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Celebrating 45 Years— and Revving Up for the Future
The Center for Transportation Research has been operating for 45 years at the University of Tennessee. It is an internationally recognized center of innovation with more than $10 million in sponsored research under contract. It plays a critical role in supporting the Tickle College of Engineering’s continuing education of the state’s future transportation professionals.
Since 1972, CTR has: led 650 sponsored projects, been awarded $150 million, and worked with 182 sponsors.
In December of 1970, the University of Tennessee signed a Memorandum of Agreement with the Tennessee Department of Transportation (known at that time as the Department of Highways) to establish the Center for Transportation Research. The intent was for “the University, acting through the Transportation Center, to work in concert with appropriate agencies of State government to aid and assist in matters involving the total transportation needs of Tennessee.” 
CTR was founded at the university because UT wanted to give the state a comprehensive transportation research and advisory service for all modes and aspects of transportation. For 45 years, this foundation has given CTR access to UT academic programs interested in conducting transportation research. Because of this access, we have been able to build enduring connections with the multitude of disciplines that inform transportation safety. 
By 1972, CTR was in full operating mode and, in accordance with that MOU, improving the state of safe transportation in Tennessee. Our first tasks were to develop guides, manuals, and operating policies and procedures to ensure a modern and integrated highway network, both urban and rural, that can accommodate all highway travel in a safe, efficient, and economical manner. We have been building on these ever since. Early on, CTR aided in Tennessee’s adoption of the child passenger restraint laws. This led to many improved traffic safety laws. 
Mission, Vision, Values 
Our center mirrors UTK’s land grant mission to provide education, research, and public service. In pursuit of these mandates, we created our values, mission, and vision statement: 
CTR is dedicated to excellence and integrity in providing effective transportation solutions through research. Our mission is to harness the full resources of the University of Tennessee in the conduct of transportation research; develop and educate the transportation workforce; and assist and advise operators and users of the transportation system. Our vision is to be recognized for excellence in university-based transportation research, education, and service. 
These principles will carry CTR far into the future. The next 45 years will be exciting!
To CTR’s Stakeholders
I am pleased and proud to present this annual report. It summarizes the activities and accomplishments of the Center for Transportation Research during our 45th Anniversary year at the University of Tennessee. In this span of five decades, CTR has become an internationally recognized center of innovation, with more than $10 million in sponsored research under contract. CTR plays a critical role in the Tickle College of Engineering’s training of Tennessee’s future transportation professionals. 
CTR’s longevity has fostered many cooperative, cross-discipline, cross-institutional, and cross-cultural relationships that are essential to our productivity. The nature of transportation work requires us to combine expertise from engineering, economics and supply-chain management, geography, law, health care, and other related disciplines. This fundamental need is reflected in the interdisciplinary makeup of CTR’s internal faculty and resources (engineers, geographers, planners, and economists) and is further addressed by our numerous interdisciplinary partnerships, such as our CTR Fellows Program.  
The movement of people and things is an essential human activity. This can be as complex and modern as the simultaneous movement of 20 million shipping containers, or as simple and timeless as walking from Point A to Point B. Moreover, the ubiquitous need for transport means that we are all stakeholders with interdependent transportation interests, and that very little of our inhabited environment can be isolated from ongoing transportation activity. In this way, transportation is the most public of all activities. 
For 45 years, CTR has built its successes upon academic collaborations, delivered top-notch research results, furthered the careers of students and faculty, and improved how our state and nation moves people and goods safely and efficiently. We look forward to at least another 45 years of pushing the transportation boundaries. 

That is why CTR exists. 
David B. Clarke, Director
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Celebrating the Future of Transportation 
“CTR should be recognized and celebrated because it is really the model of what is absolutely necessary in our nation and in our state to solve the problems of today.” 
· Dr. Robert Nobles, Interim Vice Chancellor for Research and Engagement 

On November 1st, 2017 the Center for Transportation Research celebrated its 45th Anniversary. Staff members, students, friends, and associates from across Tennessee shared a comprehensive program led by CTR’s director, Dr. David Clarke. Dr. Clarke highlighted CTR’s commitment to multidisciplinary transportation research: By serving as the focal point for transportation research at the University of Tennessee, CTR brings experts from multiple engineering disciplines together with economists, planners, logisticians, environmental scientists, and other relevant specialists to provide timely information to federal, state, and local governments and the private sector. 
Dr. Clarke was joined by two former CTR directors, Dr. Kenneth Heathington and Dr. Stephen H. Richards. Dr. Wayne Davis, Dean of UT’s Tickle College of Engineering (TCE), and Dr. William Dunne, Associate Dean for Research and Facilities at TCE, acknowledged CTR’s importance to the Tennessee transportation community. Dr. Richards, who currently directs the Southeastern Transportation Center (STC), presented a history of CTR accomplishments ranging from its work to support pioneering legislation requiring the use of child safety seats in Tennessee to research on multimodal transportation and highway safety. 
Dr. Robert Nobles, Interim Vice Chancellor of Research and Engagement at the University of Tennessee, Knoxville, spotlighted the importance of CTR’s research and partnerships. Since its formation in the early 1970s, more than 50 CTR principal investigators have led approximately 650 sponsored projects. These projects brought the university more than $150,000,000 in awards from 182 unique sponsors. CTR’s top sponsors are the Tennessee Department of Transportation, the US Department of Transportation, and the US Department of Energy. Additionally, he recognized that three CTR staff members, Dr. Jerry Everett, Dr. Clarke, and Dr. Richards, are among UT’s largest recipients of funding.






Invited guest speakers included Commissioner David Purkey from the Tennessee Department of Safety and Homeland Security. Mr. Purkey discussed future concerns with cybersecurity for connected and automated vehicles. Deputy TDOT Commissioner Toks Omishakin cited CTR’s research efforts on behalf of TDOT in all transportation spheres, including planning, design, operations, maintenance and economic impacts. Mr. Omishakin pointed to TDOT’s increasing emphasis on Transportation Systems Management and Operations (TSMO) as multimodal strategies to maximize the efficiency, safety, and utility of existing and planned transportation infrastructure. Finally, Ms. Leslie Meehan, Director of Primary Prevention at the Tennessee Department of Health, discussed the department’s efforts to create livable, prosperous, and healthy communities across Tennessee by focusing on the built environment and opportunities for active transportation. To conclude the program, Dr. Clarke presented the 2017-18 CTR Fellows. The CTR Fellows Program recognizes existing partners and stimulates new connections with researchers across UT’s Knoxville campus. The latest fellows with their research interests are listed on page 10. A reception followed the technical program where attendees mingled and conversed with the UT students who presented their research in a poster session. 

“Since CTR’s beginning, we understood that its mission was not just about the College of Engineering; it was  about the University of Tennessee  and the State of Tennessee.” 
· Dr. Wayne Davis, Dean,  College of Engineering













Points of Pride 
In a year filled with notable accomplishments, the following achievements stood out for their impacts on transportation safety, scholarly publishing, and the communities we serve. 

Tax Policy Brief - CTR Supports Governor’s Highway Proposal 
In a January 2017 presentation to Tennessee Legislators, Dr. Mark Burton, CTR Director of Transportation Economics, laid out the options Tennessee has for funding its highway infrastructure. As Tennessee’s governor sought a workable solution to this issue, CTR provided historical data, compared Tennessee’s performance to other states, and created forward-looking alternatives for maintaining and improving safety and quality. Burton joined forces with Dr. Matthew Murray and Jilleah Welch of the Howard H. Baker Jr. Center for Public Policy, and Emily Pratt of the Boyd Center for Business and Economic Research to produce Policy Brief 5.16, Tax Policies and Alternative Revenue Sources: State Responses to Declining Purchasing Power of Roadway Funding. This report details insights into how other states are responding to funding challenges through tax policies and alternative revenue sources, including the strengths and weaknesses of these revenue mechanisms. 
ADA compliance - Tennessee Transportation Assistance Program (TTAP) 
A major success for TTAP this year concerns the Americans with Disabilities Act (ADA). In the past, local agencies have been required to provide ADA-compliant facilities and services only when using state or Federal funds. Now TDOT requires all local governments receiving these funds to appoint an ADA coordinator and publish an ADA grievance procedure. Most agencies are willing to perform self-evaluations and create or update transition plans, but they need guidance and detailed information. In response, TTAP helped local agencies conduct selfevaluations and develop transition plans. TTAP offered the ADA workshop, ADA Self-Evaluations/ Transition Plans and Overview of Elements of Public Right-of-Way Accessibility, taught by Dr. Ron Eck from the West Virginia LTAP center. 
#GetConvinced Teen Outreach Program 
Not buckled up? What’s holding you back? 
With the end of the CDC Nighttime Seatbelt pilot study drawing near, Associate Director Dr. Jerry Everett wanted to sustain the grant’s focus of increasing seatbelt use by young people. His solution was to request and obtain funding from Tennessee Highway Safety Office, whose primary mission is reducing fatalities on our roads. Dr. Everett and his team developed the #GetConvinced outreach program, aimed at teens aged 15-19. Studies show that car crashes are the leading cause of death for this age group. 
This grant allows CTR to bring the Arrive Alive with The Seatbelt Convincer program to area schools and events at no cost. 
Seatbelt Convincer reaches thousands of youth 
The #GetConvinced program has brought the UTK Seatbelt Convincer to more than 5,000 young people. The convincer simulates a 5-7 mph crash, demonstrating just how jolting even a low-speed impact is and how effective seatbelts can be. In 2016-17, CTR staff brought the convincer to area events attended by 16-32 year olds in Blount, Knox, Loudon, Roane, and Sevier counties. The Convincer made appearances at the Luke Bryan Farm Tour Concert at Maple Lane Farms in Greenback; UT Police Department’s Blue Light Special awareness campaign; local high school driving classes; law enforcement community events such as Blount and Alcoa’s law enforcement National Nights Out; and the press conference for Tennessee Highway Safety Office’s Seatbelts Are for Everyone launch. 
Cross-cutting Continuing Education: Rail Safety Workshop for Transit Workers 
Dr. David Clarke delivered a workshop on Railroad Track Inspection and Safety Standards that was customized for the Washington DC Metrorail Transit System (WMATA). Because federal track safety standards do not usually apply to transit systems, this version of the workshop was customized to meet specialized requirements to train transit system track inspectors and track supervisors. Dr. Clarke delivered individualized versions of this workshop for the Memphis Area Transit Authority and the San Francisco Bay Area Rapid Transit. 
Railroad Track Inspection and Safety Standards is CTR’s most popular railroad workshop; it addresses the basic principles of track inspection. Under new Federal training rule requirements, this workshop is the first in the nation to be FRA Part 243 certified. 
Journal of Transportation Safety & Security (JTSS) Indexed in Web of Science 
Founded in 2009, JTSS was indexed in Web of Science in 2016. Prior to the inception of JTSS, there were limited outlets for publishing research in the areas of comprehensive transportation safety or transportation security. JTSS fills that gap by emphasizing safety issues of multimodal transportation, including highway, transit, ride-sharing, pedestrian and bicycle modes as well as rail, water and aviation. The journal’s aim is to disseminate advanced research results and engineering experience to educators, researchers, practitioners, and policy makers to enhance transportation safety with comprehensive and integrated solutions. JTSS is an official journal of the Southeastern Transportation Center in partnership with the University of Tennessee and Beijing Jiaotong University. 


Visiting Scholars Program 
CTR established the Visiting Scholars Program in 2010, with one scholar, Dr. Binmin Liu, coming from Beijing Jiaotong University (BJTU). The second scholar was Dr. Chunjiao Dong, pictured right, also from BJTU. Dr. Dong now oversees this growing program, and she has increased the number of visiting scholars to 12 this year and increased our partner institutions by 80 percent. Through this program, CTR connects with different universities in China, and participants gain broader perspectives on both transportation and culture. CTR and UTK are gaining name recognition throughout China, especially with researchers, students, and officials. This increases the opportunities to develop new programs such as student exchanges, international summer schools, and professional training programs. 
Fuel Economy Guide
CTR staff at the National Transportation Research Center produce the nationally recognized Annual Fuel Economy Guide and the fueleconomy.gov website for the Department of Energy and the Environmental Protection Agency. The Fuel Economy Information Program meets the DOE’s statutory requirements to provide fuel economy information to the public. The program goal is to promote clean energy alternatives. 
FuelEconomy.gov provides comprehensive information about vehicle fuel economy. The official U.S. government site for fuel economy information, it is operated by the Department of Energy and the Environmental Protection Agency. The site provides access to general information, widgets to help car buyers, Top Ten lists of fuel-efficient cars, a trip calculator, and fuel economy datasets. Fueleconomy.gov is considered to be one of the most useful consumer sites on the internet. 
The program’s objective is to recognize and improve collaboration among faculty across the university who focus on transportation-related research. CTR Fellows play an active role in our center by providing new ideas and initiatives. CTR fosters a cross-disciplinary atmosphere because working together across departments is often the key to our success.








2017-18 CTR Fellows 
2017 marks the fourth year of the CTR Fellows Program. The 2017-18 class, pictured from left to right,  includes Dr. Qing “Charles” Cao, Associate Professor in TCE’s Department of Electrical Engineering and Computer Science; Dr. Rachel Chen, Director of the Center for Sustainable Business and Development in the Institute for a Secure and Sustainable Environment; Dr. Brad Collett, Associate Professor of Plant Sciences in the UT Institute of Agriculture; Dr. David “Butch” Irick, Research Associate Professor in TCE’s Department of Mechanical, Aerospace, and Biomedical Engineering; and Dr. Lance Saunders, Assistant Professor of Marketing and Supply Chain Management in the Haslam College of Business.

Research & Supporting Programs 
CTR provides research expertise in three major areas: transportation safety, transportation planning, and intermodal transportation and freight. This work benefits the region, the state, and the nation through our programs of education, workforce development, service, and community outreach. 
Our work touches many lives by improving safety on our highways and neighborhood streets. We help state and local agencies craft good transportation policy. We strive to understand the attitudes our citizens have toward transportation issues, and we educate drivers on safe practices. CTR brings transportation options to underserved populations. Our work promotes environmentally sound ways to move freight, and our workshops improve personnel safety in roadway work zones. CTR has expertise maintaining and improving transportation infrastructure, and assisting public and private transportation agencies to keep their staffs up-todate in industry methods, practices, and regulations. 
As an interdisciplinary research center, CTR brings together experts in civil, environmental, and industrial engineering; transportation and urban planning; logistics and supply chain management; economics; geography; and education. Through collaborative efforts, center researchers address technical and policy-related issues through traditional sponsored research. CTR conducts its activities with a combination of internal staff, faculty, and staff from other University of Tennessee departments, faculty and staff from other universities, and private-sector partners. CTR frequently partners with faculty and staff members and graduate students from the University of Tennessee’s Departments of Civil and Environmental Engineering, Industrial and Information Engineering, Geography, and Economics; research centers such as the Institute for a Secure and Sustainable Environment; and outreach and service programs, including the Municipal Technical Advisory Service, the County Technical Assistance Service, and the Center for Industrial Services. External university partners include Tennessee Tech University, the University of Memphis, and Vanderbilt University. 
This research and program activity is vital to the development of tomorrow’s transportation workforce. Our students fill positions in public transportation agencies and the organizations that serve these agencies. Sponsored research gives students exposure to real-world data and problem solving, providing valuable experience for the workplace and improving the effectiveness and tion of internal staff, faculty and staff from other appeal of the University’s academic programs.

Transportation Safety Research 
Three large-scale projects related to transportation safety were underway at CTR in 2017. Two of these began wrapping up this year: the $5.5 million Southeastern Transportation Center and the $1.2 million Centers for Disease Control and Prevention Nighttime Seatbelt Use pilot study. Also, CTR transitioned from a regional to a national transportation safety research focus this year by joining the Collaborative Sciences Center for Road Safety (CSCRS), funded by US DOT. CSCRS’s transportation safety focus aligns with CTR’s principles. 
Southeastern Transportation Center (STC) 
STC is a consortium of nine universities in US DOT Region 4. It is led by the Center for Transportation Research at the University of Tennessee. Under the theme of Comprehensive Transportation Safety, STC conducts and funds research that improves public safety and health by reducing transportation-related fatalities and injuries. Several STC projects were completed during this year, and others were recently funded. 
Major Research Initiatives wrapping up in 2017 
STC determined the scope of its Major Research Initiatives through a safety research needs assessment in our region. TDOT and the SASHTO research subcommittee assisted with this assessment. Based on this input, STC designed the following four projects to address common and high-priority regional needs, coordinating topics that were identified by US DOT modal administrators. 
· MRI 1. Crash Modification Factors and the Highway Safety Manual, Raghavan Srinivasan, Highway Safety Research Center, Coordinator 
· MRI 2. Integrated Simulation and Safety, Essam Radwan, University of Central Florida & Nikiforos Stamatiadis, University of Kentucky; Co-Coordinators 


· MRI 3. Exploring Socio-Demographic Characteristics and Culture Factors in Differential Safety Performance across Geography, Shashi Nambisan, University of Alabama & Steve Polzin, University of South Florida; Co-Coordinators 
· MRI 4. Big Data for Safety Monitoring, Assessment, and Improvement, Asad Khattak, University of Tennessee, Coordinator 
Opportunity and Exploratory Grants initiated in 2017 
O&E Grants provide individuals or small groups of faculty and students the opportunity to engage in safety-related research within their areas of interest and expertise. These projects have transferred a significant amount of technology to the field of transportation safety. The 2017 O&E Grants are: 
· Connected and Automated Vehicles: What are the implications of partial adoption? Asad Khattak, University of Tennessee 
· Technology based risk mitigation strategies to improve older driver safety. Adam Kirk, University of Kentucky 
· Electric bikes in bikeshare systems and big data: opportunities to assess widespread safety and health. Chris Cherry, University of Tennessee 
· Development of a connected vehicle test bed on UT campus. Lee Han, University of Tennessee 
· Can you hear it now? A study of personal listening devices and pedestrian safety. Maranda McBride, North Carolina A&T State University 
· Disaster analytics: Disaster preparedness and management through online social media. Samiul Hasan, University of Central Florida 
· A scalable augmented reality testbed for automated and human-driven vehicle coordination experiments. Subhadeep Chakraborty, University of Tennessee

Centers for Disease Control & Prevention Nighttime Seatbelt Use Pilot Study 
CTR embarked on the third and final year of this study for the CDC. The study has been investigating nighttime seatbelt use by drivers and passengers on Tennessee’s highways. Whereas previous seatbelt awareness programs have helped the Tennessee Highway Patrol and other law enforcement agencies raise overall seatbelt use, this pilot has focused specifically on increasing nighttime seat belt use through outreach and marketing campaigns. Before-and-after-campaign surveys and roadside observations were conducted to gauge the campaign’s effectiveness. 


Surprisingly, many people who buckle up for daytime driving do not use seatbelts at night, especially younger drivers. To address this trend, CTR designed and implemented the Buckle Up Tonight to See Tomorrow media campaign aimed at young drivers. CTR staff flooded the area with radio and Pandora spots, social media, 30 second movie theater ads, billboards, yard signs, banners in high schools, T-shirts, and in-restaurants promotion via cups, coasters, and table tents. Driver Service Centers Surveys measured the before-and-after levels of awareness of saturation patrols and media campaigns. 
CrossFit Friday Night Lights: Why Wear Your Seatbelt?  It’s What the Tough Guys Do! 
According to data gathered through surveys in Tennessee, the people least likely to use seat belts are men aged 18 to 32, especially those who drive pickup trucks. To expose this population to the Buckle Up message, CTR partnered with 14 local CrossFit gyms to sponsor Friday Night Lights competitions that are part of the Reebok CrossFit Games Open qualifier. A large segment of CrossFit athletes fall into the campaign’s target demographic. Knoxville native and Professional CrossFit Games Athlete Alex Anderson agreed to be the face of the seatbelt campaign. As the 11th Fittest Man in the World for 2016, he knows the importance of buckling up. “I used to not wear my seatbelt, but one day it just clicked and I thought, ‘What am I doing? Why wouldn’t I take the time for something so simple when I spend so much time making other choices to better myself?’” 
Collaborative Sciences Center for Road Safety (CSCRS) National Safety Center 
In December of 2016, CTR joined this new National University Transportation Center. Led by the UNC Highway Safety Research Center, CSCRS unites leading transportation research, planning, public health, data science, and engineering programs at Duke, Florida Atlantic University, Cal Berkeley, UNC Chapel Hill, and UTK. 
CSCRS kicked off its research program with the funding of eight “Quick Start Programs.” Two CTR researchers, Drs. Asad Khattak and Chris Cherry, are principal investigators on two of these projects: Completing the Picture of Traffic Injuries: Understanding Data Needs and Opportunities for Road Safety (Cherry) and Advanced Analytics for Vulnerable Road User Scenarios (Khattak, co-PI with Noreen McDonald).






Transportation Planning 
CTR has the research experience and technical competency to forecast demographic and land use changes that indicate major growth corridors. We develop long-range plans for capital improvement; estimate the effects of proposed transportation system improvements; and develop financial plans to fund implementation and operation of transportation improvements. 
Our expertise lies in these areas of transportation planning: 
· Travel Demand Forecasting and Modeling 
· Traffic Operations 
· Geographic Information Systems 
· Infrastructure Finance 
· Land-Use Planning 
· Air Quality and Emissions Modeling 
· Community Level Planning 
· Active Transportation Planning and Outreach 
CTR Planning personnel created Access Management Design Guidelines for TDOT. These guidelines help TDOT personnel during the approval process of projects that require access to State Routes. The guidelines also describe best practices for corner clearances and median openings for TDOT projects. 
Planning researchers also conducted a Truck Ramp Parking Project for TDOT. Trucks parking on the shoulders of ramps pose a safety risk to drivers. This safety issue is weighed against the need for efficient freight movement and federal requirements for rest periods. 
Research for the Green Generates Green project supports TDOT’s Long Range Transportation Plan by looking at less costly transportation investments that will maximize TDOT’s financial investment. 

Tennessee Model Users Group (TNMUG) 
The Tennessee Travel Demand User’s Group provides a forum for practitioners to exchange information about travel demand modeling and forecasting. The goal is to improve modeling and forecasting capabilities in Tennessee. The group’s training efforts focus on a much smaller but more technically advanced audience of transportation modelers within TDOT’s Long Range Planning Division and the state’s 11 Metropolitan Planning Organizations. The group is a collaboration among Tennessee universities, TDOT, FHWA, MPOs, consultants, and other interested parties. 
The modeling group promotes standard statewide guidelines and validation standards, helps coordinate systematic data collection and processing, organizes and promotes staff member training, and conducts research on selected areas of interest to the group. 
Freight and Intermodal Transportation Research 
National University Rail Center (NURail) 
The National University Rail (NURail) Center is a consortium of seven partner colleges and universities dedicated to the advancement of North American rail transportation. The Center is headquartered at the University of Illinois at Urbana-Champaign and includes researchers and educators who are experts and national leaders in railway infrastructure, systems, and vehicles. 
The center’s overarching objective is to sustain and expand US freight railroad transportation safety, capacity, efficiency, and reliability, while also developing commuter and intercity passenger rail systems. The divergent needs of freight and passenger trains on shared corridors present complex infrastructure, rolling stock, operational, and institutional problems. NURail Center research investigates issues affecting railroad infrastructure, railroad vehicles, and railroad systems. 
CTR manages these NURail projects: 
· Laboratory Investigation of Steel Tie Performance, David Clarke and Baoshan Huang 
· Seismic Performance of Stone Masonry and Unreinforced Concrete Railroad Bridge Substructures, David Clarke and Z. John Ma 
· Assessment of Existing Railroad Bridges to Accommodate a Higher Speed Considering Chinese Practices, David Clarke and Z. John Ma 
· Lateral Impact of Railroad Bridges with Hybrid-Composite Beams, Richard Bennett and Z. John Ma 
· Development of New Damping Materials for Ballastless Trackbed and their Behavior under Mixed Traffic, David Clarke and Baoshan Huang 
· Evaluation of Terminal Capacity Models for Rail Freight Flow Analysis, David Clarke and Mingzhou Jin 
· Integrated Network Capacity Analysis for Freight Railroads, David Clarke and Mingzhou Jin 
· What is the Extent of Harm in Rail-Pedestrian Crashes? David Clarke and Asad J. Khattak 
· The Impact of Reduced Coal Consumption on the Southeastern Railroad Network, David Clarke and Mark Burton 

Freight Planning and Operations 
Goods are moved best when moved cleanly, cheaply, safely, and unobtrusively, causing as little interruption as possible to communities. Preserving and improving freight mobility in an era of increasing population densities, congested transportation networks, and uncompromising environmental standards is an immense challenge. CTR is rooted in the university’s enduring commitment to understanding freight transportation and educating new generations of freight industry professionals. 
Inland Waterways 
This past year, CTR partnered with Vanderbilt and the former CEO of Ingram Barge to complete an analysis of the effects of unanticipated lock closures, funded by the National Waterways Foundation. CTR economists completed waterway traffic forecasting on the Kentucky Lock and Chickamauga Lock for the US Army Corps of Engineers. They also completed a study for the Appalachian Regional Commission on the effects that decreasing reliance on coal has on freight transportation. These are lasting, structural changes that deeply affect the region.
CTR is one of the few university-based transportation research organizations with a strong focus on inland waterway freight transport via barge. Key staff members have decades of experience supporting federal policy makers, the U.S. Army Corps of Engineers, the Tennessee Valley Authority, and the barge industry. 
This navigation work involves waterway system components throughout the United States, primarily the Mississippi, Tennessee, and Cumberland Rivers. CTR helps communities throughout the state evaluate barge terminal opportunities, and works jointly with TDOT and the U.S. Army Corps of Engineers’ Nashville District to identify truck movements that could be diverted to waterways. 
CTR’s waterway research ranges from operational issues to national policy. CTR’s staff has the expertise to resolve issues tied to vessel type, f leeting activities and cargo transfer techniques. America’s inland waterways are among our oldest and most reliable means of moving both people and freight, accommodating roughly 560 million tons of freight annually. 
Intermodal Freight Systems 
Improving the ability to combine individual transport modes is at the forefront of state and federal policy and infrastructure discussions. Intermodal transportation is routinely cited as a key strategy for addressing roadway congestion, improving environmental outcomes, enhancing global connectivity, and spurring localized economic development. However, evaluating the desirability of individual intermodal projects requires a great deal of additional information. 
CTR experience in intermodal transportation includes terminal design, operations studies, demand forecasting, and benefit-cost analysis. Our project experience includes marine-rail, marine-highway, waterway-rail, waterway-highway, and rail-highway systems. These systems include both bulk and containerized cargos.

Workforce Development 
Over our 45 years, CTR has developed three continuing education programs to improve the capabilities of the staff and professionals who work in transportation. Through customized workshops and courses, CTR reached more than 2,460 people this year alone. 
The Tennessee Transportation Assistance Program (TTAP) provides direct technical assistance to Tennessee cities and counties on highway and traffic engineering issues. Their training workshops and short courses address the everchanging needs of transportation agency staff and professionals. TTAP offers a certificate program through the Tennessee Academy of Transportation Engineering (TATE) that is designed to fill the knowledge gaps of new graduates as they enter the workforce. The Traffic Signal Academy promotes best practices in signal timing procedures to help transportation agencies improve benefit-to-cost ratios by operating new or existing systems with greater efficiency. Rail courses provide education and training to the railroad industry in track inspection and safety standards, railroad security and vulnerability assessment, and advanced railroad track geometry, among other topics. 
TTAP 
The Tennessee Transportation Assistance Program is part of a nationwide Local Technical Assistance Program (LTAP) financed jointly by the Federal Highway Administration (FHWA), Tennessee Department of Transportation (TDOT), and the University of Tennessee. TTAP moves innovative transportation technologies and practices into the hands of the men and women charged with maintaining Tennessee’s local roads and bridges. TTAP assists city and county staff in solving transportation related problems and strives to be the prime resource in developing and transfering technologies, proven solutions, and reliable services to resolve the transportation challenges facing local governments. TTAP improves the state of Tennessee’s workforce through continuing education, workshops, and technical assistance. We maintain a library of videos, publications, and reference materials to lend to transportation agencies in Tennessee. 



Traffic Signal Academy 
As they face limited fiscal resources, agencies at all levels must find ways to optimize available technology while applying innovative concepts to systems already in place. To aid in solving this problem, the Traffic Signal Academy courses present academic research findings and established best practices in signal timing procedures and policies. This reliable information can help improve benefit-to-cost ratios by operating new or existing systems with greater efficiency. 
Rail Courses
CTR’s expertise in railway transportation is nationally recognized. We are a member of the National University Rail Transportation Center (NURail) consortium, led by the University of Illinois at Urbana-Champaign. NURail is the only federally funded rail oriented university transportation center. In conjunction with the University of Tennessee’s Department of Civil and Environmental Engineering, CTR provides college courses in railway engineering. CTR also has one of the few university-based continuing education programs oriented to professionals in the rail industry and related public sector agencies. Course attendees come from throughout North America.

Education 
CTR supports and advances transportation education at all levels. Over the years CTR has funded more than 1,800 graduate and undergraduate students at UT, involving these students in research to prepare them to enter the transportation workforce and address transportation’s most critical and emerging needs. 
K–12 efforts use transportation concepts in math and science curriculum development, teacher training, and interactive content development for iBooks. The Federal Transit Administration funded CTR’s project, Transit: Your Ride to the Future. This program targeted young people and introduced them to public transit in our region. Outreach included Transit Days, held at Knox County public elementary schools, and a calendar art competition for K–12 students. 
Service & Community Outreach 
Tennessee Vans (TN Vans)
Tennessee Vans is a unique social business enterprise. The Tennessee Vans program was initiated in 1990 as a continuation of TDOT’s supportive role in the development of van transportation services in Tennessee. 
Tennessee Vans is a human mobility system designed to address the changing nature of mobility needs and the growing demands for transportation resources among a diverse population in Tennessee. Tennessee Vans works in partnership with community agencies that provide services to persons with disabilities, recovery program participants, youth, seniors, and many others. The program provides vehicles and associated services to community agencies. The characteristics that distinguish Tennessee Vans from other mobility approaches are its flexibility to meet diverse mobility needs and to fill mobility gaps that exist across the state. 
Judicial Outreach Liaison (JOL) program 
Through the National Highway Transportation Safety Administration (NHTSA) and the Tennessee Highway Safety Office (THSO), Tennessee has added the Judicial Outreach Liaison (JOL) program. CTR’s Associate Director, Dr. Jerry Everett, is the principal investigator for the program. Judge Leon Burns, formerly the Criminal Court Judge for the Thirteenth Judicial District, is the Liaison for Tennessee. In this role, he provides education, training, and technical assistance to judges and court staff throughout the state. Judge Burns supports both judges and court personnel to improve community outreach, provide quality education, and promote confidence and trust in the judiciary. The program goal is to assist NHTSA in reducing the annual highway traffic fatality rate to no more than 1.0 deaths per 100 million vehicle miles of travel. 

Technical Assistance
Assisting State and Local Agencies 
CTR gives technical assistance and training in transportation planning for the TDOT Long Range Planning Division’s Office of Community Transportation in these areas: major thoroughfare planning in Tennessee’s counties; state-aid programs for locally maintained roads in Tennessee; revising urban and urbanized area boundaries; and evaluating roadway efficiency software to determine the existing and future capacity of any roadway in the state. 
In 2017, TTAP offered three workshops, addressing the Americans with Disabilities Act (ADA) Self-Evaluations/Transition Plans and Overview of Elements of Public Right-of-Way Accessibility. The classes provided guidance through the self-evaluation process, outlined elements of a successful, compliant transition plan, and gave examples of the types of infrastructure issues that agencies must address in this process. 
Working with the City of Knoxville, TTAP created the Education Toolbox for a Neighborhood Traffic Safety Program. This toolbox supports a neighborhood-led, neighborhood-centric education campaign. The goal of this outreach campaign is to slow traffic through residential areas. Neighbors use the toolbox to create and manage a neighborhood outreach effort to make residents and pass-through drivers aware of the need for slower speeds. 
TTAP aided in planning the Knoxville Neighborhood Traffic Safety Program Education Plan (NTSP). Developed jointly with the City of Knoxville Engineering Department, Police Department, and Office of Neighborhoods, NTSP is a comprehensive approach to neighborhood concerns about speeding. The program includes enforcement, education and traffic calming measures such as speed humps and traffic circles. 
The City of Morristown worked with TTAP to assess more than 60 miles of municipal sidewalks. Together, they developed a web-based GIS tool that allows inspectors to record ADA compliance and sidewalk condition information. 

Technology Transfer 
Advanced Transportation Technologies  Symposium 
On May 9, 2017 CTR’s Traffic Signal Academy and Rhythm Engineering presented the Advanced Technologies in Transportation Symposium at the National Transportation Research Center. This symposium brought together transportation professionals to highlight FHWA’s Every Day Counts efforts on Automated Traffic Signal Performance Measures and recent advancements and challenges in Connected and Automated Vehicle technology. 
Top experts in the transportation industry, including Carl Andersen (FHWA Connected Vehicle Program Manager), Randy Iwasaki (former director of CALTRANS and current director of Contra Costa Transportation Authority),  Jesse Manning (Rhythm Engineering) and Dr. Jeff Price (GRIDSMART) shared their insights on the future of traffic technology and how these technologies may affect the industry. 
A group of 50 attendees representing FHWA, TDOT, and transportation agencies in Tennessee, California, Colorado, Massachusetts, Kansas, and Florida participated in the meeting. Dr. Airton Kohls leads Traffic Signal Academy for CTR.

O&E Grants Deliver New Technologies 
CAV - What are the implications of partial adoption?  Asad Khattak, PI 
In 2017, Dr. Khattak made substantial progress in developing an ad-hoc, behaviorally-based vehicle simulator using Matlab. However, this task has implicit limitations to simulate and visualize high density traffic for extended periods of time. After a deep search for alternatives, the SUMO simulator was selected for its flexibility in changing the car-following models and to account for vehicle crashes. The work focuses on adapting the SUMO car-following models to represent vehicles with different levels of automation. 
New technologies and bicycle safety, Chris Cherry, PI 
The main objective of Dr. Cherry’s research has been to assess travel behavior of bicycle users: travel speeds, use of bicycle routes, wrong-way riding, and route choice preferences. This project characterized routes chosen by cyclists as determined by speed limit, traffic volume, and type of bicycle facilities. These inputs were used to assess user safety. Additionally, the research project provided an enormous array of data from the users about their travel choices and characteristics. This project led to an article in Journal of Transport & Health (Volume 7, Part A, December 2017, Pages 54-63), titled Factors influencing single bicycle crashes at skewed railroad grade crossings. Video from the study showing biker after biker wrecking along a section of bike path that crosses rail tracks went viral last summer.

Collaborators 
During our 45-year history, CTR has built upon on collaborations with UT’s academic programs, government and industry partners, and project sponsors. Our partnerships include state and federal agencies, individual communities, other universities, private-sector firms, and transportation leaders worldwide. 
University of Tennessee 
Colleges 
· Tickle College of Engineering
· College of Art and Architecture
· College of Business Administration 
· College of Education, Health, and Human Sciences 
· School of Communication Studies 

Offices & Departments 
· Office of the Provost 
· Office of Communications and Marketing 
· Civil & Environmental Engineering 
· Industrial & Systems Engineering 
· Materials Sciences & Engineering 
· Mechanical, Aerospace & Biomedical Engineering 

· Earth and Planetary Sciences 
· Food Science & Technology 
· Forestry, Wildlife & Fisheries 
· Geography 
· Kinesiology, Recreation and Sport Studies 
· Marketing & Supply Chain Management 
· Parking and Transit Services 
· Social Work 
· Office of Research & Public Service 
· Tennessee Hospitality and Tourism Association 
· UT Athletics 
· UT-Battelle 
· UT Libraries 
· UT Transportation Services 

Centers & Institutes 
· Institute of Agriculture 
· Institute for Assessment and Evaluation 
· Institute for Public Service 
· County Technical Assistance Service 
· Municipal Technical Advisory Service 
· Center for Business and Economic Research 
· Center for Sustainable Business and Tourism 
· Construction Industry Research and Policy Center 
· Howard Baker Center for Public Policy 
· Institute for a Secure and Sustainable Environment 
· Southeastern SunGrant Center 
· UT Medical Center Cole Neuroscience Center 

Student Organizations 
· Office of Sorority and Fraternity Life 
· Student Chapter, Institute of Transportation Engineers 
· Society of Women Engineers 
· UT Rail Society 
· UT Outdoor Program 

National Partners 
· Appalachian Regional Commission 
· Centers for Disease Control and Prevention 
· Collaborative Sciences Center for Road Safety 
· Council of University Transportation Centers 
· National University Rail Center 
· Oak Ridge National Laboratory 
· Tennessee Valley Authority 
· US Army Corps of Engineers
· US Department of Energy 
· US Department of Transportation 
· Federal Highway Administration 
· Federal Motor Carriers Administration
· National Highway Institute 
· National Highway Transportation Safety Admin. 
· Pipeline and Hazardous Materials Safety Admin. 
· Secretary of Transportation–Research 
University Partners 
· National University Rail Center (NURail) 
· University of Illinois at Urbana-Champaign 
· University of Illinois at Chicago 
· Massachusetts Institute of Technology 
· Michigan Technological University 
· University of Kentucky 
· University of Tennessee 
· Rose-Hulman Institute of Technology 
· Southeastern Transportation Center 
· University of Tennessee, Knoxville 
· Clemson University 
· North Carolina A&T State University 
· University of Alabama 
· University of Alabama at Birmingham 
· University of Central Florida 
· University of Kentucky 
· University of North Carolina, Chapel Hill 
· University of South Florida 

State & Local Agencies 
· American Public Works Association, TN Chapter 
· City of Knoxville 
· Fayette County Commission on Aging 
· Institute of Transportation Engineers, TN Section 
· Knox Area Transit 
· Knox County Engineering 
· Knox County Recovery Court 
· Knox County Schools 
· Knoxville Transportation Planning Organization 
· McGhee Tyson Airport 
· Metropolitan Nashville Health Department 
· Metropolitan Nashville Transportation Planning Organization 
· TN County Highway Officials Association 
· TN County Services Association 
· TN Department of Safety and Homeland Security 
· TN Department of Transportation
· TN Highway Safety Office
International Partners
· Beijing Jiaotong University 
· Chang’an University 
· China Academy of Railway Sciences 
· Nanchang Hangkong University 
· Southwest Jiaotong University 
· Shijiazhuang Tiedao University 
· Tongji University 
· Yanshan University 
· Zhejiang Institute of Communications 
Private & Nonprofit Organizations 
· Cambridge Systematics 
· National Waterways Foundation 
· Nisus Corporation 
· Norfolk Southern Railway 
· TN Municipal League 
	

Community Partners 
· Blue Knights International 
· BMW Riders Association 
· Continuum Courtyards 
· Easter Seals 
· Emerald Youth Foundation 
· Great Smoky Mountains Institute at Tremont 
· Honda Goldwing Association 
· Karat Place 
· Knoxville Anti-Drug Coalition 
· Knoxville CrossFit 
· Manchester Anti-Drug Coalition 
· Motor Cycle Riders Education Program 
· Memphis Leadership Foundation 
· Pacesetters
· Sertoma Center 
· Skills Development Services 
· Synergy Foundation 
· United Methodist Neighborhood Centers 
· Youth Encouragement Center 
· Wesley House
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Looking Ahead to 21st Century Transportation: 
Safe, Autonomous, Connected 
Imagine a time when driverless vehicles are the norm, accidents are rare, traffic flows freely, and integrated systems connect vehicles, buildings, and the grid. The technological breakthroughs that will get us there are in development through TennSMART—and CTR will play a large role in making this vision a reality. 
TennSMART is a public-private partnership of Oak Ridge National Laboratory, Tennessee Technological University, The University of Tennessee, and a growing number of private companies working together to develop scientific knowledge and new technologies that could change how America transports people and goods. Working with smart cities, vehicle manufacturers and suppliers, fleet operators, software developers, utilities, and regulators, TennSMART will shape America’s mobility future. These areas are the focus for TennSMART’s research and development: 
Connected and automated vehicles: Leveraging high performance computing, data science, and advanced sensors and communications protocols to develop technologies and algorithms for vehicle-to-vehicle and vehicle-to-grid interactions that enable smart routing, alleviate congestion, improve safety, and increase the efficiency of the entire transportation system. 
Electrification infrastructure for electric vehicles: Advancing wireless charging technologies for vehicles to charge on the go, automate the charging process, and share energy back and forth between vehicles, buildings, and the grid for maximum energy savings and convenience.











Cybersecurity: Developing systems and technologies that validate the trustworthiness of messages from vehicles and the infrastructure, address identity and privacy needs, and explore best paths to provide the computing power necessary in a connected world. 
Freight efficiency: Exploring new paradigms in freight transport including the development of hybrid electric heavy-duty powertrains, truck platooning technologies, automated multimodal freight delivery, and unmanned aerial systems. 
Multimodal commuting: Facilitating mode shifting to optimize energy efficiency and convenience in passenger commutes through the development of smart technologies that increase connectivity between various forms of transportation. 
The TennSMART multimodal smart mobility park is a test bed facility for research, development, and deployment of connected and automated vehicle (CAV) technologies. The activities undertaken by the partners create new knowledge about the performance of technologies and their impact on safety, mobility, and environmental sustainability. The initial network of collaborators includes Oak Ridge National Laboratory, Tennessee Technological University, and The University of Tennessee, Knoxville. It is receiving strong support from all entities owning roads or having jurisdiction over infrastructure, especially the State of Tennessee. 

TennSMART is a high impact, transformational facility  that is testing new 
CAV technologies.
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