-124 was submitted by IDOT
and approved by the AASHTO committee for publication in March of
2016. This information will be posted by AASHTO in May of 2016.

IDOT believes that the I-FIT test incorporates reliable, repeatable testing
results to evaluate recycled asphalt binders of varying mix designs along
with providing durable pavements while achieving long-term lower life-
cycle costs. It is emphasized that the new testing protocol does not
enforce any limits on RAP or RAS content and encourages innovation
and sustainability of future mix designs.

Technical Review Panel Chair Matt Mueller, who retired as the IDOT
Engineer of Materials in December 2015, states, “It had become clear
that volumetric design, while very important in successful pavement
performance, was not a guarantee of performance. Pavements were
prematurely falling apart. The research team overcame existing test
limitations, expanded our knowledge about the problem, and developed a
validated test method that has garnered national and international
interest.”
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Project Information

Development of Public Right of Way Accessibility Guideline

High Value Research Title (PROWAG) Resource Material

Project Number ICT-R27-136

Project Cost $216,665

Project Duration 25 months

Web link https://apps.ict.illinois.edu/projects/getfile.asp?id=4741
Submitter Agency Illinois Department of Transportation

Illinois Department of Transportation Megan Swanson, Research
Coordinator Bureau of Physical Research 126 East Ash Street
Springfield IL 62704 217-782-3547 Megan.Swanson@illinois.gov

Submitter (Name, Address,
Phone, Email)

Research Program

No data entered for this section

Research and Results

Public agencies are required by state and federal laws to provide
accessibility on their right-of-way (ROW). Failure of public agencies to
provide accessibility on their ROW has resulted in costly settlements.
Accordingly, the Illinois Department of Transportation (IDOT) needs to
provide information for local public agencies, consultants, contractors,
and IDOT personnel about current accessibility requirements and ways
to improve accessibility and avoid costly penalties resulting from non-
compliance.

Brief Summary of the

Research Project and This report presents the findings of a research project that meet the latest

Impact, or Potential Impact, accessibility requirements. The objectives of this project were the

of Implementing Research  following:

Results
1. Conduct a comprehensive literature review to gather and analyze the
most current resource materials on public ROW accessibility
requirements.

2. Recommend content for public ROW accessibility requirements on an
IDOT website.

3. Develop a comprehensive and practical field guide for IDOT that can
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be used by field engineers and construction inspectors to verify
compliance with all applicable accessibility laws and regulations in the
State of Illinois.

4. Create e-learning modules on accessibility requirements for IDOT
classroom training, and

5. Develop recommendations that provide guidance to IDOT on
improving compliance with public ROW accessibility requirements.

The findings and results of this research project developed
comprehensive federal and state accessibility design guidelines for
designers and construction personnel. The manual is available for public
use (see attached web link and attached Figure 51 Excerpt from Field
Guide). In addition, IDOT has implemented an e-learning module (see
attached web link) and has conducted in-house training presentations on
the design/field guide throughout the districts in Illinois. Carrie Nelsen,
an IDOT southern district Program Development Engineer stated
“...nice job on the field guide. Our designers and construction field
personnel are really finding it helpful.” In addition, comments from
participants in the e-learning module included “...All instructors were
very thorough in their explanations, while keeping the subject matter
interesting for everyone. A lot of new information given that | previously
did not have knowledge of.”

As defined in the summary statement — public agencies are required to
design and construct accessible routes in public rights-of-way. Failure to
provide accessibility can result in costly legal battles, court ordered
judgments or both. The U.S. Courts have approved many structured
settlements stemming from non-compliant accessibility routes. Five
recent court cases (Table 6 Attached) shows the financial impact of such
structured settlements. In 2007, the City of Chicago entered into a court
approved settlement agreement for $50 Million over seven years in
remediation projects for accessibility compliance. They have also
committed an additional $18 Million over that same period. On a
national level, in 2010 the California Department of Transportation
entered into a structured settlement agreement where California is
obligated to spend $1.1 Billion dollars over 30 years on repair and
construction projects of accessible routes.

The development of the training courses and outreach to local
governments will greatly reduce the future risk and exposure to lawsuits,
claims and remediation construction costs of accessible routes in the
future by proactively designing and constructing compliant routes. The
economic and societal benefits to the taxpayers and citizens of Illinois
are almost incalculable, as we anticipate a decrease in court judgments
and associated construction costs by prevention of non-compliance in
current and future projects. In addition to ensuring that these routes are
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constructed in compliance with the law, the society benefits as a whole
by ensuring safe routes for people with disabilities.

Indiana (11)

High Value Research Title | Active Corridor Management

Project Number SPR-3615

Project Cost $500,000

Project Duration 47 months
http://dx.doi.org/10.5703/1288284315333

Web link http://dx.doi.org/10.5703/1288284316063

http://docs.lib.purdue.edu/atspmw/

Submitter

Submitter Agency Indiana Department of Transportation

Tommy E. Nantung Indiana Department of Transportation Division of
Submitter (Name, Address, Research and Development P.O. Box 2279 1205 Montgomery Street
Phone, Email) West Lafayette, IN 47906 Phone: (765) 463-1521 ext. 248 e-mail:
tnantung@indot.in.gov

Research Program

Indiana Department of Transportation and Joint Transportation Research
Program - Purdue University

Sponsoring Agency Contact Joint Transportation Research Program Delon and Elizabeth Hampton
(Name, Address, Phone, Hall of Civil Engineering 550 Stadium Mall Drive West Lafayette, IN
Email) 47907-2016 Phone: (765) 494-6508 Email: JTRP@purdue.edu

Research and Results

Signalized arterial represent a substantial component of the highway
transportation network in the United States. The National Transportation
Operations Coalition (NTOC) in their 2007 Traffic Signal Report Card
Brief Summary of the noted that nationally 5 to 10 percent of all traffic delay is caused by
Research Project and improper traffic signal timings along major roadways. In 2007, the
Impact, or Potential Impact, National Report Card for overall traffic signal systems operations was a
of Implementing Research  D. The situation is not expected to improve as travel demand is forecast
Results to grow significantly faster than network capacity. The increase in
national attention on sustainable and livable communities necessitate a
concentrated effort be placed upon improved management and operation
of our nations traffic signal system inventory. With the assistance of

Sponsoring Agency Name
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Utah DOT, several state and local agencies have deployed real-time web
sites implementing these performance measures :

* http://udottraffic.utah.gov/signalperformancemetrics/

* http://challenger.nvfast.org/spm/

* http://spm.seminolecountyfl.gov/signalperformancemetrics/

As a result of these strong engagement and implementation efforts, the
number of industry vendors embracing the Purdue traffic signal
performance measures has grown from the initial three partners to five
leading US manufacturers of traffic control equipment. This initiative
has published two widely distributed monographs.

To further accelerate the dissemination of this research, an Automated
Traffic Signal Performance Measures Workshop was held in Salt Lake
City, Utah, on January 26-27, 2016, that attracted 169 attendants from 85
organizations representing 28 states, the District of Columbia, and
Ontario, Canada. There was strong consensus from participants that use
of automated traffic signal performance measures developed through
SPR and Pooled Fund Study has changed the management of traffic
signal programs. Decision making is now based on real-time feedback on
how systems are actually operating and no longer relies on public
feedback, isolated traffic counts or traffic models. This research and its
broad implementation has resulted in Traffic Signal Performance
Measures being nominated as a Federal Highways Every Day Counts
Initiative, which will facilitate even broader implementation nationwide.

Project Information

High Value Research Title
Project Number

Project Cost

Project Duration

Web link

Increasing Bridge Deck Service Life
SPR-3422

$315,399

45 months

http://dx.doi.org/10.5703/1288284315516
http://dx.doi.org/10.5703/1288284315517

Submitter
Submitter Agency

Submitter (Name, Address,
Phone, Email)

Indiana Department of Transportation

Tommy E. Nantung Indiana Department of Transportation Division of
Research and Development P.O. Box 2279 1205 Montgomery Street
West Lafayette, IN 47906 Phone: (765) 463-1521 ext. 248 e-mail:
tnantung@indot.in.gov

Research Program

Sponsoring Agency Name

Indiana Department of Transportation and Joint Transportation Research
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Sponsoring Agency Contact
(Name, Address, Phone,
Email)

Program - Purdue University

Joint Transportation Research Program Delon and Elizabeth Hampton
Hall of Civil Engineering 550 Stadium Mall Drive West Lafayette, IN
47907-2016 Phone: (765) 494-6508 Email: JTRP@purdue.edu

Research and Results

Brief Summary of the
Research Project and
Impact, or Potential Impact,
of Implementing Research
Results

This research program examined the efficacy of using alternative
reinforcing materials in a bridge deck from both technical and economic
perspectives. For the technical evaluation, a three phase experimental
investigation was conducted considering a wide range of corrosion-
resistant reinforcing materials. These materials included stainless steels,
microcomposite steel, and coated steels considering a variety of metallic
and nonmetallic coatings. The first phase evaluated the bond between
corrosion-resistant reinforcement and concrete using lap splice tests. The
second phase evaluated the cracking behavior of slabs reinforced with
corrosion-resistant reinforcement. Finally, the third phase evaluated
corrosion resistance under uncracked and cracked conditions using
macrocell test specimens. Transverse steel was also tied to the
longitudinal steel to simulate actual bridge deck conditions.
Recommendations are provided on development and splice lengths for
conventional black and corrosion-resistant reinforcing steel, control of
cracks widths, as well as the selection, design, and construction of
corrosion-resistant reinforcement. For the economic evaluation, a
decision support methodology and associated spreadsheet tool for robust
analysis of the cost-effectiveness of alternative material types for bridge
deck reinforcement was developed. The two evaluation criteria are
agency and user costs, and the input data that influence these criteria
include the deck service life, material process, discount rate, detour
length, and bridge size. The methodology incorporates analytical
techniques that include life cycle analyses to evaluate the long-term cost
and benefits of each material over the bridge life; Monte Carlo
simulation to account for the probabilistic nature of the input variables;
stochastic dominance to ascertain the probability distribution of the
outcome that a specific reinforcement material is superior to others; and
analytical hierarchical process to establish appropriate weights for the
agency and user costs. Through this study, it is demonstrated that the use
of corrosion-resistant reinforcing materials can significantly increase
bridge deck life, reduce agency and user costs associated with bridge
deck rehabilitation and maintenance, and lower the financial needs for
long-term preservation of bridges. The life cycle tools that have been
developed will be incorporated into INDOT guides for project scoping
decisions to provide guidance regarding when alternative reinforcing
steel types should be considered. The tools will be implemented by the
INDOT engineers and consultants.
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Project Information

Optimizing Laboratory Mixture Design as it Relates to Field Compaction

High Value Research Title in order to Improve Hot-Mix Asphalt Durability

Project Number SPR-3624

Project Cost $204,114

Project Duration 48 months

Web link

Submitter Agency Indiana Department of Transportation

Tommy E. Nantung Indiana Department of Transportation Division of
Submitter (Name, Address, Research and Development P.O. Box 2279 1205 Montgomery Street
Phone, Email) West Lafayette, IN 47906 Phone: (765) 463-1521 ext. 248 e-mail:
tnantung@indot.in.gov

Research Program

Indiana Department of Transportation and Joint Transportation Research
Program - Purdue University

Sponsoring Agency Contact Joint Transportation Research Program Delon and Elizabeth Hampton
(Name, Address, Phone, Hall of Civil Engineering 550 Stadium Mall Drive West Lafayette, IN
Email) 47907-2016 Phone: (765) 494-6508 Email: JTRP@purdue.edu

Research and Results

The Indiana Department of Transportation currently uses the Superpave
mixture design method to design asphalt mixtures. The method specifies
optimum asphalt content for a given mixture gradation is selected at 4
percent air voids. During construction, mixtures so designed are typically
compacted to 92-93 percent of maximum density, leaving them
permeable to air, thus increasing the likelihood of binder oxidation that
leads to cracking and a pavement life reduction. Designing asphalt

Brief Summary of the mixtures that are more easily compacted will produce increased field

Research Project and densities, less binder oxidation and pavement cracking, and result in

Impact, or Potential Impact, better pavement durability. This research seeks to optimize the

of Implementing Research  relationship between laboratory and field compaction in order to increase

Results in-place asphalt mixture density, and thereby improve pavement
durability significantly.
Three asphalt mixtures were designed using the standard Superpave
design method and 100 gyrations of the Superpave Gyratory Compactor,
suitable for traffic levels of 3 to 30 million Equivalent Single Axle
Loads. Each mixture was then used as a starting point to design three
additional mixtures using 30, 50, and 70 gyrations, with optimum binder
content chosen at 5 percent air voids, rather than the currently specified 4
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percent. The effective asphalt content was held constant for the original
and re-designed mixtures. Mechanical properties of the four mixture sets
were determined and results indicate that asphalt mixtures designed
using 30, 50, and 70 gyrations have mechanical properties equal to, or
better than the original 100-gyration mixtures.

Based on the laboratory results, implementation of the research results
were applied in two field trial projects to evaluate the modified design
method, ease of construction, and to compare the construction results of
the re-designed and original mixtures. Samples from both projects were
collected during construction, test specimens compacted, and additional
physical testing completed. Results show that it is possible to design and
place asphalt mixtures at 5 percent air voids and that they should have
equivalent performance to those designed with the conventional
Superpave mixture design method.

Designing asphalt mixtures to allow for increasing their average in-place
density to 95 percent will significantly decrease pavement cracking and
increase pavement durability. The estimated pavement life increase is
anticipated to be two to three years, representing a 12 to 20 percent
increase in pavement life.

Project Information

Performance Assessment Measure that Indicates Geometry Sufficiency

High Value Research Title of State Highways

Project Number SPR-3640

Project Cost $150,000

Project Duration 35 months

Web link http://dx.doi.org/10.5703/1288284315528

Submitter
Submitter Agency Indiana Department of Transportation

Tommy E. Nantung Indiana Department of Transportation Division of
Submitter (Name, Address, Research and Development P.O. Box 2279 1205 Montgomery Street
Phone, Email) West Lafayette, IN 47906 Phone: (765) 463-1521 ext. 248 e-mail:
tnantung@indot.in.gov

Research Program

Indiana Department of Transportation and Joint Transportation Research
Program - Purdue University

Sponsoring Agency Contact Joint Transportation Research Program Delon and Elizabeth Hampton
(Name, Address, Phone, Hall of Civil Engineering 550 Stadium Mall Drive West Lafayette, IN
Email) 47907-2016 Phone: (765) 494-6508 Email: JTRP@purdue.edu
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http://dx.doi.org/10.5703/1288284315528

Research and Results

Brief Summary of the
Research Project and
Impact, or Potential Impact,
of Implementing Research
Results

The study replaced the point-based project scoring method used in
Indiana asset management with a more accurate method that estimates
the safety (reduced crashes) and mobility (increased speed) benefits of
improving road cross-sectional and alignment elements. A tool has been
developed to facilitate a two-step scoring process: (1) Screening the
Indiana road network for segments that have the highest needs for
geometry improvement, (2) Scoring projects developed for the roads
selected in the first step. The developed method applies safety
performance functions, crash modification factors, average speed
equations, and speed adjustments. The proposed evaluation methodology
is for improvements carried out on state-administered rural two-lane,
rural multi-lane, urban two-lane, and urban multi-lane roads.

The new method was designed for available data available in Indiana and
is ready for implementation. The Excel-based application allows the user
entering data on different road segments in the scope of a project. The
output from the spreadsheet application includes the safety benefit and
mobility benefit corresponding to every segment and the project benefit-
cost ratio. The project documentation includes a user manual to support
the method application.

Another important component of the research was to check if the current
information technology allows extracting road data elements from
existing high-resolution maps and ortho-images in a practical manner to
better support the asset management. Based on the estimated paved
surface centerline and width, we were able to generate cross section lines
and calculate the slopes along these lines.

This research result gives Indiana an efficient method to improve
decisions on such matters, toward highest/best use of available funding
relative to the core mission to deliver superior transportation service —
both mobility and safety. INDOT considers each engineering decision to
be equally an economic one. Recognizing that, INDOT’s goal is to have
or add business processes that effect continuous advancement in our
ability to produce more output (transportation service) for the same level
of investment. The relatively straightforward, Excel-based tool that came
out of the research project is a historic step forward in INDOT’s ability
to meet the goals, specifically to collectively gauge the cost-
effectiveness of a geometric treatment relative to improvements in
mobility and safety, in much more than qualitatively measures. It allows
the agency for the first time to explore those investment vs. payoff
scenarios in site-specific cases rolled up to network or systems level, in a
deliberate, systematic manner, an efficient way to judge or score one
option against another, in other words, in a manner closer to ideal asset
management
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Project Information

Indiana State Highway Cost Allocation and Revenue Attribution
High Value Research Title  Study/Estimation of Travel by Out-of-State Vehicles on Indiana

Highways
Project Number SPR-3704
Project Cost $375,000
Project Duration 26 months
Web link
Submitter Agency Indiana Department of Transportation

Tommy E. Nantung Indiana Department of Transportation Division of
Submitter (Name, Address, Research and Development P.O. Box 2279 1205 Montgomery Street
Phone, Email) West Lafayette, IN 47906 Phone: (765) 463-1521 ext. 248 e-mail:
tnantung@indot.in.gov

Research Program

Indiana Department of Transportation and Joint Transportation Research
Program - Purdue University

Sponsoring Agency Contact Joint Transportation Research Program Delon and Elizabeth Hampton
(Name, Address, Phone, Hall of Civil Engineering 550 Stadium Mall Drive West Lafayette, IN
Email) 47907-2016 Phone: (765) 494-6508 Email: JTRP@purdue.edu

Research and Results

This study investigated the cost responsibilities and revenue
contributions of highway users with regard to state and local highway
infrastructure upkeep in Indiana. The costs consisted of expenditures on
construction, maintenance, and operations related to pavements, bridges,
safety assets, and mobility assets. The study framework duly accounted
for the dichotomy between costs that are common across vehicle classes,
and costs that vary by vehicle class load or size contributions. The
framework also included a statistical sampling methodology and field
studies to determine the fuel purchases and travel by out-of-state
vehicles as a percentage of the total fuel purchases and travel on
Indiana’s highways.

The study results indicated that the user and non-user revenue sources
contributed 64% and 36% respectively of total revenue for highway
upkeep. For each vehicle class, the share of revenue contribution was
compared to the share of cost responsibility, to determine their respective
equity ratios. Vehicle classes 14 are found to be overpaying their cost
responsibilities while classes 5-13 are underpaying: specifically, class 2
Is overpaying its cost responsibility by 8% while class 9 is underpaying
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by 16%.

Also, the splits of travel by out-of-state vehicles on Indiana’s interstates,
NHS non-interstates, non-NHS and local roads were determined as 21%,
10%, 9%, and 7% respectively, as a percentage of the total travel (VMT)
on these highway systems.

The research results can be used to update the existing fee structures in a
manner that improves the current inequities that exist in the state’s
highway funding mechanism. Also, at the current time that states are
mulling VMT fee implementation, the study results will provide a
quantitative basis for making policy related to this initiative by the state
policy makers, estimating the potential total revenue therefrom, and
measuring the sensitivity of such revenue to out-of-state splits.

Project Information
High Value Research Title  Relating Design Storm Events to Ordinary High Water Marks in Indiana

Project Number SPR-3716

Project Cost $125,000

Project Duration 31 months

Web link

Submitter Agency Indiana Department of Transportation

Tommy E. Nantung Indiana Department of Transportation Division of
Submitter (Name, Address, Research and Development P.O. Box 2279 1205 Montgomery Street
Phone, Email) West Lafayette, IN 47906 Phone: (765) 463-1521 ext. 248 e-mail:
tnantung@indot.in.gov

Research Program

Indiana Department of Transportation and Joint Transportation Research
Program - Purdue University

Sponsoring Agency Contact Joint Transportation Research Program Delon and Elizabeth Hampton
(Name, Address, Phone, Hall of Civil Engineering 550 Stadium Mall Drive West Lafayette, IN

Sponsoring Agency Name

Email) 47907-2016 Phone: (765) 494-6508 Email: JTRP@purdue.edu
Research and Results

Brief Summary of the This study provided a reliable way to estimate ordinary high water mark
Research Project and (OHWM), an essential variable used for hydraulic design and

Impact, or Potential Impact, environmental permitting. This study used hydrologic and hydraulic
of Implementing Research  modeling for 26 sites in Indiana and related OHWM to storm return
Results periods by analyzing hydraulic and hydrologic parameters corresponding
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to different design streamflow events. The study concluded that OHWM
depend on a variety of hydraulic and hydrologic parameters which
include drainage area, 2-year discharge, watershed slope and flood
frequency estimates. The results showed that OHWM corresponds to
discharges that have return periods ranging from 0.7-1.1 years. The
results also suggested that that OHWM discharge is smaller than bank-
full discharge, which typically has a return period of 1.5-2 years. The
OHWM discharges were then related to 100-year discharges to enable
the use of this relationship in approximately estimating the OHWM
discharge when the 100-year discharge is known. For Indiana, it was
found that ratio of OHWM discharge and 100-year discharge had an
average value of 4.99% for the northern part, 3.60% for the central part,
and 5.49% for the southern part.

The findings and recommendations from this study are expected to be
incorporated in the next update of the Indiana Design Manual. The
revised policies will be used by the hydraulics division at INDOT for
design projects and Federal Aid local projects. One of the primary
applications of this study was to provide assistance in sizing bridge-
waterway openings that rely heavily upon the estimation of OHWM. The
existing INDOT channel clearing policy depends on estimation of
OHWM based on 2-year discharge values and the results in this study
suggest that a modification in the existing policy is required. The
regional OHWM ratios based on 100-year discharges developed in this
study will be used to estimate OHWM discharges in existing hydraulic
models. Based on previous projects, lowering the OHWM elevation by
one foot reduces the bridge size by 650 square feet. Assuming an
average bridge construction cost of $120/sq ft, this has the potential to
reduce structure costs by $78,000. The cost savings will be greater for
structures with higher profile grades, since the length of the structure is
also affected by the rise of the structure. In addition to construction cost
savings, an accurate estimation of OHWM can help reduce future
maintenance costs by avoiding channel meandering, scouring and bridge
or abutment repair.

Project Information

High Value Research Title

Project Number
Project Cost
Project Duration
Web link

Evaluation of Alternative Intersections and Interchanges — Roundabouts
on High-speed Roads

SPR-3830a
$235,000
28 months

Submitter
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Submitter Agency

Submitter (Name, Address,
Phone, Email)

Indiana Department of Transportation

Tommy E. Nantung Indiana Department of Transportation Division of
Research and Development P.O. Box 2279 1205 Montgomery Street
West Lafayette, IN 47906 Phone: (765) 463-1521 ext. 248 e-mail:
tnantung@indot.in.gov

Research Program

Sponsoring Agency Name

Sponsoring Agency Contact
(Name, Address, Phone,
Email)

Indiana Department of Transportation and Joint Transportation Research
Program - Purdue University

Joint Transportation Research Program Delon and Elizabeth Hampton
Hall of Civil Engineering 550 Stadium Mall Drive West Lafayette, IN
47907-2016 Phone: (765) 494-6508 Email: JTRP@purdue.edu

Research and Results

Brief Summary of the
Research Project and
Impact, or Potential Impact,
of Implementing Research
Results

Motivation. Planning and building roundabouts on high-speed roads
progresses in many states. The increased presence of trucks on such
roads brings the concern about the risk of rollover. This study examined
the risk of rollover in relation to the roundabout circulatory
superelevation, aggressive driver behavior, roundabout readability, and
nighttime conditions. Moreover, the key capacity components: critical
and follow-up headways were estimated for trucks and other vehicles
Findings. A novel method was developed and applied based on
generalized rollover conditions checked for field-observed semi-trailer
speeds and paths. The “delta speed” was used to measure the proximity
of rollover. The research detected no excessive rollover risk on the
studied roundabouts. The benefit of an inward-sloped circulatory
roadway was too small to justify its introduction to design practice.
High-speeds in advance of a roundabout, associated with aggressive
driver behavior, did not result in a considerable increase in the rollover
propensity at the roundabout. Night conditions did not bring any increase
in the propensity for rollover. In contrary, the driver behavior under
night conditions tended to be more cautious than during daylight
conditions. Furthermore, a wider circulatory roadway may reduce the
rollover propensity by allowing drivers to compensate by following
flatter paths. An examination of literature and crash reports found that a
cautious design of the truck apron is warranted.

This research has revealed that heavy vehicles required a critical
headway 1.1 seconds longer than other vehicles. Furthermore, drivers on
dual-lane roundabouts in rural areas accepted a 0.6 sec longer critical
headway than drivers on single-lane roundabouts in urban areas.
Implementation. No considerable difference in the rollover propensity
between the studied roundabouts on low and high-speed roads
encourages continuation of in the current design policy for roundabouts.
It should be noted though, that Indiana is in the early phase of
introducing roundabouts on high-speed roads. The estimated critical and
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follow-up headways will be used instead of the default national values in
capacity and LOS evaluation by designers and traffic engineers.

Project Information

Evaluation of Alternative Intersections and Interchanges: Diverging

High Value Research Title Diamond Interchange Signal Timing

Project Number SPR-3830b

Project Cost $235,000

Project Duration 28 months

Web link

Submitter Agency Indiana Department of Transportation

Tommy E. Nantung Indiana Department of Transportation Division of
Submitter (Name, Address, Research and Development P.O. Box 2279 1205 Montgomery Street
Phone, Email) West Lafayette, IN 47906 Phone: (765) 463-1521 ext. 248 e-mail:
tnantung@indot.in.gov

Research Program

Indiana Department of Transportation and Joint Transportation Research
Program - Purdue University

Sponsoring Agency Contact Joint Transportation Research Program Delon and Elizabeth Hampton
(Name, Address, Phone, Hall of Civil Engineering 550 Stadium Mall Drive West Lafayette, IN
Email) 47907-2016 Phone: (765) 494-6508 Email: JTRP@purdue.edu

Research and Results

This study investigated signal timing for diverging diamond interchanges
(DDIs). This interchange type has been growing in popularity and
Indiana constructed its first DDI during this project. At the inception of
this project, there was very little practice-ready guidance on signal
timing for DDIs available in the literature, and there had been no field
studies on coordinating DDIs with neighboring intersections along an
arterial. The study had four major components:

1. A field study in Utah focused on traffic performance within the DDI,
and provided an opportunity for peer exchange between INDOT and
UDOT personnel. As a result of that collaboration, an new “three-phase”
method of establishing the DDI timing was developed that improved
coordination and reduced queuing within the interchange.

2. A field study in Indiana focused on coordinating the DDI with
neighboring intersections along the corridor. A five-intersection corridor
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at 1-69 and SR 1 was optimized. Travel times along various routes were
measured using Bluetooth MAC address matching, and an annualized
user benefit of $564,000 was estimated to have been achieved.

3. A simulation study looked at alternative cycle length strategies for a
DDI with two neighboring intersections. Six different traffic scenarios
were tested. It was found that a half-cycle strategy yielded the lowest
user cost and lowest average delay for most movements.

4. The report investigates practical details of DDI signal timing and
contains 10 draft design templates taking into account alternative
pedestrian treatments and signal controller hardware options.

Finally, the report for this project includes a generalized approach to
phase assignment and a detailed discussion of practical considerations,
which goes further than the guidance currently available in the literature.

Project Information

High Value Research Title | Crack Sealing/filling: The Best Practices

Project Number SPR-3533

Project Cost $117,506

Project Duration 45 months

Web link

Submitter Agency Indiana Department of Transportation

Tommy E. Nantung Indiana Department of Transportation Division of
Submitter (Name, Address, Research and Development P.O. Box 2279 1205 Montgomery Street
Phone, Email) West Lafayette, IN 47906 Phone: (765) 463-1521 ext. 248 e-mail:
tnantung@indot.in.gov

Research Program

Indiana Department of Transportation and Joint Transportation Research
Program - Purdue University

Sponsoring Agency Contact Joint Transportation Research Program Delon and Elizabeth Hampton

Sponsoring Agency Name

(Name, Address, Phone, Hall of Civil Engineering 550 Stadium Mall Drive West Lafayette, IN
Email) 47907-2016 Phone: (765) 494-6508 Email: JTRP@purdue.edu
Research and Results

Brief Summary of the This study reviewed the current state of practice for crack sealing/filling
Research Project and and experimentally evaluated the Indiana Department of Transportation

Impact, or Potential Impact, (INDOT) crack sealing/filling practice, including 1) the effectiveness of
of Implementing Research  crack sealing/filling; 2) the effectiveness of routing; 3) the performance
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Results of crack sealant and filler; 4) the sealant performance grade system; and
5)the crack sealing/filling equipment performance.
The key findings from an extensive literature review and
nationwide/statewide survey performed in 2012 are the following: 1)
65% of the responses indicated that the routing is required for the crack
sealing/filling application; 2) ASTM D 6690 Type Il was the most
widely used sealant type and only Missouri and Indiana included
emulsions in their specifications as crack sealing/filling materials; and 3)
crack sealing/filling equipment availability and maintenance were the
most concerned for the maintenance units.
Based on the two-year experimental investigation, the crack
sealing/filling was determined to be effective in preventing pavement
surface crack distress occurrence. The crack sealing/filling was
concluded to be effective in maintaining crack integrity and resisting
sealant and filler deformations due to the seasonal crack movement. The
routing was not determined to be effective in terms of the pavement
performances. However, Adhesive/Cohesive/Spalling (ACS) failure
result showed that the routed section significantly outperformed the non-
routed section. In addition, the test results indicated that the ASTM 6690
Type 1l crack sealants performed relatively well in terms of pavement
and crack sealing/filling performances.
The mixed results regarding the effectiveness of the routing were
obtained from the literature review and the field evaluation. As a result,
it was recommended from the Maintenance Division that routing is
limited to transverse cracks (reflective cracks) on asphalt overlay over
concrete pavements, which was added in the INDOT Maintenance
Manual. INDOT currently uses the ASTM Type Il crack sealants, which
showed an overall good pavement and crack performances from the
evaluation. Therefore, the current INDOT crack sealant material
selection process (ASTM Type 1) is concluded to be adequate.
Finally, a hot air lance (HAL) to clean routed reservoirs was
experimentally evaluated and its result showed that the wet cracks
treated with HAL had significantly higher bonding to sealants than the
wet cracks treated with the conventional air compressor. The research
results (Field Handbook, training, and workshops) were disseminated
Statewide to the Districts and they became the INDOT State of the
Practice in pavement maintenance to achieve longer lasting pavement
preservation program.

Project Information

High Value Research Title  Culvert Inspection and Data Management

Project Number SPR-3859
Project Cost $25,000
Project Duration 9 months
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http://dx.doi.org/10.5703/1288284315502
http://dx.doi.org/10.4231/R7K935F2

Web link

Submitter
Submitter Agency Indiana Department of Transportation

Tommy E. Nantung Indiana Department of Transportation Division of
Submitter (Name, Address, Research and Development P.O. Box 2279 1205 Montgomery Street
Phone, Email) West Lafayette, IN 47906 Phone: (765) 463-1521 ext. 248 e-mail:
tnantung@indot.in.gov

Research Program

Indiana Department of Transportation and Joint Transportation Research
Program - Purdue University

Sponsoring Agency Contact Joint Transportation Research Program Delon and Elizabeth Hampton
(Name, Address, Phone, Hall of Civil Engineering 550 Stadium Mall Drive West Lafayette, IN
Email) 47907-2016 Phone: (765) 494-6508 Email: JTRP@purdue.edu

Sponsoring Agency Name

Research and Results

Culverts are a critical asset to facilitate drainage. Proper drainage is
essential for pavement to maximize life expectancy and minimize
maintenance. As with many assets, culverts deteriorate with age and
require regular inspection. It is important to have a formalized process of
inventory and inspection that is efficient and can effectively support
culvert asset management. This study was undertaken to evaluate the
current culvert inspection and asset management practices for the
Indiana Department of Transportation (INDOT). Approximately 700
small culverts and catch basins were visited and evaluated using both the
traditional culvert inspection practices and a revised asset management
evaluation scale. Based upon this assessment, several recommendations
for process improvement were made, including the addition of photos to
the culvert database, a revised rating scale, advanced planning of
inspection schedules, a formalized process for culvert reassessments, the
creation of a separate catch basin inlet inventory, various improvements
to the inventory process, and a dedicated staff to complete inspections
efficiently. It was also noted that building a reliable database will show
historical trends and can eventually lead to a study of small culvert
inspections and culvert longevity, which will lead to improved asset
management. Implementation of the project recommendations is on-
going at INDOT to move from a “worst-first” management model to a
structured asset management model. As a result of ongoing peer
exchange with local agencies, Elkhart County has adopted this
methodology for culverts inspection.

Brief Summary of the
Research Project and
Impact, or Potential Impact,
of Implementing Research
Results
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Project Information

High Value Research Title  Engineering Properties of Marls

Project Number SPR-3639

Project Cost $203,516

Project Duration 41 months

Web link http://dx.doi.org/10.5703/1288284315533
Submitter Agency Indiana Department of Transportation

Tommy E. Nantung Indiana Department of Transportation Division of
Submitter (Name, Address, Research and Development P.O. Box 2279 1205 Montgomery Street
Phone, Email) West Lafayette, IN 47906 Phone: (765) 463-1521 ext. 248 e-mail:
tnantung@indot.in.gov

Research Program

Indiana Department of Transportation and Joint Transportation Research
Program — Purdue University

Sponsoring Agency Contact Joint Transportation Research Program Delon and Elizabeth Hampton
(Name, Address, Phone, Hall of Civil Engineering 550 Stadium Mall Drive West Lafayette, IN
Email) 47907-2016 Phone: (765) 494-6508 Email: JTRP@purdue.edu

Research and Results

The term “marl” is used to designate soft, carbonate?rich, fine?grained
soils, which pose concerns related to both settlement and stability.
Despite the prevalence of marls in the Midwest US and the concerns
associated with their behavior, very limited work has been done to study
the engineering properties of these soils. The objectives of the study are:
a) the creation of a map and database of existing information on marl
deposits in Indiana; and b) an in?depth characterization of the properties
of a marl deposit in Daviess County, IN, which was considered
representative of similar deposits encountered throughout the Midwest.
The marl database was generated using ArcGIS 10.0.from information
available at the INDOT, and involved mining data from over five
thousand boreholes.

The second part of the project involved field tests (seismic cone
penetration tests, standard penetration tests, field vane shear tests), and
laboratory experiments (index tests, incremental and constant rate of
strain consolidation tests, and consolidated undrained triaxial tests)
conducted on high quality Shelby tubes samples. Additionally, the
mineralogy and the microstructure of the soil were studied in detail.
Comparison of the field data and laboratory results provides the means to
validate published correlations for interpretation of the geotechnical
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http://dx.doi.org/10.5703/1288284315533

lowa (6)

properties of marls from field results. For the site examined, correlations
to estimate shear wave velocity, stress history, and undrained strength
from Cone Penetration Test results are identified.

The research study also generated guidelines for soil identification,
sampling and specimen preparation, interpretation of filed data, and
preliminary design in marl deposits.

The greatest contribution provided by the project come from the data and
knowledge-base developed, which fill former knowledge gaps and
specifically address previously widespread concerns with construction
on soft marl deposits. The most tangible benefit is the resulting increased
confidence in construction methods and prediction of performance for
projects on marls. The associated cost (or time) benefits are project
dependent. They derive from greater freedom in selecting the alignment,
the improved prediction of long-term (creep) settlements, the
minimization/optimization of the volume of ground to be removed or
treated, the more accurate prediction of repaving costs. As an example of
the potential cost savings that this could produce, one might consider the
impact that ground improvement procedures have on the overall cost of a
project (e.g. for a bridge structure ground improvement costs may
represent as much as 15% of the overall cost of the structure).

Additional savings are associated with the availability of extensive high
quality data that can be used to guide the design especially in the
preliminary stages, the reduced scope of the laboratory and field testing
program that can derive from relying on the existing data and soil
specific correlations developed through the project, with additional tests
limited to “confirmation” purposes.

Project Information

High Value Research Title

Project Number
Project Cost
Project Duration
Web link

Optimization of Snow Drifting Mitigation and Control Methods for lowa
Conditions

TR-626
$0
53 months

Submitter

Submitter Agency

Submitter (Name, Address,

Phone, Email)

lowa Department of Transportation

Peggi Knight 800 Linclon Way, Ames, IA 50010
peggi.knight@dot.iowa.gov 515-239-1412
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Research Program

Sponsoring Agency Name

Sponsoring Agency Contact
(Name, Address, Phone,
Email)

lowa Highway Research Board

lowa Department of Transportation 800 Lincoln Way Ames IA USA
50010

Research and Results

Brief Summary of the
Research Project and
Impact, or Potential Impact,
of Implementing Research
Results

In summary, this project set out to find the following:

1. The drifting research was intended to take national practices and
understanding of snow drifting and apply it to lowa’s conditions. It
would allow us to compare a sophisticated 3D modeling software to real
conditions.

2. This effort was also aimed at solving specific drifting and sifting
issues that maintenance was having along 1-35 north of Ames. There was
limited right of way so traditional methods were not working well.
Several new configurations were tested to see how well they performed.
3. As part of this effort we were also hoping to define a snow relocation
coefficient for lowa. That coefficient would help determine the amount
of snow that need to be stored by snow fences for a specific amount of
snow fall. The coefficient would be used in a drift modeling software
that we obtained from Wyoming. Due to several technical issues we
were not able to determine a good relocation coefficient though.

The research yielded several key findings:

- Plastic snow fences with decreased porosity (30%, compared to the
standard 50%) and a wider bottom gap (20-25% fence height, compared
to the standard 15%) are a more effective way to protect against snow
drifting. The new design 1) has a higher capacity to store snow over less
distance from the fence 2) can work well in more severe snow storm
events 3) can be used with narrow rights-of-ways

- A novel technique based on close range photogrammetry (CRP) to
quantify and measure snow deposits trapped by fences was developed
and tested in this research. It proved to be an efficient and accurate way
to assess the efficiency of snow fence design compared to other types of
structural and living snow fences. The team recommends this method
when assessing these qualities.

- Use of living snow fences was shown to be very effective at preventing
snow drifting. Precise quantification of this performance would require
further research.

(attachments included)
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Project Information

Embankment Quality and Assessment of Moisture Control

High Value Research Title Implementation

Project Number TR-677
Project Cost
Project Duration 21 months

http://www.intrans.iastate.edu/research/documents/research-
reports/embankment quality and assess moisture ctrl w cvr.pdf

Web link

Submitter

Submitter Agency lowa Department of Transportation
Submitter (Name, Address, Peggi Knight 800 Lincoln Way, Ames, 1A 50010 515-239-1412
Phone, Email) peggi.knight@dot.iowa.gov

Research Program

No data entered for this section

Research and Results

Earth embankments are critical components of infrastructure that support
pavement systems and bridge approaches. Various factors determine the
integrity and quality of these embankments. The current study set out to
examine the impact of current agency specifications in terms of quality
compaction and identify areas for improvement given recent
advancements in compaction systems and testing technologies.

Field testing was conducted on nine active construction sites in lowa
Brief Summary of the with various embankment materials. Samples were analyzed and quality
Research Project and control and quality assurance data were compared with data from
Impact, or Potential Impact, previous embankment research, which was meant to assess differences
of Implementing Research  between current practices and past findings.
Results
Key Findings:
Based on field testing and observations documented through this project,
although results show a statistically significant improvement over
previous projects, the QC/QA results are not consistently meeting
approved standards.

Implementation Recommendations:
Option 1: Enhance the current lowa DOT moisture and moisture-density
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specifications in terms of differentiating the material types, developing a
spatial random sampling method, and improving process control through
control charts.

Option 2: Develop alternative QC/QA specifications using dynamic cone
penetometer or modulus-based testing.

Option 3: Incorporate calibrated intelligent compaction (IC)
measurements into QC/QA specifications by developing statistically
valid field calibrations and mapping of final layers to determine areas of
non-compliance.

Implementation Benefits:

Because the quality of embankment construction directly influences the
performance of the support infrastructure, improvements to embankment
compaction quality will reduce cost of future maintenance and the need
for reconstruction.

(Attachments are included)

Project Information

High Value Research Title Implementation of a Pilot Continuous Monitoring System: lowa Falls

Arch Bridge
Project Number HR-1088
Project Cost
Project Duration 64 months
Web link

Submitter

Submitter Agency lowa Department of Transportation
Submitter (Name, Address, Peggi Knight 800 Linclon Way, Ames, IA 50010
Phone, Email) peggi.knight@dot.iowa.gov 515-239-1412

Research Program

No data entered for this section

Research and Results

Brief Summary of the The goal of the project was to move SHM one step closer to being ready
Research Project and for mainstream use by the lowa DOT Office of Bridges and Structures,
Impact, or Potential Impact, as well as other agencies' bridge offices. The objective of this project
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of Implementing Research  was to implement a pilot multi-sensor continuous monitoring system on
Results the lowa Falls Arch Bridge so that autonomous data analysis, storage,
and retrieval could be demonstrated.

The project was successful.

In summary, the system developed in this project is capable of:

1. Detecting and notifying authorities of catastrophic events or
potentially catastrophic bridge conditions using real-time data analytics.
2. Detecting and notifying authorities of changes in condition resulting
from deterioration and degradation using specially developed algorithms
coupling advanced statistical analysis and high-order bridge engineering.
3. Quantifying bridge load carrying capacity in real-time based upon
measured bridge behavior and calibrated structural characteristics.

This system is valuable because it eliminates the subjectivity of current
inspection approaches; increases evaluation frequency from once every
two years to continuously, virtually removes human error, bias, and
limitations; and provides feedback that can be used to perform proactive,
rather than reactive, preventative maintenance.

The pilot system of this project was developed for general performance
evaluation purposes such that it could be easily adapted for bridge and
other monitoring needs. The system was developed allowing easy access
to nearly real-time data. Integration steps are outlined in the full report; it
Is expected that the process - including system testing and verification -
could be completed in 18 months or less.

This project proved that not only could a continuous, multi-sensor
monitoring system be implemented, but it was done in such a way as to
serve as a prototype for use on other bridges. The system in this study
was developed to be used on any bridge type to evaluate performance.

Having a continuously-updating system means that data are routinely
accessible by DOT staff, and readily and directly implementable for
timely decision making. Again, the researchers emphasize that this
system is fully implementable on multiple bridge types without
difficulty.

(Attachments are included)

Project Information

High Value

. Structural Charterization of UHPC Waffle Bridge Deck and Connection
Research Title
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Project Number TR-614

Project Cost
Project Duration 33 months
Web link http://lib.dr.iastate.edu/cgi/viewcontent.cgi?article=1033&context=intrans reports

Submitter
Submitter Agency  lowa Department of Transportation

Submitter (Name,
Address, Phone,
Email)

Research Program

No data entered for this section

Research and Results

In summary, this project:

Peggi Knight 800 Linclon Way, Ames, 1A 50010 peggi.knight@dot.iowa.gov
515-239-1412

* Introduced an innovative and durable precast concrete deck panel

* Demonstrated an efficient use of Ultra High Performance Concrete (UHPC) in
bridge deck construction

* Established an accelerated construction technique for the bridge deck using
UHPC on site

* Used experimental and field data to confirm excellent performance of the waftle
deck

Brief Summary of
the Research
Project and Impact,
or Potential Impact,
of Implementing
Research Results

The use of a prefabricated UHPC waffle deck system in the Wapello County
Bridge was the first of its kind in the United States, and is one of many innovative
methods being employed to reduce road closure time. Use of these waffle decks is
part of the ever-improving Accelerated Bridge Construction practices which the
lowa DOT and its partners have long championed.

The reduced weight and increased durability of the deck panel (compared to
traditional precast concrete) will increase the longevity of the structure, thus
decreasing maintenance costs.

A design guide (attached), based on analytical studies and supported by the
findings of this research, will help speed the implementation process by showing
how waffle deck panels could be used in a variety of new and existing bridges.

(Attachments included)
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Project Information

High Value Research Title | Development of Self-Cleaning Box Culvert Design: Phase |1

Project Number TR-619

Project Cost

Project Duration 41 months

Web link

Submitter Agency lowa Department of Transportation

Submitter (Name, Address, Peggi Knight 800 Linclon Way, Ames, IA 50010
Phone, Email) peggi.knight@dot.iowa.gov 515-239-1412

Research Program

No data entered for this section

Research and Results

The Phase |1 research was implemented to field test the self-cleaning box
culvert “wedges” that were modeled at the University of lowa’s
hydraulic flume for the original research project (TR-596). The research
has verified to date that the wedges have prevented the initiation of
sedimentation into one or more of the RCB barrels. Phase 111 (TR-665)
will develop a web-based application that will assess the potential
sedimentation for the design of multi-barrel culverts. This will provide
the designer with another tool for assessing the structure type at a
particular location.

Some key takeaways from the TR-619 (Phase I1) research

- The fillet-based self-cleaning culvert design proved its reliability and
efficiency throughout the testing and monitoring phases

- The design is simple to implement in any stage of the culvert lifetime.
For retrofitting, the fillet-based geometry requires less effort because the
existing deposited sand in the culvert area can be used to “build” the
fillet base.

- Geomats are reliable solutions but grouted “rip-rap” is also feasible (the
first solution is more expensive than the second)

- Due to the number and complexity of the factors involved in the
sedimentation process and the limited amount of resources available for
the study, one culvert geometry and site was thoroughly investigated

- Follow up study: TR-665: Mitigation of Sedimentation at Multi-Cell
Box Culverts

Brief Summary of the
Research Project and
Impact, or Potential Impact,
of Implementing Research
Results

(Attachments included)
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Project Information

Implementation Manual - 3D Engineered Models for Highway

High Value Research Title Construction: The lowa Experience

Project Number RB33-014

Project Cost

Project Duration 20 months

Web link http://publications.iowa.gov/id/eprint/20318
Submitter Agency lowa Department of Transportation

Submitter (Name, Address, Peggi Knight 800 Linclon Way, Ames, IA 50010
Phone, Email) peggi.knight@dot.iowa.gov 515-239-1412

Research Program

No data entered for this section

Research and Results

1. This documentation demonstrates the thought process and steps that
lowa went through when implementing 3D design and machine
guidance. This will allow other states and agencies to understand the
rationale behind certain decisions and allow them to compare their

Brief Summary of the situation to that of lowa and make changes accordingly.

Research Project and
Impact, or Potential Impact,
of Implementing Research
Results

2. The guidance in this document should help other states and agencies
avoid the mistakes that lowa made in their implementation, short-cutting
costly trial-and-error methods.

3. The encouragement and tips in this manual should help motivate and
reduce implementation time of 3D design for other states and local
agencies. This will cut costs, improve reception at both the agency and
stakeholder levels, and give clearer guidance throughout the process.

Kansas (4)

Project Information

Kansas Department of Transportation Column Expert: Ultimate Shear

High Value Research Title Capacity of Circular Columns Using the Simplified Modified
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Compression Field Theory

Project Number K-TRAN: KSU-14-4 & RE-0625-01 & C1972
Project Cost $61,000

Project Duration 26 months

Web link https://www.ksdot.org/bureaus/burresearch/default.asp
Submitter Agency Kansas Department of Transportation

Richard E. Kreider, Jr. Kansas Department of Transportation Bureau of
Research 2300 SW Van Buren Topeka, KS 66611 785-296-7410
RickK@ksdot.org

Research Program

No data entered for this section

Research and Results

Introduction
Even though the behavior of concrete elements subjected to shear force
has been studied for many years, researchers do not have a full
agreement on concrete shear resistance. This is mainly because of the
many different mechanisms that affect the shear transfer process of
concrete, such as aggregate interlock, interface shear transfer across
cracks, shear transfer in compression zone, dowel action, and residual
tensile stresses normal to cracks. However, researchers agree that
aggregate interlock and shear transfer in compression zone are the key
components to understanding concrete behavior under full field shear,
flexural, and axial stresses.

Brief Summary of the The importance of the analysis of circular columns to accurately predict

Research Project and their ultimate confined capacity under shear-flexure-axial force

Impact, or Potential Impact, interaction domain is recognized in light of the extreme load event

of Implementing Research  imposed by the current American Association of State Highway and

Results Transportation Officials (AASHTO) Load and Resistance Factor Design
(LRFD) Bridge Construction Specifications (AASHTO, 2014).
Project Description
In this study, various procedures for computing shear strength are
reviewed. Then, the current procedure adopted by AASHTO LRFD
specifications, based on the Simplified Modified Compression Field
Theory, is evaluated for non-prestressed circular concrete bridge piers.
This evaluation is benchmarked against experimental data available in
the literature, and against Response 2000 freeware program that depicts
interaction diagrams based on AASHTO (1999) LRFD requirements.
Differences in results are discussed and future improvements are
proposed.

Submitter (Name, Address,
Phone, Email)
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Project Results

A formulation conforming to AASHTO (2014) LRFD Bridge
Construction Specifications is developed to predict the axial force-shear-
moment interaction diagrams of circular confined concrete bridge pier
sections. Comparisons with a large database of experiments indicate the
accuracy of the resulting diagrams. A further step was taken to improve
the accuracy of the calculations.

Transverse steel area, spacing, cross section diameter, and applied axial
force are the main keys to analyze and increase the shear capacity of the
cross section. Treating the cracked concrete as a new different material
proved to be a beneficial approach to predict the capacities and behaviors
of sections.

Project Information

Pullout Resistance of Mechanically Stabilized Earth Wall Steel Strip

High Value Research Title " poinforcement in Uniform Aggregate

Project Number K-TRAN: KU-14-7 & RE-0638-01 &C1970

Project Cost $58,000

Project Duration 26 months

Web link https://www.ksdot.org/bureaus/burresearch/default.asp
Submitter Agency Kansas Department of Transportation

Richard E. Kreider, Jr. Kansas Department of Transportation Bureau of
Research 2300 SW Van Buren Topeka, KS 66611 (785) 296-7410
rickk@ksdot.org

Submitter (Name, Address,
Phone, Email)

Research Program

No data entered for this section

Research and Results

Introduction

A wide range of reinforcement-backfill combinations have been used in
mechanically stabilized earth (MSE) walls. Steel strips are one type of
reinforcement used to stabilize aggregate backfill through anchorage. In
the current MSE wall design, pullout capacity of steel strips is evaluated
to ensure internal stability of the reinforced mass. The pullout resistance
of reinforcement is expressed in terms of pullout resistance factor that
measures the reinforcement-backfill interaction. This pullout resistance
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factor is commonly determined by performing pullout tests.

AASHTO (2012) LRFD Bridge Design Specifications provides default
values of pullout resistance factor, F*, for strip reinforcement embedded
in backfill material with a uniformity coefficient of Cu ? 4, where the
uniformity coefficient is defined as the ratio of the particle size at 60%
finer to that at 10% finer. However, for backfill with a uniformity
coefficient of Cu <4, AASHTO recommends project-specific pullout
tests. This AASHTO requirement has disqualified a large amount of
aggregates produced in Kansas quarries, or made them difficult and/or
costly to be used in MSE wall construction. To address this problem, an
experimental study was undertaken in the Geotechnical Engineering
Laboratory at The University of Kansas to examine the effect of
aggregate uniformity on pullout resistance of steel strips when the
uniformity coefficient of aggregate is Cu < 4.

Project Description

Eighteen pullout tests were carried out on ribbed steel strip
reinforcements embedded in six aggregate backfills with uniformity
coefficients ranging from 1.4 to 14. The pullout resistance of each
reinforcement-backfill combination was investigated under three normal
stresses to simulate reinforcements placed at different depths of fill. Each
test sample was prepared in a consistent way to minimize variations. One
of the important influence factors was degree of compaction.

Project Results

The test results demonstrated that the overall trend for all types of
aggregates was similar. The uniform aggregates generally behaved the
same way as the well-graded aggregates in terms of pullout resistance.
The effect of aggregate uniformity was more obvious in the tests under a
lower normal stress than under a higher normal stress. When the normal
stress was at 10 psi, there was no obvious effect of aggregate uniformity.
Furthermore, the pullout resistance factors obtained from this study were
compared with the default F* values for ribbed strip reinforcement
provided by AASHTO (2012). The comparison shows that the pullout
resistance factor for ribbed steel strips decreased with depth in the same
way as suggested by AASHTO. However, the F* values recommended
by AASHTO are conservative as compared with the test results when
aggregate backfills with uniformity coefficients ranging from 1.4 to 14
were used. In other words, the F* values recommended by AASHTO can
be used to design MSE walls with ribbed steel strips in aggregate
backfills with a uniformity coefficient as low as 1.4.

Project Information

Guardrail and Bridge Rail Recommendations for Very Low Volume
Local Roads in Kansas

Project Number KS-14-16

High Value Research Title
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Project Cost

Project Duration -16 months

Web link http://ksdotl1.ksdot.org/burmatrres/kdotlib2.asp

Submitter Agency Kansas Department of Transportation

Submitter (Name, Address, Richard E. Kreider, Jr. Kansas DOT Bureau of Research 2300 SW Van
Phone, Email) Buren Topeka, KS 66611 785-296-7410 rickk@ksdot.org

Research Program

No data entered for this section

Research and Results

Although the findings of this investigation would support a policy that
does not require installation of bridge rails on structures between 20 ft.
and 50 ft. on roads functionally classified as Local Roads with less than
50 vehicles per day (vpd), it is recognized that there are benefits of the
rail that cannot be evaluated by this effort. That is, they provide
delineation to all drivers by indicating where the edge of the structure is
located; additionally even a lightweight, non-tested rail has the ability to
redirect some low-angle and/or low speed impacts. As a result it is
recommended that bridge rails installed on new or rehabilitated bridges
utilizing federal funds could be of a non-tested design if the structure
meets the set of conditions outlined below. This non-tested design is
Brief Summary of the constructed of a w-beam guardrail section mounted on standard guardrail
Research Project and posts that are fastened to the bridge structure either by welding or a
Impact, or Potential Impact, bolted connection. In addition, no approach guardrail will be required on
of Implementing Research  these bridges.
Results In order to use this design, the bridge would need to meet all of the
following conditions:
1. The bridge is located on a road functionally classified as a Local
Road.
2. Traffic volume is less than or equal to 50 vpd.
3. The approach roadway is a two-wheel path road.
4. Roadway surface on approaches is gravel, sand or dirt.
5. Maximum length of bridge is 50 feet.
6. The new structure shall be no less than 24 ft. wide
7. Bridge is not located on or adjacent to a curve or intersection.
8. A Type 3 object marker shall be installed at each end of the bridge
rails.
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Project Information

Evaluation of Repeatability of Kansas Test Method KT-73, "Density,

High Value Research Title Absorption and Voids in Hardened Concrete,” Boil Test

Project Number KS-15-04

Project Cost

Project Duration -10 months

Web link https://www.ksdot.org/bureaus/burresearch/default.asp

Submitter Agency Kansas Department of Transportation

Submitter (Name, Address, Richard E. Kreider, Jr. Kansas Department of Transportation Bureau of
Phone, Email) Research 2300 Van Buren 785-296-7410 RickK@ksdot.org

Research Program
No data entered for this section

Research and Results

The Kansas Department of Transportation (KDOT) is observing water-
related failures as soon as 10 years after construction. Since water causes
Brief Summary of the many of the aggregate and paste failures in Portland cement concrete
Research Project and pavements (PCCP) , KDOT will implement KT-73 without further
Impact, or Potential Impact, modification as a Quality Control/Quality Assurance (QC/QA) test in a
of Implementing Research  Special Provision. Contractors will conduct quality control boil tests on
Results pavement cores and KDOT will conduct the quality assurance testing.
The contractors will be able to earn up to 2 percent bonus pay when able
to achieve 100 percent within limits on the boil test.

Michigan (4)

Project Information
High Value Research Title  Evaluation of Non-Freeway Rumble Strips - Phase Il

Project Number 2013-0071 Z1
Project Cost $250,000
Project Duration 25 months

http://www.michigan.gov/documents/mdot/Non-
Freeway Rumble Strips Spotlight 7-30-15 495960 7.pdf

Web link

Submitter
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Submitter Agency Michigan Department of Transportation

Michael Townley Research Project Administration Manager Michigan
Department of Transportation 8885 Ricks Rd. P.O. Box 30049 Lansing,
M1 48909 Phone (517) 636-0144 townleym@michigan.gov

Research Program

No data entered for this section

Research and Results

Fatigue or distraction can lead drivers to drift out of their lane,
potentially leading to collisions that may result in death or serious injury.
In an effort to reduce such crashes, Michigan launched a major system
wide installation of both centerline and shoulder rumble strips on 5,400
miles of its rural, non-freeway highway system. As this initiative was
believed to be the largest of its kind in the United States, it was
important for MDOT to evaluate the impacts associated with the rumble
strip installations to provide guidance for future implementation. In this
the second phase of a larger research effort, Researchers evaluated the
program’s overall effectiveness, including the safety gains and cost
Brief Summary of the benefits of rumble strips.
Research Project and The safety performance analysis indicated statistically significant
Impact, or Potential Impact, reductions in the range of 50 percent in all types of target crashes after
of Implementing Research  centerline rumble strips were installed. Researchers identified 2,488
Results target crashes in the three years before installation of centerline rumble
strips and 1,306 in the three years after installation.
Researchers estimated a cost benefit of nearly $80 million over three
years as a result of the crash reductions from centerline rumble strip
installation.
Rumble strips are proving to be a cost-effective countermeasure to lane-
departure crashes on Michigan’s state highways. MDOT is reaching out
to local agencies to encourage interest in installing rumble strips. To
support this effort, MDOT has developed concise, user-friendly design
and installation guidelines.

Submitter (Name, Address,
Phone, Email)

Project Information

Michigan Urban Trunkline Intersections Safety Performance Function

High Value Research Title (SPFs) Development and Support

Project Number 2013-0070 Z4
Project Cost $250,100
Project Duration 21 months

Page 40 of 65



Web link http://www.michigan.gov/documents/mdot/RC1628 497550 7.pdf

Submitter
Submitter Agency Michigan Department of Transportation

Michael Townley Research Project Administration Manager Michigan
Department of Transportation 8885 Ricks Rd. P.O. Box 30049 Lansing,
M1 48909 Phone (517) 636-0144 townleym@michigan.gov

Submitter (Name, Address,
Phone, Email)

Research Program
No data entered for this section

Research and Results

Michigan DOT is focusing resources into the Toward Zero Deaths
program and to that end trying to understand how various factors affect
the frequency, type, and severity of traffic crashes at specific roadway
sites, such as intersections. Gaining a better understanding of the factors
affecting crashes provides traffic safety professionals with the ability to

Brief Summary of the develop well-informed, targeted policies and programs to reduce traffic

Research Project and crashes and the resultant injuries and fatalities.

Impact, or Potential Impact,

of Implementing Research  An important tool in this process is the Highway Safety Manual (HSM)

Results predictive models that can be utilized to estimate the frequency of traffic
crashes on specific road facilities. These models, referred to as safety
performance functions (SPFs), are useful for estimating the safety
impacts of site-specific design alternatives or for prioritizing candidate
locations for safety improvements on a network basis.

Project Information

Cost and Benefits of MDOT Intelligent Transportation System

High Value Research Title Deployments

Project Number 2013-0069 Z5
Project Cost $233,395
Project Duration 25 months

http://www.michigan.gov/documents/mdot/RC1631 Spotlight-
ITS Deployment 509517 7.pdf

Web link

Submitter
Submitter Agency Michigan Department of Transportation
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Michael Townley Research Project Administration Manager Michigan
Department of Transportation 8885 Ricks Rd. P.O. Box 30049 Lansing,
M1 48909 Phone (517) 636-0144 townleym@michigan.gov

Submitter (Name, Address,
Phone, Email)

Research Program

No data entered for this section

Research and Results

Since 2006, Michigan DOT has invested more than $100 million in
Intelligent Transportation Systems (ITS) technologies to relieve road
congestion and improve safety. Measuring the value and cost-
effectiveness of MDOT’s ITS investments is necessary to ensure these
devices are enhancing traffic operations and safety. The following
technologies and services were included in the benefit-cost analysis:
(1) Mi Drive: MDOT’s online traveler information website.
(2) Dynamic Message Signs (DMS): provide real-time information about
road conditions.
(3) Freeway Courtesy Patrol (FCP): provides services to motorists
involved in freeway incidents.

Brief Summary of the (4) Closed- Circuit Television (CCTV) cameras: provide real time

Research Project and images to first responders and the public.

Impact, or Potential Impact, (5) Microwave Vehicle Detection (MVDS): provide vehicle speeds and

of Implementing Research  volumes, useful for incident identification.

Results
A user survey showed that Michigan motorists were satisfied with ITS,
and a benefit-cost analysis suggested significant returns on investment.
When all benefits are taken into account, ITS in Michigan was found to
provide $3.16 in crash reduction, road side service, and travel delay
benefits for every dollar invested. CCTV had the greatest benefit
statewide, with a benefit-cost ratio of 3.95. DMS and FCP were only
slightly lower at 3.81 and 3.82, respectively. MVDS installations were
significantly less beneficial, with a benefit-cost ratio of only 1.02. This
project confirmed that ITS implementation in Michigan offers a good
return on investment that could be improved even further.

Project Information

High Value Research Evaluation of Michigan's Engineering Improvements for Older Drivers

Title

Project Number 2013-0069 Z3
Project Cost $302,902
Project Duration 23 months
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Web link

http://www.michigan.gov/documents/mdot/RC1636 Spotlight 506683 7.pdf

Submitter

Submitter Agency

Submitter (Name,
Address, Phone, Email)

Michigan Department of Transportation

Michael Townley Research Project Administration Manager Michigan
Department of Transportation 8885 Ricks Rd. P.O. Box 30049 Lansing, Ml
48909 Phone (517) 636-0144 townleym@michigan.gov

Research Program

No data entered for this section

Research and Results

Brief Summary of the
Research Project and
Impact, or Potential
Impact, of
Implementing Research
Results

In 2004, Michigan DOT began a program to implement engineering
countermeasures addressing the needs of older drivers. Now that the
improvements have been in place for several years, MDOT wanted to
quantify both the safety impacts and the cost-effectiveness of the following
improvements:

(1) Clearview font: on guide signs that is more legible than the traditional
font.

(2) Arrow-per-lane signing: which clarifies navigation with an arrow above
each highway lane.

(3) Fluorescent yellow sheeting: for warning signs that is more visible.

(4) Pedestrian countdown signals: which show the seconds remaining to
safely cross the roadway.

(5) Box span signal configuration: suspending traffic signals along all four
sides of an intersection.

The Clearview font and fluorescent yellow sheeting were installed together

in many cases, and the combination reduced crashes by 24% on freeways,
30% on urban non-freeways, and 33% on rural non-freeways. These
measures combined for a benefit-cost ratio ranging from $1,090 to $7,456 for
every dollar spent, depending on the type of location installed.

Arrow-per-lane signing reduced crashes among drivers 65 and older by 68%,
producing $1,440 in benefits for every dollar invested.

Pedestrian countdown signals significantly reduced crashes involving
pedestrians.

Box span signals had the smallest impact on collisions, but even they
produced $13 in safety benefits for every dollar invested.
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This project confirms that all five of the improvements studied provided
good safety benefits for the amount of money invested, and several produced
exceptional benefit-cost ratios. Researchers recommend continuing to install
them in appropriate locations.

Minnesota (8)

High Value Research Title  Next Generation Bridge Management Tools and Inspection
Project Number 2012-074

Project Cost $72,072

Project Duration 30 months

Web link Link

Submitter

Submitter Agency Minnesota Department of Transportation

Shannon Fiecke Marketing & Communications Manager MnDOT
Submitter (Name, Address, Research Services & Library Minnesota Department of Transportation
Phone, Email) 395 John Ireland Blvd., Mail Stop 330 St. Paul, MN 55155 (651) 366-
3738 Fax: (651) 366-3789 shannon.fiecke@state.mn.us

Research Program

Minnesota Department of Transportation Research Services &amp;amp;
Library

Sponsoring Agency Contact 395 John Ireland Boulevard, MS 330 St. Paul, Minnesota 55155-1899
(Name, Address, Phone, Phone: 651-366-3780 research.dot@state.mn.us
Email) www.dot.state.mn.us/research

Research and Results

The MAP-21 highway funding authorization bill enacted in 2012
changes the requirements for reporting of bridge inspection data in the
National Bridge Inventory. The NBI previously collected condition
Brief Summary of the ratings (from 1 to 9) for bridge decks, superstructures and substructures.
Research Project and The new law requires states to also collect element-level data for their
Impact, or Potential Impact, bridges: information about the specific components of a bridge such as
of Implementing Research  piers and abutments.
Results

Sponsoring Agency Name

Like many states, Minnesota already collects element-level bridge data
on many of its bridges, following AASHTO guidance first published
about two decades ago. However, the Federal Highway Administration’s
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new reporting system incorporates new guidance, AASHTO’s Guide
Manual for Bridge Element Inspection, which was published in 2011 and
revised in 2013. As a result, there were many cases in which Minnesota
collected data in formats not compatible with what FHWA now requires.

This project sought to evaluate Minnesota’s bridge data collection
practices and make recommendations about how to bring them into
compliance with FHWA’s new formats. MnDOT also had a wealth of
historical bridge data that it did not want to lose in the transition.

Researchers identified changes in bridge inspection and data reporting
procedures necessary to comply with new element-level data
requirements mandated by the MAP-21 transportation law. They
migrated historical data to the new formats and developed guidelines to
help bridge owners adapt to the new methodology.

The new inspection and reporting procedures will be implemented April
1, 2016. MnDOT is offering training on the new system and plans to roll
out a new bridge inspection manual.

MnDOT will also be using the first set of data reported under the new
inspection procedures as a quality control measure for the migrated
historical data. MnDOT expects and will encourage end users to adjust
the migrated data as necessary to match a bridge element’s actual
condition in cases where the migration process introduced errors.
Researchers recommended reviewing early data submitted under the new
system to identify and correct common problems or inconsistencies
among different inspectors.

The necessary upgrades to BRIM and SIMS recommended by this
project to be compatible with the new data formats are planned for
March 2016.

(Report and Technical Summary in attachments, along with possible
photo for illustration that has caption embedded.)

Project Information

High Value Research Title
Project Number

Project Cost

Project Duration

Web link

Using Mobile Mapping to Inventory Barriers
2010-029

$249,535

19 months

Link
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Submitter
Submitter Agency Minnesota Department of Transportation

Shannon Fiecke MnDOT Research Services & Library Minnesota
Department of Transportation 395 John Ireland Blvd., Mail Stop 330 St.
Paul, MN 55155 (651) 366-3738 shannon.fiecke@state.mn.us

Submitter (Name, Address,
Phone, Email)

Research Program

Sponsoring Agency Name  Minnesota Department of Transportation

Sponsoring Agency Contact
(Name, Address, Phone,
Email)

MnDOT Research Services & Library 395 John Ireland Blvd., MS 330
St. Paul, MN 55155-1899 651-366-3780 www.mndot.gov/research

Research and Results

To properly maintain its concrete barriers and plate beam guardrails,
MnDOT’s Metro District needed an accurate inventory of its assets. To
accomplish this, engineers in the district launched an innovative research
implementation project using a pair of mobile mapping technologies —
Light Detection and Ranging (LiDAR) and mobile imaging — to collect
vast amounts of geospatial data on highway infrastructure in a safe and
efficient manner. Many MnDOT staff will use this inventory in a variety
of planning, design and maintenance applications.

A consultant collected mobile imagery on 1,100 miles of roadway,
including images of all ramps, overpasses, interchanges, weigh stations,
rest areas and historical sites. The consultant also collected LiDAR data
at selected sites. While potentially very accurate, LIDAR data is
significantly more expensive to collect than mobile imagery, which is

Brief Summary of the why data collection was limited to three sites.

Research Project and
Impact, or Potential Impact,
of Implementing Research
Results

Metro District staff reviewed the mobile images and extracted a variety
of data. While the project focused on collecting barrier data, the imagery
contains other valuable assets that MnDOT has already used extract
noise wall and sign data.

In general, mobile imaging will be used for asset attribution and location,
while LiDAR will be used for design. Both technologies will be used to
check bridge, utility and overhead sign clearances. At the time of this
project, MnDOT planned to conduct mobile imagery and LiDAR data
collection projects on Interstate 35W and U.S. Highway 10 in
preparation of design projects on those highways. Other mobile LiDAR
projects underway included a stringless paving project on Minnesota
State Highway 23 near Granite Falls and a concrete rehabilitation project
on Minnesota Highway 5 and Trunk Highway 8 in the Metro District.

(Attachments - report, technical summary and photos with captions
Page 46 of 65



embedded in the file info.)

Project Information

High Value Research Title  Wave-Shaped Rumble Strips Reduce Nuisance Noise

Project Number 2013-041

Project Cost $63,398

Project Duration 13 months

Web link Link

Submitter Agency Minnesota Department of Transportation

Shannon Fiecke MnDOT Research Services & Library Minnesota
Department of Transportation 395 John Ireland Blvd., Mail Stop 330 St.
Paul, MN 55155 (651) 366-3738 shannon.fiecke@state.mn.us

Research Program

No data entered for this section

Research and Results

Rumble strips reduce lane departure crashes by producing vibration and
a loud noise in the vehicle to alert the driver. However, MnDOT has
received a significant number of complaints from landowners near
rumble strips about the noise they produce, which has been detected
more than 3,000 feet away in some rural settings.

Submitter (Name, Address,
Phone, Email)

In response to landowner complaints, researchers analyzed three rumble

strip designs to find a less obtrusive design. Currently MnDOT uses a
Brief Summary of the sharp-edged, rectangular rumble strip design that is milled into the
Research Project and pavement. The study identified a wave-shaped (sinusoidal) rumble strip
Impact, or Potential Impact, that produced as much noise inside the vehicle as the Minnesota design,
of Implementing Research  but significantly less sound outside of the vehicle. It also had a better
Results tonal quality than Minnesota's design.

A follow-up study is underway to fine-tune the sinusoidal rumble strip
design, but MnDOT has already begun to install the design on some
roadways. MnDOT installs rumble strips with new pavement projects on
most rural two-lane state roads, but has granted exceptions near homes
and waited to install rumble strips in some areas until a quieter design
could be identified. In some locations, MnDOT even filled in rumble
strips due to noise complaints.
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When the follow-up study is complete, the new rumble strip design
should be available for wider implementation. Any new design will not
be a wholesale replacement of MnDOT’s current design since the
sinusoidal designs are more expensive to install and some local

roads may not have enough width to install them. However, the new
design is likely to

be appropriate for noise-sensitive areas.

(Audio files, video and blog articles available with weblink. See
attachments for photos with embedded captions.)

Project Information

High Value Research Title Unmanned Aerial Vehicles Enable Safe and Cost-Effective Bridge

Inspection
Project Number 2015-010
Project Cost $34,112
Project Duration 5 months
Web link Link
Submitter
Submitter Agency Minnesota Department of Transportation

Shannon Fiecke MnDOT Research Services & Library Minnesota
Submitter (Name, Address, Department of Transportation 395 John Ireland Blvd., Mail Stop 330 St.
Phone, Email) Paul, MN 55155 (651) 366-3738 Fax: (651) 366-3789
shannon.fiecke@state.mn.us

Research Program

No data entered for this section

Research and Results

Utilizing Unmanned Aircraft Systems (UAS) technology, MnDOT
Brief Summary of the completed a research project in 2015 to study the effectiveness of drones
Research Project and for bridge safety inspections for both state and local bridges. The project
Impact, or Potential Impact, team inspected four bridges at various locations throughout Minnesota.
of Implementing Research  Researchers found that UASs were an effective tool for bridge
Results inspectors, an option that reduces safety risks to inspectors and
inconvenience to the public while providing high-quality detail to
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inspectors. (The UAS can deploy a wide range of imaging technologies,
including high-definition still, video and infrared sensors, and 3D
imaging software.)

In a second research phase (expected to conclude in June 2016), bridge
engineers used a new drone specifically designed for infrastructure
inspections to inspect the Blatnik Bridge in Duluth. Minnesota is the first
state known to use this specialized drone technology, which doesn't
require a GPS signal, to inspect state bridge infrastructure. In addition to
improving safety for inspectors, the drone reduced the time for a bridge
inspection from 8 to 5 days. It also increased the quality of collected data
and showed a 66% savings in the inspection costs.

This second effort demonstrated UAS imaging on the bridge and
investigated UAS use in confined space inspections, project and
inspection planning, and emergency response to bridge hits when it is
deemed unsafe for inspectors and traditional access methods.

As a result of these efforts, the MnDOT bridge inspection team has been
asked to speak at local, state and international conferences. The work is
especially critical as a new MnDOT bridge policy will require enhanced
inspection of around 2,700 local and state bridges. Many counties lack
the equipment, such as expensive snooper trucks, to thoroughly inspect
confined areas, so the availability of drones will greatly alleviate these
costs.

MnDOT is producing a best practices document that identifies what
bridges are best suited for UAS inspection. A newly funded research
project will implement a statewide UAS bridge inspection contract,
which will identify the overall cost-effectiveness, quality improvements
and funding sources for both state and local bridges

Project Information

High Value Research Title
Project Number

Project Cost

Project Duration

Web link

A Toolkit for Improving Safety Among Younger Drivers
2011-073

$75,373

45 months

Link

Submitter

Submitter Agency

Submitter (Name, Address,

Minnesota Department of Transportation
Shannon Fiecke MnDOT Research Services & Library Minnesota
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Phone, Email)

Department of Transportation 395 John Ireland Blvd., Mail Stop 330 St.
Paul, MN 55155 (651) 366-3738 Fax: (651) 366-3789
shannon.fiecke@state.mn.us

Research Program

Sponsoring Agency Name

Sponsoring Agency Contact
(Name, Address, Phone,
Email)

Local Road Research Board

Sandy McCully MnDOT Research Services and Library 395 John
Ireland Boulevard, MS 330 St. Paul, Minnesota 55155-1899 Phone: 651-
366-3768 www.Irrb.org sandra.mccully@state.mn.us

Research and Results

Brief Summary of the
Research Project and
Impact, or Potential Impact,
of Implementing Research
Results

Traffic crashes are the leading cause of death for young people. Local
transportation engineers are often asked to speak at events about the
factors involved in traffic safety: engineering, enforcement, emergency
medical services and education.

Investigators synthesized existing information about road safety and
younger drivers, and used it to develop a toolkit of resources that local
agencies, driving educators and others can use in outreach efforts to
promote safer driving behaviors among drivers under the age of 29. They
used a focus group of young people to identify which public service
announcements were the most effective.

The toolkit will a valuable resource for local engineers, teachers, law
enforcement and others who are working to improve road safety by
reducing unsafe driver behavior. The Minnesota Local Road Research
Board, Minnesota Towards Zero Death Initiative and others are actively
promoting the toolkit at conferences and through their publications.

Please find a flyer for the project attached. Follow the weblink for the
toolkit and other materials.

Project Information

High Value Research Title

Project Number
Project Cost
Project Duration
Web link

Research-Based Approach Helps Double Farmer Participation in Snow
Control Program

2015-21
$65,925
25 months
Link
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Submitter
Submitter Agency Minnesota Department of Transportation

Shannon Fiecke MnDOT Research Services & Library Minnesota
Department of Transportation 395 John Ireland Blvd., Mail Stop 330 St.
Paul, MN 55155 (651) 366-3738 shannon.fiecke@state.mn.us

Submitter (Name, Address,
Phone, Email)

Research Program

No data entered for this section

Research and Results

A web-based tool that allows transportation agencies to determine the
value of land for snow control measures has helped MnDOT double the
number of farmers protecting winter roadways with standing corn rows.

The Living Snow Fence Payment Calculator calculates which sites have
the physical
characteristics and crash history to warrant snow fence payments and the
amount that
would attract landowner participation. Agencies can help keep roads
clear of drifting snow by paying landowners to plant trees, shrubs or corn
rows as windbreaks at problem locations.Research has shown these
living snow fences can reduce snow and

Brief Summary of the ice-related crashes by up to 40 percent.

Research Project and

Impact, or Potential Impact, A previous research project developed an Excel spreadsheet version of

of Implementing Research  the Living Snow Fence Payment Calculator Tool. This research

Results implementation project created a mobile-friendly Web version of the
tool; after several training sessions with MnDOT and county staff,
standing corn row landowner contracts more than doubled, from 17 to
43.

MnDOT is using this web-based tool along with other promotional aids
to further expand the Living Snow Fence program. Try it at
snowcontroltools.umn.edu

(See story at
http://www.newsline.dot.state.mn.us/archive/15/May/27.html; Video
about this project at
https://www.youtube.com/watch?v=KyMO0ehBD1Co)

Project Information

High Value Research Title  New Lab Test Leads to More Crack-Resistant Asphalt Pavements
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Project Number LAB2012

Project Cost
Project Duration 33 months
Web link Link

Submitter
Submitter Agency Minnesota Department of Transportation

Shannon Fiecke MnDOT Research Services & Library Minnesota
Department of Transportation 395 John Ireland Blvd., Mail Stop 330 St.
Paul, MN 55155 (651) 366-3738 shannon.fiecke@state.mn.us

Submitter (Name, Address,
Phone, Email)

Research Program

No data entered for this section

Research and Results

This pilot project continued the work of two phases of a national pooled
fund study (available as MnDOT reports 2007-43 and 2012-23) that
recommended the disk-shaped compact tension (DCT) test to predict
asphalt pavement cracking at low temperatures and to adjust pavement
mixes to reduce cracking.

In Minnesota’s first effort to use the DCT test to reduce low-temperature
cracking in MnDOT pavement projects, researchers performed the test
on five asphalt construction projects and used the results to adjust the
mixes of three pavements that did not meet minimum fracture energy
standards.

Brief Summary of the
Research Project and
Impact, or Potential Impact,
of Implementing Research
Results

This pilot project represented the first attempt to use the DCT test to
measure the fracture

properties of mixes used on actual construction projects rather than mix
designs

and to adjust the mixes if they did not meet required fracture energy
values.

MnDOT is conducting additional pilot testing of the DCT test this year
and expects to roll out a wider-scale implementation of the DCT test
next year.

In the short term, the DCT test is likely to be performed by MnDOT on
its own construction

projects. But a long-range goal is to expand its use to local agency
projects as well.
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MnDOT is evaluating how to add DCT testing requirements to contracts.
The agency will also need to determine which types of projects are best-
suited for DCT testing—Iikely new construction and reconstruction
projects, but not overlays.

The application of the DCT test is expected to extend pavement service
life of roads by 3.5 years. Over a ten-year period, this is estimated to
produce a $9.5 million savings from the increased service life of
constructed or reconstructed state highways and another $1.3 million in
reduced crack sealing.

Find links to report, technical summary and other materials about the
pilot project with the project web link below.

VIDEOS ABOUT DCT TEST

DCT Test Sample Preparation tutorial:
https://www.youtube.com/watch?v=7gLU83b6eSs&feature=youtu.be

Public education video about DCT Test:
https://www.youtube.com/watch?v=Gil3wm4ybO8

Project Information

High Value Research Title
Project Number

Project Cost

Project Duration

Web link

60-Year Concrete Design Performs Well in Early Tests
LAB878-1

$113,300

74 months

Link

Submitter

Submitter Agency

Submitter (Name, Address,
Phone, Email)

Minnesota Department of Transportation

Shannon Fiecke MnDOT Research Services & Library Minnesota
Department of Transportation 395 John Ireland Blvd., Mail Stop 330 St.
Paul, MN 55155 (651) 366-3738 shannon.fiecke@state.mn.us

Research Program

No data entered for this section

Research and Results

Brief Summary of the

Concrete pavements designed to last for 60 years were first introduced in
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Research Project and
Impact, or Potential Impact,
of Implementing Research
Results

Missouri (4)

Minnesota about 15 years ago. Since then they have become a standard
design for the busiest highways in the metro area. These 60-year
pavements use high-quality materials and aggregates along with better
construction techniques to extend pavement life over previous designs,
which were typically intended to last 30 to 35 years.

The goal of this project was to extrapolate the performance of 60-year
concrete pavements based on data from a 7-year-old test cell at
MnROAD. Sensors were embedded in the pavement during construction
to augment performance testing and strain monitoring.

Researchers conducted a series of tests on the test cell. They found that
stress levels within the pavement were significantly lower than in the
traditional 35-year designs at a similar point in their service life, which is
strong evidence that the 60-year pavement will achieve its intended
service life.

One potential improvement to the 60-year pavement design that has been
proposed is

improved drainage of bases, which can help to reduce damage at
concrete joints. Initial

research has suggested that geocomposite joint drains may improve base
layer drainage

without making the base layer thicker; MnDOT has already implemented
these into

pavement designs.

The 60-year concrete design uses stainless steel-clad dowel bars to
transfer loads across

pavement joints. Since the design was introduced, several other high-
performance dowel

bars have been introduced. The performance and relative cost of these
options may warrant further investigation.

Project Information

High Value Research Title

Project Number
Project Cost
Project Duration
Web link

Transportation Library Connectivity and Development Pooled Fund
TPF-5(237)

TPF-5(237)

$1,525,285

52 months
http://libraryconnectivity.org/
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Submitter

Submitter Agency Missouri Department of Transportation

Submitter (Name, Address, Bill Stone Missouri Department of Transportation P.O. Box 270
Phone, Email) Jefferson City, MO 65102 573.526.4328 william.stone@modot.mo.gov

Research Program

Sponsoring Agency Name  Missouri Department of Transportation

Sponsoring Agency Contact
(Name, Address, Phone, P.O. Box 270 Jefferson City MO USA 65102
Email)

Research and Results

Traditionally, a small group of libraries have been responsible for
providing information service within the transportation community to
support practitioners and decision-makers. This Transportation Pooled
Fund (TPF), with Missouri Department of Transportation as lead state,
was developed to support and evaluate collaborative library
development.

Supporting the work of the previous study TPF-5(105), this study
accomplished its goals of 1) operating a functional library consortium
and 2) enhancing existing efforts to develop a national transportation

Brief Summary of the information infrastructure using Transportation Knowledge Networks

Research Project and (TKNS) within the parameters of the pooled fund program.

Impact, or Potential Impact,

of Implementing Research  Members enjoyed the traditional benefits of a typical library consortium

Results including increased access to subscription information resources through
group discounts, training and professional development opportunities,
increased networking and resource sharing, outreach assistance and
technical library services support. Collaboration among consortium
members allowed for shared problem solving, resource access, as well as
time and cost savings through best practices, defrayed costs and
collective purchasing power. In addition, the study provided products
and solutions to fill needs within the transportation research and
information community.

Please also see attachments.

Project Information
High Value Research Title  Evaluation of Finger Plate and Flat Plate Connection Design

Page 55 of 65



Project Number TR201506

Project Cost $297,289
Project Duration 14 months
Web link http://library.modot.mo.gov/RDT/reports/TR201506/cmr16-008.pdf

Submitter
Submitter Agency Missouri Department of Transportation

Jennifer Harper Missouri Department of Transportation 1617 Missouri
Boulevard P.O. Box 270 Jefferson City MO USA 65102 573.526.3636
jennifer.harper@modot.mo.gov

Research Program

Sponsoring Agency Name  Missouri Department of Transportation

Submitter (Name, Address,
Phone, Email)

Sponsoring Agency Contact
(Name, Address, Phone, P.O. Box 270 Jefferson City MO USA 65102
Email)

Research and Results

MoDOT recently observed earlier than expected distress of its finger
plate and flat plate expansion device connections on structures with high
traffic volumes. Although this distress seems to be a common
occurrence, there appeared to be no consistent mode of failure as
sometimes the damage results in an anchorage spall and other times with
weld failures in the plate itself. This early life damage results in costly
and difficult repairs which must be accomplished quickly to minimize
impact on traffic. Additionally, these repaired expansion devices often
end up with similar early distress. The objective of this project was to
learn the cause(s) of premature deterioration of MoDOT finger plate and
Brief Summary of the flat plate expansion devices under high traffic volumes and then use that
Research Project and information to design a new Load and Resistance Factor Design (LRFD)
Impact, or Potential Impact, finger plate and flat plate design that is intended to last 40 years or more
of Implementing Research  with minimal maintenance. In addition, repair and replacement best
Results practices and details were developed as part of this project.

Testing of the flat plate device revealed significant stresses build in the
sliding plate due to the differential movements of the abutment and
bridge span. For more important or high volume routes, a new robust
finger plate expansion device, designed and evaluated with the Finite
Element Models (FEM), is intended for use as an alternate to Modular
Expansion Device Systems and the current standard finger plate design.
For less important routes with lower traffic volumes, improvements for
the existing finger plate expansion device design were recommended.
Existing flat plate expansion device designs were modified to include
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adjustability of the device prior to concrete placement. Repair and
retrofit best practices and details that can be implemented without
concrete deck removal were developed for existing expansion devices.
The new designs accommodate a wide variety of superstructure sizes,
configurations, from 4 to 16 inches of movement, and from 0 to 60
degree skews when used with steel girders. The new devices and device
modifications were developed using infinite fatigue life criteria to exceed
a design life of 40 years.

Please also see attachments.

Project Information

High Value Research Title  Evaluation of Resistivity Meters for Concrete Quality Assurance

Project Number TR201414

Project Cost $60,001

Project Duration 51 months

Web link http://library.modot.mo.gov/RDT/reports/TR201414/cmr16-001.pdf
Submitter Agency Missouri Department of Transportation

Jennifer Harper Missouri Department of Transportation 1617 Missouri
Boulevard P.O. Box 270 Jefferson City MO USA 65102 573.526.3636
jennifer.harper@modot.mo.gov

Research Program

Sponsoring Agency Name  Missouri Department of Transportation

Sponsoring Agency Contact
(Name, Address, Phone, P.O. Box 270 Jefferson City MO USA 65102
Email)

Research and Results

Concrete permeability is the single biggest factor controlling long-term
durability of both plain concrete and reinforced concrete structures.
Brief Summary of the However, traditional permeability testing is destructive, time consuming,
Research Project and and expensive. This study developed appropriate test protocols for
Impact, or Potential Impact, implementation of the surface resistivity test method as a quality
of Implementing Research  assurance tool for new construction and for evaluation of existing
Results structures in Missouri.

Submitter (Name, Address,
Phone, Email)

This research evaluated a series of MoDOT concrete mixtures to verify
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existing relationships between surface resistivity (SR), rapid chloride
permeability (RCP), chloride ion diffusion, and the AASHTO
penetrability classes. The research also performed a precision and bias
evaluation to provide acceptable limits should SR be implemented for
quality assurance and to refine language in the AASHTO test standard.
In the precision and bias determination concrete was produced from
three field sites and tested at both UMKC and MoDOT labs. Field
mixtures included a paving mixture, a bridge deck mixture, and a
structural mixture. Eleven other mix designs were produced in the lab
and evaluated for RCP correlation and included paving, bridge deck,
structural, and repair mixtures per Missouri Department of
Transportation requirements. Additional testing included surface
resistivity testing on sealed samples and an existing bridge deck.

Results showed excellent correlation between SR and RCP which
matched existing relationships provided by AASHTO and other state
DOTSs. The structural mixture containing 50% Class F fly ash had the
best performance with "very low" chloride ion penetrability at 90 days.
A ternary paving mixture with 20% Class C fly ash and 30% slag
replacement for cement also demonstrated low permeability as well as
high compressive strength with an average value of over 9,000 psi at 90
days. The two repair mixtures showed moderate to low penetrability
readings and high early strength consistent with their desired purpose.
Tests were also performed on a series of slab samples to evaluate SR as a
tool for evaluating sealer application. The presence of silane and lithium
silicate were able to be detected by the SR test.

The extensive amount of surface resistivity testing (>4500 tests) on 14
concrete mixtures at ages from 3 hours to 90 days using multiple labs,
equipment, operators, and curing conditions has verified RCP
relationships and allowed refinement of a testing procedure for a
MoDOT standard in the Engineering Policy Guide.

Surface resistivity presents an opportunity to improve MoDOT concrete
mixtures and specifications to increase durability without adding
significant additional testing costs. Resistivity testing is currently the
single simplest and lowest cost technique available to improve concrete
lifecycle. Missourians will benefit from this project through better
quality, lower permeability concrete which will increase concrete
lifecycle, reduced durability distresses and required reconstruction.

Please also see attachments.

Project Information

High Value Research Title  Polyurethane Foam Infill for Fiber-Reinforced Polymer (FRP) Bridge
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Deck Panels

Project Number TR201203

Project Cost $120,000

Project Duration 32 months

Web link http://library.modot.mo.gov/RDT/reports/TRyy1203/cmr14-016.pdf

Submitter

Submitter Agency Missouri Department of Transportation

Bill Stone Missouri Department of Transportation 1617 Missouri
Boulevard P.O. Box 270 Jefferson City MO USA 65102 573.526.4328
william.stone@modot.mo.gov

Research Program

Sponsoring Agency Name  Missouri Department of Transportation

Sponsoring Agency Contact
(Name, Address, Phone, P.O. Box 270 Jefferson City MO USA 65102
Email)

Research and Results

The objective of the proposed research was to develop, test, and evaluate
fiber-reinforced, polyurethane foams to replace the costly honeycomb
construction currently used to manufacture FRP bridge deck panels. The
effort focused on developing an FRP sandwich panel to replace the
precast, stay-in-place forms currently used to construct reinforced
concrete bridge decks.

Submitter (Name, Address,
Phone, Email)

Brief Summary of the As a result of the study, the research team recommends proceeding with

Research Project and the Type 3 (PRISMA FOAM) sandwich panel as a cost-effective, full-

Impact, or Potential Impact, depth alternative to reinforced concrete bridge decks or as a partial-

of Implementing Research  depth, stay-in-place form to replace the current recast panels used to

Results construct reinforced concrete bridge decks. To facilitate this
implementation, additional work is required in order to develop the
design methodology and construction details necessary to implement
FRP deck panels on an actual bridge, addressing issues such as panel-to-
panel connections, panel-to-girder connections, bridge skew, roadway
crown, bridge rail attachment, and deck drainage.

Please also see attachments.
Ohio (4)
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Project Information

Evaluation of the Effectiveness of Salt Neutralizers for Washing Snow

High Value Research Title and Ice Equipment

Project Number 134718

Project Cost $184,758

Project Duration 16 months

Web link

Submitter Agency Ohio Department of Transportation

Submitter (Name, Address, Cynthia Jones 1980 West Broad Street, MS 3280 Columbus, OH 43223
Phone, Email) 614-466-1975 Cynthia.Jones@dot.ohio.gov

Research Program

No data entered for this section

Research and Results

See attached fact sheet.

In winter maintenance, the chloride-based deicers used to keep roadways
clear of
snow and ice are highly corrosive to vehicles and equipment. Corrosion
of snow and ice equipment is a major issue causing increased
maintenance and repair costs, reduced vehicle life, and increased vehicle
downtime. Statistics show that road salt causes approximately $1500/ton
of damage to vehicles, bridges, and the environment. Washing of winter
maintenance equipment after exposure to ice control chemicals has been
Brief Summary of the suggested as one possible solution to minimize corrosion. However,
Research Project and washing with soap and water has been shown to be insufficient in
Impact, or Potential Impact, removing residual salt from winter maintenance vehicles. Treating
of Implementing Research  winter maintenance equipment with salt neutralizers, used in a variety of
Results household and industrial applications, has been shown to prevent
corrosion.

Although the consensus points to the need for a reliable and easy to
implement corrosion prevention strategy, at present there is not sufficient
information available to determine the effectiveness of different wash
systems at preventing corrosion. As the corrosion reduction data of salt
neutralizer solutions on bare and coated metal surfaces is lacking, a
systematic study has been carried out to provide quantitative
information. A parallel study of six commercially available salt
neutralizers is carried out for comparison. Analysis of the salt neutralizer
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solutions was carried out using contact angle, Ultra Violet-visible
spectroscopy (UV-vis), and Scanning Electron Microscopy iii imaging
(SEM). Corrosion inhibition for several metals treated with salt
neutralizer was determined using potentiodynamic measurements and
accelerated weight loss analysis (ASTM B117). When considering the
effects of corrosion on winter maintenance equipment, it is important to
study not only steel but also various “soft metals” (copper, aluminum,
brass, etc.) that can be found in the wiring and other parts of the fleet.
Electrical Impedance Spectroscopy and visual inspection were used to
determine the ability of coated metal samples to prevent corrosion. A
cost benefit analysis was completed to determine what specific
conditions directly impact the cost effectiveness of corrosion prevention
strategies.

Project Information

High Value Research Title  Plow Blade Optimization

Project Number 134817

Project Cost $172,218

Project Duration 24 months

Web link

Submitter Agency Ohio Department of Transportation

Submitter (Name, Address, Cynthia Jones 1980 West Broad Street, MS 3280 Columbus, OH 43223
Phone, Email) 614-466-1975 Cynthia.Jones@dot.ohio.gov

Research Program

No data entered for this section

Research and Results

See attached fact sheet.

Snow plow blades are bolted to a snow plow, and are the component of
the plowing system that makes contact with the roadway surface.
Changing plow takes time, and can be dangerous, so this research
compared the cost-effectiveness of using specialty blades compared to
the costs for using ODOT’s current flame-hardened steel blade (standard
blade) and procedures for replacing these standard blades. Two years of
measurements and data were evaluated and the researcher found an
average savings of $778 per PolarFlex blade and $426 per XL Classic
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blade implemented in place of a standard blade. ODOT staff is using this
information in determining which blades are appropriate for use in their
plowing operations.

Project Information

Evaluation of Alternative Methods of Temporary Traffic Control on

High Value Research Title Rural, One-Lane, Two-Way Highways

Project Number 134846

Project Cost $225,753

Project Duration 16 months

Web link

Submitter Agency Ohio Department of Transportation

Submitter (Name, Address, Cynthia Jones 1980 West Broad Street, MS 3280 Columbus, OH 43223
Phone, Email) 614-466-1975 Cynthia.Jones@dot.ohio.gov

Research Program

No data entered for this section

Research and Results

See attached newsletter and Technology Tomorrow tech brief.

We assessed the state-of-the-practice for alternative methods for rural,
one-lane, two-way temporary traffic control for maintenance operations,
conducted field studies, compared agency costs and benefits, and
conducted a motorist delay analysis. Based on the findings of this
research, the research team recommended that the Ohio Department of
Brief Summary of the Transportation (ODOT) use red/yellow lens automated flagger assistance
Research Project and devices (AFADs) and portable traffic signals (PTSs), when appropriate,
Impact, or Potential Impact, to control traffic approaching the one-lane section of a two-lane
of Implementing Research  highway. AFADs are most suitable for short-term stationary operations
Results that last a few hours up to one day. Due to their smaller size, AFADs are
best suited for narrow roadways with limited to no shoulders. As the
work duration increases, PTSs become a viable option. Due to the
additional time it takes to deploy and setup PTSs, the work activity
should last at least a half a day. Due to their larger size, PTSs are best
suited for higher volume roadways with shoulders and relatively flat side
slopes. Traditional flagging procedures should still be used at
maintenance operations where these devices are not suitable due to work
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duration or other site/work characteristics.

Project Information

High Value Research Title  Development of Strategic Enterprise Architecture Design for ODOT

Project Number 134756

Project Cost $529,980

Project Duration 17 months
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Research Program

No data entered for this section

Research and Results

See attached fact sheet.

The objective of this research was to develop a strategic enterprise
architecture design for ODOT. To accomplish this task, the researcher
(1) completed an analysis and documented the “as is’ organization wide
business processes and supporting information systems architecture at

Brief Summary of the ODOT, and

Research Project and (2) made recommendations for a "to be’ future state business process and

Impact, or Potential Impact, information system architecture. Based on the analysis,

of Implementing Research  recommendations were provided for appropriate governance

Results mechanisms and change management procedures.
FHWA Division Office was very pleased by the concept, development
and engagement in this project. Other states have requested information
on this unique research project. The recommendations are being
implemented through the Technology Council created in early 2015 and
through the development of an integrated system "OAKS PLUS" to
manage much of the DOT business.

Wisconsin (1)
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Research and Results

Several years ago, the Wisconsin Department of Transportation changed
the bridge approach slab design from a system with one expansion joint
to a system that had three expansion joints. The reason for this change
was to protect both the pavement and the bridge from differential
expansion and contractions. Unfortunately, constructability of the three-
expansion joint detail (SDD 13B2) was proving difficult in the field. In
the years since making the change, a new detail emerged for use on
Interstates and US Highways, with one expansion joint and approach
slab footing (Bridge Standard 12.10, 12.11). The objectives of this
research project were to provide WisDOT with guidance regarding the
use of either three-expansion joint approach details or single-expansion
joint approach details, and to determine if the three-expansion joints
were needed to provide relief, or if the new design with one joint would
improve the constructability and performance of approach slabs. In order
to fulfill these objectives, the investigators examined previous studies
completed with respect to approach design and construction. In addition,
researchers conducted field investigations of 12 WisDOT bridges, which
included both single- and three-expansion joint designs. A review of
current approach design and construction practices of other Midwestern
states showed that most were similar to the practice of using Bridge
Standard 12. However, there was less consistency when comparing the
standards for subbase/backfill drainage and required reinforcement.

Brief Summary of the
Research Project and
Impact, or Potential Impact,
of Implementing Research
Results
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The researchers’ notes from the field investigations highlighted that the
three-expansion joint detail required additional attention to the subbase
preparation and condition in order to achieve satisfactory performance.
This design was also susceptible to potential cracking and/or differential
settlement at the joints, which affects rideability and increases required
maintenance activities. As for the single-expansion joint detail, frequent
cracking on the approach slab led researchers to recommend that the slab
design be revisited to ensure proper sizing on future projects. The
researchers also noted that both WisDOT’s use of an approach slab
footing at the joint between the mainline pavement and approach slab,
and use of polyethylene sheeting between the approach slab and
supporting materials, should be continued. A recommendation was made
for WisDOT engineers to pay extra attention to the abutment backfill and
approach support materials on future construction projects to mitigate
potential differential settlement through improved compaction, reduced
erosion and use of alternative materials. One of the key findings of this
research project suggested that the expansion and contraction
requirement did not seem to warrant the use of multiple expansion and
contraction joints. This finding has since been implemented by
WisDOT's Division of Transportation System Development to
streamline the design process from two different construction systems
and methods to one.

A project brief can be found at: https://dot-auth-
prod.wi.gov/documents2/research/WisDOT-WHRP-project-0092-14-04-
brief.pdf
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