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Policy & Planning
Using performance-based contracts to lower costs and improve quality
In a recent study funded by the Minnesota Department of Transportation, researchers from the University of Minnesota’s Industrial and Systems
Engineering Program (ISyE) examined the optimal design of performance-based contracts (PBCs) for the transportation construction industry.
Findings suggest that PBCs can be used to achieve better coordination between state transportation agencies (STAs) and contractors than
existing methods like design-build and build-maintain.

Professor Diwakar Gupta, graduate student Aditya Vedantam, and former ISyE researcher Justin Azadivar explored the potential of PBCs
to lower life-cycle costs and lead to better quality roads by offering the right incentives to contractors, promoting preemptive maintenance, and
more accurately measuring in-use pavement performance. The research team also developed a list of best practices for PBCs in transportation-
related projects.

PBCs are long-term agreements between STAs and contractors. In a PBC, a contractor receives payment after completing a project as well as
recurring payments throughout the structure’s life based on regular performance measurements. The amount of each recurring payment
depends on how the structure’s in-use performance compares with the agreed-upon performance benchmarks: better performance means a
higher payment. This process encourages contractors to choose construction methods and maintenance activities that ensure high-quality
performance over time.

One challenge is that PBCs include more contract parameters than other methods. They also require more supervision and measurement
throughout the project. However, PBCs give contractors more flexibility in materials and methods than other types of contracts, which fosters
innovation. They also measure performance more precisely than contract mechanisms that rely on prediction models, resulting in more accurate
incentive payments.

Using a mathematical framework they developed, the researchers demonstrated that it is possible for an agency to choose PBC incentives that
elicit a desired response from the contractor, such as performing preventive maintenance. Findings also suggest that PBCs do not increase the
overall project cost to the STA or the contractor—agencies pay only for improvements in quality and performance, and contractors do not earn
unreasonable excess profits.

The researchers also identified several best practices for PBCs in the transportation construction industry. STAs and contractors should clearly
define performance metrics, ensure that a measurement infrastructure is in place, and use a third party to monitor and assess the structure’s
performance, if possible. The team also recommends permitting leeway for uncontrollable risks—such as unexpected changes in traffic loading—
and limiting responsibilities and liability to reduce the likelihood of disputes.

A final report on the study, Optimal Contract Mechanism Design for Performance-Based Contracts (MnDOT 2011-18), is available on the CTS
website.

National experts discuss integrating transit with jobs and housing policies



Duschee Creek, in Fillmore County, Minn., was one of
the culverts examined in the study.

On August 4, a panel of national experts discussed the growing interest in integrating transit, economic development, and housing policies. The
two-hour seminar was presented by CTS, the Humphrey School of Public Affairs, and the McKnight Foundation.

The experts were in Minneapolis as part of a national advisory panel for a research project being led by Humphrey School assistant professor
Yingling Fan. The project, funded by the Surdna Foundation, McKnight Foundation, and Jay and Rose Phillips Family Foundation of Minnesota,
is exploring the potential of transitways for promoting regional competitiveness, social equity, and integrated land-use and transit planning. The
research team also includes co-investigators Lee Munnich, director of the State and Local Policy Program at the Humphrey School, and Laurie
McGinnis, CTS director.

Munnich gave welcoming remarks at the seminar and introduced Eric Muschler of the McKnight Foundation. “We collaborate so well in the Twin
Cities,” Muschler said. “In this time of very challenging resource outlooks, we need to integrate.”

Moderator Scott Bernstein of the Center for Neighborhood Technology in Chicago cited examples of public policy moving toward integration,
such as a Department of Housing and Urban Development (HUD) strategic plan that for the first time calls for sustainable communities—which it
defines as energy and location efficient. “The Twin Cities may be in one of the best positions” to take advantage of these opportunities, he said.

The seminar then turned to presentations by three national experts. Dena Belzer of Strategic Economics, a Berkeley, California, consulting
firm, stressed that commute trips—which account for 60 percent of transit ridership—are critical to the function of transit itself. But from 2002
to 2008, transit zones nationally were home to a declining share of regional jobs. “If we continue to allow jobs to sprawl away from transit,” she
said, “we will undermine the efficacy of our transit systems and will never have transit as a viable alternative to driving.” She advised
encouraging employers to view transit—specifically, the access it provides to a large and diverse workforce—as an incentive for business
location decisions.

Greg Leroy, executive director of Good Jobs First, called for a “cease-fire” between public transportation investments and state-enabled
economic development programs. His organization analyzed 1,500 economic development programs around the country and found that none
required or even preferred that jobs be accessible by public transit. The “policy punch line,” he concluded, “is pretty simple…eligibility criteria for
economic development programs should be specifically targeted to areas served by public transportation.”

Jeffrey Lubell of the Center for Housing Policy said that for housing to be affordable, “the combined costs of housing, transportation, and
energy must be as low as possible.” The ultimate goal is to ensure people can live near jobs or near places where they have good transportation
access to jobs—which in turn makes the region more competitive, he said.

In the following reactor panel, Fan emphasized the private sector’s role in making transit work. “We need to know what businesses want and
how we could help them take advantage of transit accessibility,” she said. From a research perspective, Fan added, she looks forward to focus-
group analysis and in-depth interviews with top executives in the region to learn what types of incentives they would be interested in and how
they could increase their access to labor.

Patrick Pontius of HUD’s Office of Policy Development and Research said his agency supports alignment and integration. “This president and
this secretary [HUD secretary Shaun Donovan] have a focus that is pretty radical for the federal government in terms of looking at how
government disperses its dollars and tries to approach and tackle solutions through a holistic, integrative lens.”

Sam Zimbabwe of the Center for Transit-Oriented Development/Reconnecting America said that over the past year, Minneapolis and St. Paul,
Ramsey and Hennepin counties, the Metropolitan Council, and the Minnesota Housing Finance Agency have looked at the investments—public
and private—needed to make the vision for the Central Corridor a reality. The line is one of 14 transitways planned by 2030. “There needs to be
a regional understanding of what it will take in total to build out this whole vision of the region over the next 25 to 30 years,” he said.

Reprinted from the September 2011 issue of the CTS Report.

Transportation & the Environment
The influence of culvert design on fish passage

Lacking a state standard, Minnesota culvert design is currently based on the judgment of county,
state, and DNR personnel who work to maintain natural stream dimensions and patterns through
culvert crossings. If designed properly, culverts allow aquatic organisms and fish to move
upstream.

Senior scientist Brad Hansen and Professor John Nieber from the University of Minnesota’s
Department of Bioproducts and Biosystems Engineering recently led a study assessing the
hydraulic conditions related to recessed culverts and other design elements over a range of
landscapes in Minnesota. The research team, which also included Sara Johnson and Jeff Marr
from the St. Anthony Falls Laboratory, looked at the geomorphic and hydrologic functions of
streams to determine how well these improvements for fish passage were applied to culvert
crossings. The study was sponsored by the Minnesota Department of Transportation and the
Minnesota Local Road Research Board.

The practice of recessing culverts is frequently implemented to allow improved fish passage
through a culvert. The culvert invert is placed below the streambed elevation, enabling the

sediment carried by the stream to accumulate in the recessed portion of the culvert to an elevation equal to that of the streambed. Alternately,
sediment or rocks may be placed in the culvert at the time of installation. The design process begins with sizing a culvert based on the stream
bankfull width or to match a calculated hydraulic capacity. The initially designed culvert size is maintained above the streambed elevation, and
the added or oversized portion of the culvert is buried below the streambed to accommodate for the recessed depth.

Thirteen of the 19 sites surveyed throughout Minnesota had a recessed culvert as part of the design. The main criterion the researchers used in
determining whether a culvert was functioning properly for fish passage was the presence (or absence) of sediment in the recessed culvert
barrel. If properly designed, the recessed barrel should accumulate sediments that increase roughness and reduce water velocities through the
culvert. A clean barrel could produce excess velocities that might prohibit fish passage.

Based on this criterion, 6 of the 13 recessed culvert sites were not functioning properly due to lack of sediment accumulation. By comparing
culvert and stream parameters, the researchers concluded that the combination of insufficient width (compared to channel bankfull width) and



The most important parameter for determining urban
runoff is the portion of impervious area directly
connected to the storm sewer system.

limited access to side barrels could be enough to raise velocities to a point where sediment accumulation was insufficient for aquatic organisms
to pass through the culvert.

The research team suggests that design improvements could be made through better matching of stream type and culvert design, improved
sediment stabilization in the bottom of culverts, and an improved culvert design for wider channels and floodplains.

A final report on the project, Performance Assessment of Oversized Culverts to Accommodate Fish Passage (MnDOT 2011-19), is available on
the CTS website.

Effectively estimating impervious area in a watershed
Successful management of stormwater relies heavily on estimates of impervious area in a
watershed. However, the most important parameter in determining actual urban runoff is the
"effective" impervious area (EIA), or the portion directly connected to the storm sewer system.
Researchers fear that EIA—which is often considerably less than the overall impervious area and
can vary with rainfall intensity—isn’t being determined with sufficient accuracy. They say that a
more precise determination of EIA in a watershed would benefit a wide range of organizations
involved in the design of stormwater management, pollution prevention, and transportation
structures.

CTS recently sponsored a study comparing two EIA estimation methods. Former graduate
student Ben Janke and Professor John Gulliver from the St. Anthony Falls Laboratory were
joined by Professor Bruce Wilson from the Department of Bioproducts and Biosystems
Engineering in their investigation of the accuracy and thoroughness of the estimation methods
when applied to a local watershed.

The study used the estimation methods to examine EIA in two urban catchments within the
Capitol Region Watershed in St. Paul, Minn. One was a small, mostly residential neighborhood

(Arlington-Hamline), and the other was a large urbanized catchment with a variety of land uses (St. Anthony Park).

The researchers found that the first method—a data analysis technique using large rainfall-runoff data sets—has the advantage of being quick
and relatively simple to implement, and could be completed with any spreadsheet program with graphing capabilities (e.g., Excel). Their results
show that EIA estimates from this method are the most accurate, but the technique is unable to identify where in the watershed the EIA is
located and cannot be used if runoff discharge and local precipitation data are unavailable.

By contrast, the researchers found that the second method—which uses overlay analysis of spatial (GIS) data, including land cover, elevation,
and stormwater infrastructure—has the advantage of being applicable to un-gauged watersheds, and also provides the location of EIA within the
watershed. Their results show this method’s precision depends on how well roof connection can be represented, a process that can add
significant time and expense. Other issues, such as how to address canopy shading (particularly in the case of large, mature trees) also
contribute uncertainty to the results.

In addition to addressing these issues to improve the GIS method, the team recommended gaining further insights by applying both the data
analysis and the GIS-based techniques to additional watersheds. These additional analyses could potentially allow EIA values to be correlated to
land cover characteristics (such as roof type, canopy shading, age of construction, lane-miles of road, BMP presence, etc.), or even to rainfall
characteristics such as intensity, duration, or antecedent rainfall depth—information that would be valuable to practitioners in stormwater
management, transportation design, or water quality protection.

A final report on the project, Development of Techniques to Quantify Effective Impervious Cover (CTS 11-20), is available on the CTS website.

Safety & Security
Keeping elderly drivers mobile with transportation technology
The focus on transportation safety is increasingly turning to seniors, and for good reason. Currently, 15 percent of all U.S. drivers are seniors.
However, with the aging of the baby boom generation, a full 25 percent will be seniors by 2025. 

In the opener of the CTS Seminar Series on September 15, Johnell Brooks of Clemson University explained that this rapidly growing senior
population faces some unique transportation safety challenges. For instance, although seniors drive the fewest number of miles per year, they
have the highest rate of fatalities per mile driven—partly because they can’t bounce back from minor injuries like younger people can.
Complicating the situation is the fact that elderly people are driving more than they did in previous generations, often because their children
aren’t able to provide them with transportation.

Brooks, a psychology and automotive engineering researcher, outlined how Clemson University’s SmartWHEELS program is helping seniors
address these challenges and maintain the ability to drive safely. The program is a joint effort between the Clemson University International
Center for Automotive Research and the University's Institute for Engaged Aging.

Clemson researchers have pinpointed a number of contributing factors for fatal crashes among today’s seniors. These include failure to yield,
driving too fast for conditions, disregarding signs and signals, and driving under the influence. “When we’re talking about driving under the
influence, what we often see is medication problems or medication interactions,” Brooks said. “We also see seniors drinking and then driving
home in golf carts, but when they’re driving on the road and crash with a full-size vehicle, the golf cart comes out the loser.”

To help seniors who are recovering from surgery, vehicle crashes, or other medical setbacks return to the road safely, SmartWHEELS
researchers have teamed up with occupational therapists to develop assessment tests and driver training. This includes creating a fully equipped
instrumented vehicle that thoroughly documents the test drives patients take with their therapists. One reason instrumented vehicles are
important is they can provide the objective feedback necessary to obtain approval for insurance reimbursement. 

In addition, the instrumented vehicle is a useful training tool. “We have eight cameras documenting what is going on during a drive, so if you
have a patient with cognitive problems who didn’t recognize a dangerous situation, therapists can go back and review the video with them to
help them understand what went wrong,” says Brooks.



Another SmartWHEELS project was the creation of a portable driving simulator engineered with elderly patients in mind. It includes features like
improved speakers and input buttons, a specially designed seat, moveable monitors, more legroom, additional screens, and a wider base. 

Other initiatives include developing simple assessments to easily evaluate possible driving and independent-living impairments and educating
physicians and clinicians about the uses and limitations of driving simulators for rehabilitation. In the future, the research team plans to
continue to innovate new ways to keep elderly drivers mobile and keep seniors—and as a result, all drivers—safe on our nation’s roadways.

Watch the webcast

Transportation Infrastructure
New civil engineering lab promotes interdisciplinary research
A new University of Minnesota laboratory specializing in structural health monitoring and materials characterization became operational in March
2011. The Material Diagnosis of Damage and Defects (MD3) Laboratory is co-managed by civil engineering professors Stefano Gonella, Bojan
Guzina, and Joseph Labuz and housed in the Civil Engineering Building on the University’s Twin Cities campus. 

The lab is dedicated to the formulation and implementation of experimental techniques for structural health monitoring and materials
characterization of complex structural and material systems. The centerpiece of the lab is a three-dimensional Scanning Laser Doppler
Vibrometer—a sensing device capable of scanning a structure’s surface and providing full reconstruction and visualization for vibration
measurement and analysis.

The lab managers expect the methodologies developed in the MD3 Lab to affect the structural health assessment of a variety of systems,
including aerospace components, bridges, and large turbine blades of power generation systems. Gonella suggests this boundary-crossing
research could also promote interdisciplinary efforts and collaborations between departments such as civil, mechanical, aerospace, and electrical
engineering. The laser vibrometer also has the potential to improve the classroom experience for students in such areas as structural dynamics,
wave propagation, and signal processing because of its extensive visualization capabilities, Gonella says.

CTS recently provided funding for a research project led by Gonella to be conducted in the MD3 Lab. Currently under way, the study aims to
develop a prototype for assessing the health of structural systems with laser-enabled agile sensing.

Upcoming Events
Call for abstracts: 2012 CTS Research Conference
CTS has issued a Call for Presentations for its 23rd Annual Transportation Research Conference. The call invites all interested individuals to
submit a brief abstract for a presentation at the conference, to be held May 23–24, 2012, at the Saint Paul RiverCentre.

If you or your organization would like to share the results of your research or innovations in transportation-related fields, please submit an
abstract by November 18. Individual presentations will be approximately 20 minutes in length, and panel presentations may vary in length.

For further information, contact Nicole Freese, 612-624-3708, cceconf5@umn.edu.

Register now for the 2011 Toward Zero Deaths conference
The annual Toward Zero Deaths conference provides a forum for sharing information on best practices in engineering, enforcement, education,
and emergency medical and trauma care and for identifying new approaches to reduce the number of traffic fatalities and life-changing injuries
on Minnesota roads. This year’s event will be held November 16–17 at the Duluth Entertainment Convention Center.

The conference is offered by the Minnesota Toward Zero Deaths Program and the Minnesota Departments of Public Safety, Transportation, and
Health. The conference is hosted by CTS and facilitated by the College of Continuing Education.

More information and online registration are available on the TZD website.

Additional Upcoming Events
October 20 
CTS Research Seminar: Implementing Distance-Based User Fees as a Replacement for the Fuel Tax, 3:30 p.m. - 4:30 p.m. CDT, 1130
Mechanical Engineering

October 27 
Advanced Transportation Technologies Seminar: Development of Traffic Information and Dissemination System for Work-Zone Environments,
3:30 p.m. - 4:30 p.m. CDT, 1130 Mechanical Engineering

November 3 
CTS Research Seminar: Response Modification for Enhanced Operation and Safety of Bridges, 3:30 p.m. - 4:30 p.m. CDT, 1130 Mechanical
Engineering

November 10 
Advanced Transportation Technologies Seminar: Cyclopath and Cycloplan—Collaborative Bicycle Planning and Routing, 3:30 p.m. - 4:30 p.m.
CST, 1130 Mechanical Engineering

November 16-17
Minnesota Toward Zero Deaths (TZD) Annual Conference, Duluth Entertainment Convention Center, Duluth, MN

December 2
Freight and Logistics Symposium, 7:30 a.m. - 12 p.m., Ramada Plaza, Minneapolis

December 8
CTS Fall Luncheon—Flat City: The Streetcar City and the Revival of the American Dream, 11:30 a.m. – 1:30 p.m. CDT, McNamara Alumni
Center, U of M East Bank Campus




