
February 11, 2010

University of Minnesota 
St. Paul Campus

2010 TERRA Pavement Conference:
Session Summaries

Cosponsors:
Transportation Engineering and Road Research Alliance (TERRA)
Minnesota Department of Transportation (Mn/DOT)

In Cooperation with:
Minnesota Local Technical Assistance Program (LTAP)
Department of Civil Engineering, University of Minnesota
Minnesota Local Road Research Board (LRRB)
City Engineers Association of Minnesota
Minnesota County Engineers Association
Minnesota Public Works Association
Minnesota Street Superintendents Association
Pavement Research Institute (PRI), University of Minnesota
State Aid for Local Transportation, Mn/DOT

Hosted by:
Center for Transportation Studies, University of Minnesota

Transportation Engineering and Road Research Alliance



Conference Objective 
This one-day conference provides information to practitioners and others in pavement 
design, construction, and maintenance. The emphasis of the conference is new materials 
and methods that can assist decision makers in providing the most cost-effective strategies 
for building, repairing, and maintaining Minnesota roads.

Conference Planning Committee 
Art Bolland, Retired, Minnesota Department of Transportation 
Jerry Geib, Minnesota Department of Transportation 
Lori Graven, College of Continuing Education, University of Minnesota 
Jim Grothaus, Center for Transportation Studies/Minnesota LTAP, University of Minnesota
Maureen Jensen, Minnesota Department of Transportation 
Lev Khazanovich, Department of Civil Engineering, University of Minnesota
Sue Lodahl, Minnesota Department of Transportation
Bill Lohr, Federal Highway Administration
Erland Lukanen, Minnesota Department of Transportation
Stephanie Malinoff, Center for Transportation Studies, University of Minnesota
Mark Maloney, Engineering Department, City of Shoreview 
Mihai Marasteanu, Department of Civil Engineering, University of Minnesota
Laurie McGinnis, Center for Transportation Studies, University of Minnesota
Roger Olson, Minnesota Department of Transportation 
Thomas Ravn, Minnesota Department of Transportation
Dave Rettner, American Engineering Testing
Keith Shannon, Minnesota Department of Transportation
Gene Skok, Department of Civil Engineering, University of Minnesota 
Linda Taylor, Minnesota Department of Transportation
Joe Thomas, Minnesota Department of Transportation
Curt Turgeon, Minnesota Department of Transportation 

Production
Minnesota LTAP

Writing: Richard Kronick (freelance), Clayton Benjamin
Editing: Pamela Snopl
Design: Karen Melton, Cadie Wright Adhikary

The Minnesota Local Technical Assistance Program is part of the Federal Highway Administration’s Local 
Technical Assistance Program (LTAP). LTAP is a nationwide effort designed to foster and improve informa-
tion exchange among local practitioners and state and national transportation agencies. Minnesota LTAP is 
administered by the Center for Transportation Studies at the University of Minnesota, and cosponsored by the 
Minnesota Local Road Research Board and the Minnesota Department of Transportation. 

The University of Minnesota is committed to the policy that all persons shall have equal access to its programs, 
facilities, and employment without regard to race, color, creed, religion, national origin, sex, age, marital 
status, disability, public assistance status, veteran status, or sexual orientation. This publication is available in 
alternative formats upon request.

Any product mentioned within should not be considered a product endorsement. Authors’ opinions/findings 
do not necessarily reflect the views of Minnesota LTAP.

Minnesota LTAP
Center for Transportation Studies 
University of Minnesota
200 Transportation and Safety Building
511 Washington Avenue S.E.
Minneapolis, MN 55455
Phone: 612-626-1077
Fax: 612-625-6381
E-mail: mnltap@umn.edu
Web: www.mnltap.umn.edu

© 2010 Minnesota Local Technical Assistance Program (LTAP), University of Minnesota 



i

Annual Pavement Conference Award ...............................................................................................ii
Morning Plenary Session

Mn/DOT’s Big Picture ...............................................................................................................................1
The Surface Transportation Authorization Act of 2009 ................................................................. 1
Your Federal Pavement Technology Program .................................................................................. 2

Afternoon Plenary Session: Sustainable Pavement Practices
The Federal Stimulus and the Pavement Construction Economy ................................................. 4
A Bumpy Ride Ahead: Measuring and Predicting Pavement Performance................................. 5
Benefits of Pavement Reclamation .................................................................................................... 7

Concurrent Sessions
Session 1: Sustainable Transportation
Asphalt from Roofing Shingles in Pavement Mix Designs ............................................................ 8
Environmental Effects of Deicing Salt on Water Quality in Minnesota ....................................... 9
Pervious Pavement: Minnesota’s Experience .................................................................................10

Session 2: Rapid Fire Session
Crack Seal 101  ...................................................................................................................................11
Improving Longitudinal Joints in HMA Pavements .....................................................................11
Surface Treatments ............................................................................................................................11
Thin Unbonded Concrete Overlays.................................................................................................12
Taconite Aggregate in 4.75 mm Asphalt Mix .................................................................................12
Effect of Farm Equipment Vehicles on Pavement Performance ..................................................12
In-place Recycling Using Stabilized Full-Depth Reclamation .....................................................13

Session 3: The Road Less Traveled
Shoulder Safety = Shoulder Maintenance  ......................................................................................14
On the Trail of Better Trail Maintenance—Best Practices ...........................................................15
Gravel Road Maintenance ................................................................................................................16

Session 4: Roads and Loads
Road Damage: The Unintended Consequence of Wind Farm Development ............................17
2009 Truck-Weight Road Limit Changes .......................................................................................19

Contents

Selected video and PowerPoint presentations from the 2010 TERRA Pavement Conference are online at 
www.terraroadalliance.org/events/pavementconf/2010.

This year’s event was the 14th annual pavement conference and also marked the change of the name of 
the event from the Minnesota Pavement Conference to the TERRA Pavement Conference. TERRA, the 
Transportation Engineering and Road Research Alliance, is a dynamic partnership of government, indus-
try, and academia that continuously advances innovations in road engineering and construction. TERRA’s 
mission is to develop, sustain, and communicate a comprehensive program of research on pavement, ma-
terials, and related transportation engineering challenges, including issues related to cold climates.

Conference Materials Online



ii

Annual Pavement Conference Award

2010 Pavement Conference Award to Mike Robinson

Mark Maloney, 2009 recipient of the Gerald Rohrbach Award for excellence in 
pavement research, announced that this year’s recipient of the award is Mike 
Robinson. 

In an interview, Robinson, who has worked in several capacities at Mn/DOT, 
said his greatest interest has always been in materials research. He feels that 
his most important contribution in that area has been his effort to improve the 
quality of asphalt pavements. In looking at asphalt samples over many years, 
Robinson noticed that “the mixes would be dry. So I wanted to come up with a 
method for putting in the right amount of asphalt.” 

The problem, Robinson said, is that “Everyone was specifying VMA [voids in 
mineral aggregate], which is based on maximum aggregate size—but there’s no 
correlation between maximum aggregate size and the gradation.” In response, 
Robinson developed the idea of specifying optimum asphalt film thickness 
(AFT) instead of VMA. “This is unique,” he said. “No other state than Min-
nesota uses AFT; the others use VMA, which was adopted as a result of SHRP 
[Strategic Highway Research Project].” The benefit of the AFT approach, Rob-
inson said, is that it allows a reduction of asphalt content through more careful 
control of the aggregate gradation.

Mike Robinson, Mark Maloney
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Morning Plenary Session
Moderator: Tim Worke, Highway and Transportation Division, Associated General Contractors 

of Minnesota

Mn/DOT’s Big Picture
Bernie Arseneau, Minnesota Department of Transportation

In welcoming remarks on behalf of Mn/DOT 
Commissioner Tom Sorel, Bernie Arseneau,  
Mn/DOT’s division director for policy, safety, and 
strategic initiatives, stated Mn/DOT’s vision: to 
become “a global leader in transportation, com-
mitted to upholding public needs and collabora-
tion with internal and external partners to create 
a safe, efficient, and sustainable transportation 
system for the future.” To achieve these goals, 
Arseneau said Mn/DOT will need to practice 
stewardship. To define that word, he quoted Peter 
Block, the author of several highly acclaimed 
books including Community: The Structure of 
Belonging: “Stewardship is the willingness to be 
accountable for the well-being of the larger orga-
nization by operating in service of, rather than in 
control of, those around us.”  

Arseneau then discussed several of Mn/DOT’s 
stewardship-oriented strategies, including forma-

tion of a stewardship council. To provide steward-
ship of the environment, Arseneau emphasized 
the importance of pavement preservation mea-
sures such as recovering asphalt from recycled 
shingles, using porous pavements, and using fly 
ash to stabilize bases. He also pointed out that, 
given the rising cost of paving materials and fall-
ing governmental budgets, these strategies will 
save money.

Arseneau then reported on discussions with 
some European colleagues who, he said, are 
ahead of the U.S. in environmental stewardship. 
He asked these Europeans to define “sustainabili-
ty” and reported that they first stated their defini-
tion in simple terms: “It’s about leaving the planet 
in a way that you would like to for your grand-
children.” To assess sustainability, they added, we 
need to look at our impacts on the environment, 
the economy, and society in general.

The Surface Transportation Authorization Act 
of 2009: A Blueprint for Investment and Reform
Chairman James L. Oberstar, U.S. House of Representatives

U.S. Representative James Oberstar, Minnesota’s 
8th district congressman and chairman of the 
House Transportation and Infrastructure Com-
mittee, appeared via video from Washington, 
D.C. He emphasized that the deterioration of our 
nation’s pavements is accelerating and that “our 
competitive advantage is slipping too. The inter-
state highway system has been stretched beyond 
its design life and beyond the needed capacity.” 
For example:
• Thirty-seven percent of U.S. lane miles are in 

poor or fair condition.
• One out of four bridges is structurally obso-

lete.

• Half of the structurally obsolete bridges are 
also functionally obsolete.

He cited a USDOT finding that the federal gov-
ernment should be investing $62 billion annually 
to maintain roads and bridges in their current 
condition—to say nothing about improvements—
and that this amount should be matched by 
state and local governments. However, he added 
that the current level of investment is less than 
two-thirds of these minimums. “All this,” said 
Oberstar, “means we need to invest more money, 
reform the system, and apply research more 
quickly to receive the maximum possible return 
on the taxpayers’ investment.”
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Your Federal Pavement Technology Program
Bob Orthmeyer, Federal Highway Administration

Following is a digest of FHWA’s current pave-
ment-related policies and research, based on 
Robert Orthmeyer’s conference presentation.

• The current federal legislation in support of 
surface transportation is called SAFETEA-LU 
(Safe, Accountable, Flexible, Efficient Trans-
portation Equity Act: A Legacy for Users). It 
has provided $411 million per year from 2005 
to 2009 for research. Of that, $22 million has 
gone for pavement research.

• FHWA will not participate in research proj-
ects to evaluate proprietary materials unless 
at least one of these three exists:

 – Competitive bidding with equally suitable 
unpatented items.

 – State or local agency certifies item is essen-
tial or no equally suitable alternative exists.

 – The item is used for research or for a spe-
cial type of construction on relatively short 
sections of road for experimental purposes.  

• Regarding the use of alternate pavement 
type bids on the National Highway System: 
“FHWA does not encourage the use of alter-
nate bids to determine mainline pavement 
types. [This is] primarily due to the difficulty 
in developing truly equivalent pavement 
designs.”

• Progress is being made on implementing the 
Mechanistic-Empirical Pavement Design 
Guide (MEPDG). Four user groups have 
been formed and mobile labs are collecting 

Federal legislation
In response to these problems, Oberstar outlined 
the Surface Transportation Authorization Act 
of 2009, a bill he has introduced in Congress. 
He said the bill would convert federal surface 
transportation programs to a performance-
driven model, which he likened to the way public 
officials build and maintain our transportation 
infrastructure. The bill proposes a six-year, $450 
billion package for surface transportation and 
$100 billion for a Critical Asset Program that 
would combine 104 categories of federal funding 
into four major programs. “For example,” Ober-
star said, “it would consolidate interstate highway 
maintenance, the national highway system, and 
the highway bridge program into a single stream-
lined, outcome-based and performance-measured 
program. It will bring the nation’s highways back 
to a state of good repair and keep them that way 
in the future.”

Oberstar said his bill will bring greater account-
ability and “would move away from the previous 
programs that involved only revenue-sharing and 
go toward outcome-based programs with annual 
benchmarks for reporting, six-year plans, and 
the investments to go with them that will meet 
[our] needs well into the 21st century.” He added 
that the programs will create or sustain 6 million 
well-paying jobs across the country—in addition 

to those created by the American Recovery and 
Reinvestment Act (ARRA—aka the “stimulus”).

Although his bill has moved through the House 
Subcommittee on Highways and Transit, Ober-
star said the momentum to pass the bill—or any 
other long-view surface transportation authoriza-
tion—has stalled “in the absence of political will 
in Washington, D.C.”

Oberstar also described the Jobs for Main Street 
Act—an extension of ARRA. This would provide 
an additional $35 billion for highway and transit 
infrastructure investments for “9,500 projects 
that state DOTs say they can have under contract 
within 90 days.” He added that the bill will “fully 
fund the states’ 20 percent share of the ARRA’s 
80-20 program. Thirty states have already noti-
fied FHWA that they cannot pay their 20 percent 
share because of declining revenues.”

Finally, Oberstar reported on the ARRA. He 
said the program has funded 9,241 highway con-
struction projects, which have provided 280,000 
direct construction jobs and 480,000 indirect 
jobs. In turn, these have produced a payroll of 
$1.2 billion and $260 million in paid federal 
taxes. However, “the unemployment rate has been 
stubborn,” he added. “Construction workers are 
now doing 90 percent of their work in the public 
sector rather than in private investment.”
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data for state agencies.
• The Asphalt Mix Performance Tester 

(AMPT) effort includes changes to AASHTO 
(American Association of State Highway and 
Transportation Officials) specifications on 
testing, specimen preparation, and master 
curve generation.

• The Pavement Health Track Analysis Tool 
uses MEPDG prediction models and the 
Highway Performance Monitoring System 
(HPMS) 2010 database. It moves beyond the 
International Roughness Index (IRI) and uses 
key performance indicators such as cracking, 
faulting, rutting, and smoothness. The tool 
is currently being tested by state DOTs for 
compatibility. Full release expected: 2010.

• Announced International Conference on 
Pavement Preservation—April 2010—New-
port Beach, California.

• Four AASHTO provisional standards for 
pavement smoothness are about to become 
full standards: 1) ride quality standard for 
purchase of equipment, 2) operating an iner-
tial profiler, 3) certifying an inertial profiler, 
4) standard spec for using IRI. MnROAD 
has participated in developing a benchmark 
against which to measure inertial profilers; 
now moving toward a portable testing device.

• Pavement friction thresholds: Grip testers are 
being evaluated. Fixed slip devices, which are 
more representative of the current braking 
systems in cars, are available for testing by 
state agencies and academia. Coming in the 
near future: pavement friction management 
technical advisory.

• There is a project to combine texture (1-D 
and 2-D) and noise (OBSI) data to create 
a noise-prediction method using macro-
texture.

• Quality Assurance (QA) Stewardship pro-

gram: Conducted reviews based on a QA per-
formance measures—includes a method for 
determining the distribution of risk between 
contractors and owners. Spec Risk software 
and training are available online.

• Environmental stewardship: FHWA Recy-
cling Policy 2.7.2002: “Recycled materials 
should get first consideration in overall mate-
rial selection.”  

 – Pushing to increase reclaimed asphalt pave-
ment (RAP) use—not just in base material 
but in surface layers.

 – Defined “high RAP usage” as greater than 
25% by weight, but stated that current na-
tional average RAP usage is only 12%.

 – Minnesota is one of seven states currently 
using 20% or more RAP.  

• Warm-mix asphalt (WMA): Projects com-
pleted in 40 states since first public demo of 
WMA in 2004. At least 10 states have adopted 
permissive standards. Great potential for cost 
reduction in paving because 70% of paving 
cost is in materials. According to a TRB study 
(Robinette, C. and J. Epps, Energy, Emissions, 
Material Conservation and Prices Associated 
with Construction, Rehabilitation and Mate-
rial Alternatives for Flexible Pavement), using 
25% RAP can deliver about 10% cost savings 
and about 10% reduction in greenhouse gas 
emissions.  

• Two-lift concrete construction was selected 
as the strategy with the greatest potential for 
producing cost-effective, sustainable, long-
lasting pavements in the U.S. Yet from 1970 
to 1994, only 11 projects have been built in 
five states.  

• Help on recycling: www.moreRAP.us, 
www.warmmixasphalt.com, 
www.cptechcenter.org,  
www.recycledmaterials.org.
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Tim Worke, director of the Highway and Trans-
portation Division of the Associated General 
Contractors of Minnesota and co-chair of  
TERRA, provided details on economic conditions 
in the construction industry and how the Ameri-
can Recovery and Reinvestment Act (ARRA) has 
responded. He reminded attendees that, one year 
ago, “the economy was in free-fall, and we were 
shedding jobs at an alarming rate.”

From December 2008 to December 2009, 
Worke said, national job loss in construction was 
22 percent, and it has increased to 24.7 percent 
since then. That means that in the construction 
industry, “it’s a depression—not a recession—the 
worst job market since the 1930s.” The Minnesota 
construction economy has now lost all of the jobs 
it had gained since 1997, he noted.

He then added details to Congressman Ober-
star’s overview of how the ARRA has responded 
to this situation: “The White House’s early esti-
mate was that, with a combination of tax cuts, un-
employment benefits, loans, grants, and contracts, 
the ARRA would increase jobs by 3.5 million.”

Worke quoted Professor Stephen Fuller of 
George Mason University on how the ARRA 
should affect the national economy: Theoretically, 
for each $1 billion injected into the national econ-
omy, $3.4 billion will be added to the GDP (gross 
domestic product)and 28,500 non-residential 
public works and building jobs will be created. 
Of these jobs, one-third will be direct, on-site 
construction; one-sixth will be jobs created due 
to products and services sold to construction 
projects; and one-half will be “induced” jobs—
i.e., created because of ARRA money spent by the 
direct and indirect workers.

However, by December 2009, three-fourths of 
the ARRA’s $787 billion had still not been infused 
into the economy, Worke said, although a greater 

percentage of the money assigned to highways 
has been spent than in other sectors. This, he said, 
is because the “architecture” for highway project 
spending already existed and was well defined. 
“If you think about some of the other sectors, like 
green construction or ‘next-generation’ construc-
tion, their architecture is not in place. Someone 
has to define eligibility criteria, write an RFP, and 
so forth—so it can take two to three years before 
some of those programs take off.”

Minnesota’s piece of the pie
Minnesota received from the ARRA for transpor-
tation:
• $502 million for highways—$370 million to 

Mn/DOT; $130 million to counties and cities
• $92 million for transit
• $20 million went to airports
• Worke added that a total of 210 state and lo-

cal construction projects have been created.

Afternoon Plenary Session: 
Sustainable Pavement Practices
Moderator: Maureen Jensen, Minnesota Department of Transportation

The Federal Stimulus and the Pavement 
Construction Economy
Tim Worke, Highway and Transportation Division, Associated General Contractors of Minnesota

Counties & Cities:
$130 million

Mn/DOT:
$370 million

Airports:
$20 million

Transit:
$92 million
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When is a job not a job?
Oberstar’s Transportation and Infrastructure 
Committee announced that 8,119 “cumulative” 
Minnesota jobs had been created. But Worke 
explained that this includes anyone who had 
worked for any length of time on an ARRA proj-
ect. Worke said calculating the number of jobs 
created by ARRA is “murky” because the accu-
racy of reporting on job creation has been ques-
tioned and because there was confusion about 
how to count “jobs created” and “jobs saved.” In 
addition, Congress’s General Accounting Office 
reported that there had been insufficient quality 
control on the data received. That, in turn, led to 
a reformulation of the job-creation accounting 
methods. Instead of “job created” and “job saved” 
categories, the concept of a full-time equivalent 
(FTE) was put in place. Also, the idea of count-
ing cumulative jobs created was discarded and 
replaced by reporting for each quarter. Under that 
system, it was reported that 482.7 FTEs had been 
created in Minnesota due to the ARRA in the last 
quarter of 2009.

What does it all mean? Worke said the most 
meaningful statistic available is that, since the 
ARRA was passed, the nation’s unemployment 
rate has remained the same or increased slightly. 

However, based on a survey of members of the 
Minnesota Association of General Contractors, 
Worke asserted that the ARRA has had a stabi-
lizing affect on both the general economy and 
the construction sector—mostly because ARRA 
funds have replaced state funds that had dried up. 
Some contractors reported that “ARRA contracts 
have been vital to our company.”

In conclusion, Worke gave the ARRA a mixed 
report card. On the positive side, he said it has 
been “a bridge over a very difficult time in the 
construction market” and that it will continue 
to provide help in the coming 2010 construc-
tion season. However, he also said many jobs lost 
during the recession will probably never come 
back, and that, in general, one-time injections of 
money like the ARRA do not encourage con-
struction companies to make long-term capital 
investments. He also lamented that, in all of the 
emphasis on jobs, the fundamental idea that 
there is value in rebuilding infrastructure has 
been obscured. Finally, he worried that negative 
reactions to ARRA will reduce enthusiasm for 
additional congressional action such as the Jobs 
on Main Street act and the six-year, $450 billion 
Surface Transportation Authorization Act of 2009 
described by Oberstar. 

A Bumpy Ride Ahead: Measuring and 
Predicting Pavement Performance
Dave Janisch, Minnesota Department of Transportation

Dave Janisch, Mn/DOT’s pavement management 
engineer, reported on the current condition of 
our state’s roads and made predictions of future 
conditions. His report was based on data gath-
ered since 1999 by his group using Mn/DOT’s 
two digital inspection vehicles. These vehicles 
are equipped with video cameras and lasers that 
record physical conditions on the state’s roads, 
including cracking, rutting, faulting, and smooth-
ness. The large amounts of collected data are fed 
into a pavement management program.

The key output of the program is the ride qual-
ity index (RQI)—an overall measurement of a 
road’s smoothness that is expressed on a scale 
from 1 to 5. Mn/DOT uses the data to predict 

future ride quality and to calculate the funding 
levels that will be needed to maintain our roads at 
acceptable levels.

“Above 3 [on the 1-5 scale] is considered good,” 
Janisch said. “It means there is little cracking and 
not much rutting. A road below 2 is one where 
you can’t think about the scenery; you have to 
focus on the road. You might want to drive in the 
middle or drive around obstacles like bad con-
crete joints or potholes. Or you might decide that 
you don’t want to drive the speed limit on that 
road. So they’re not just roads that aren’t smooth; 
they’re roads that actually have a safety problem 
and get people’s attention.”

The data can be analyzed in several ways. For 
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example, said Janisch, “If we maintain current 
spending levels over the next four years, the soft-
ware can tell us what the road system will look 
like. We can also input the dollars we have, and 
the system will estimate the ride quality we can 
expect.” Or going at it the opposite way, he said 
they can input the desired RQI and the software 
will show how much money it will take to get 
there. All the data are reflected in Mn/DOT’s an-
nual 20-year plan.

For the state’s principal arterial roads, Mn/
DOT’s current goal is to have 70 percent of all 
lane miles above 3 on RQI. The goal for non-prin-
cipal arterials is to have 65 percent above 3.

The bad news
With a few bright exceptions in two Mn/DOT 
districts, Janisch showed that the average RQI 
on major arterial roads and secondary roads 
throughout Minnesota does not meet the criteria. 
Furthermore, he showed that there has been a 
steady decline in RQI since Mn/DOT has mea-
sured it. Worst of all, he showed that, with spend-
ing at current levels, the decline will accelerate in 
the future.

“It’s an alarming trend,” Janisch said. “Every 
year, there are more and more targets that aren’t 

being met. Looking at the state as a whole, there 
is an overall deterioration of our roads. Since 
2003, we’ve been below our targets. If we carry 
the data out another four years, we think the 
principal arterial system will stay pretty close to 
where it is, but we expect the non-principal arte-
rial routes to suffer another few percent reduction 
in good roads. And if we take another step and 
plug in the amount of money we’re planning to 
spend [through 2019], there’s a gradual decline in 
the good roads—but not too bad.”

The really bad news
Janisch then presented data on road segments in 
the “poor” category—below 2 in RQI. “When we 
look at the poor roads—and they’re the ones that 
get everyone’s attention and are most expensive 
to fix—we see the single largest increase between 
2008 and 2009 that there has ever been. Current-
ly, the condition of Minnesota’s interstates is 44th 
in the nation in ride quality—and those are our 
good roads.” He went on to predict that, if fund-
ing levels remain about where they are through 
2019, drivers will choose not to drive the speed 
limit on 25 percent of the state’s non-arterial 
roads because of poor pavement condition.

“Meanwhile,” said Janisch, “if you look at our 
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Benefits of Pavement Reclamation: How  
In-Place Recycling Has Worked for Federal 
Parks

Mike Voth, Federal Lands Highway Program

Mike Voth said the Federal Lands Highway Pro-
gram has used several recycling and reclamation 
methods: cold in-place recycling (CIR), full-
depth reclamation (FDR) pulverize, FDR with 
cement, FDR with foam, and FDR with emulsion. 
Of the 6.8 million square yards recycled in place 
in the past five years, 72% was FDR pulverize and 
15% was CIR. 

Federal Lands has had good success with CIR/
FDR, Voth said. “They have proven to be cost-ef-
fective, well-performing rehabilitation methods.” 

The agency has found FDR is best suited for 
low- to medium-volume roads. The pavement 
distress should be to the point that a surface treat-
ment or an overlay is not effective, Voth added, 
and a very weak or wet subgrade cannot be ad-

dressed by FDR alone. For CIR, the subgrade and 
base must have the ability to support the recy-
cling train, and the geometrics must be adequate 
(minimal steep grades and sharp curves). 

Federal Lands completes a design for each proj-
ect in order to compare rehabilitation alternatives 
and additives and justify the chosen method to 
the client/agency, he said. 

For further details, see the FLH Project Devel-
opment and Design Manual: www.wfl.fhwa.dot
.gov/design/manual.

spending on pavement preservation—just keep-
ing the existing roads in good condition and 
not including any new roads, bridges, or expan-
sion of two-lane roads into four-lane roads—we 
expect our spending to actually decrease in 
dollar amounts from about $220 million in 2002 
to about $199 million in 2019. But if inflation is 
about 3 percent, we can buy much less for those 
dollars.” He also pointed out that inflation has 
actually been much higher than 3 percent on 
pavement materials in the last few years.

Janisch then showed that, between now and 
2019, the state would need to spend $608 million 
per year if it is going to meet the target of keeping 
70 percent of major arterial pavements in good 
condition. But he said the amount the state can 
really afford to spend—given our current tax and 
fee structure—will be $199 million per year from 
2014–2019.

Possibly the worst news of all
Janisch then discussed one of the more alarm-
ing ways these numbers are likely to affect our 
state. He explained that the federal Government 

Accounting Standards Board (GASB) is respon-
sible for stating accounting rules that all state 
and local government agencies must follow. In 
response to reports of deteriorating infrastructure 
in major cities, GASB decided that agencies must 
report the value and condition of their physical 
infrastructure—and must describe the condition 
it intends to keep its infrastructure in—on all 
financial statements. “If I’m a bonding company,” 
Janisch said. “I want to know if a state has any 
hidden problems that will haunt me down the 
road. And the predictions show that, by 2018, 
we’re going to be very close to not meeting the 
GASB standards. When you realize that the state 
bonding rating applies not just to roads, but also 
to schools and hospitals, you realize that the con-
dition of our roads could be the factor that drags 
everything else down.”

Given all this data, Janisch concluded: “We are 
in for a bumpy ride.” 
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Session 1: Sustainable Transportation
Moderator: Mark Maloney, Public Works Department, Shoreview, Minnesota

Asphalt from Roofing Shingles in Pavement Mix 
Designs

Curt Turgeon, Minnesota Department of Transportation

Curt Turgeon, a pavement engineer at Mn/DOT’s 
Office of Materials, discussed the department’s 
use of asphalt obtained from tear-off roofing 
shingle scrap (TOSS) in pavement. 

Noting that about 230,000 tons of discarded 
shingles go into Minnesota’s landfills every year, 
Turgeon said there was initial enthusiasm about 
this source of asphalt when it was first discussed 
several years ago. “But then reality set in! People 
pointed out that shingle asphalt is not paving as-
phalt. They worried that spending 10 to 30 years 
on a roof probably doesn’t improve the asphalt’s 
qualities. Furthermore, shingles come off roofs 
along with a lot of junk—and they might contain 
asbestos.” 

Accordingly, Turgeon said, it was decided that 
there would need to be both quality control and 
limitations on how much asphalt from TOSS 
could be included in pavements. To address the 
asbestos issue, the Minnesota Pollution Control 
Agency funded a Mn/DOT research project.

Testing
The Office of Materials tested 17 different asphalt 
samples with varying combinations of asphalt 
from four sources:
• Tear-off roofing shingle scrap (TOSS)
• Manufactured waste shingle scrap (MWSS)
• Reclaimed asphalt pavement (RAP; all from a 

single source except in one formulation)
• Virgin asphalt
A chemistry test showed that, when subjected 

to bending stress, four of the samples (see table) 
with formulations likely to be used in pavements 
had essentially identical properties.

Another test showed that, in general, the more 
old asphalt from tear-off shingles is included 
in a mix, the stiffer the mix is at low tempera-

ture—and therefore the more likely it is to exhibit 
thermal cracking.

Asbestos in pavement?
Turgeon referred to the possibility that TOSS 
might contain asbestos as a “lightning rod issue.” 
However, in tests conducted by a third-party 
laboratory on more than 1,000 samples taken 
from DemCon, a shingle recycler in Shakopee, 
Minnesota, no asbestos has yet been found, he 
reported. Turgeon directed anyone with ques-
tions about the asbestos issue to Wayne Gjerde at 
wayne.gjerde@pca.state.mn.us.

Purity standards
Turgeon also discussed strategies for avoiding 
contaminants in TOSS. Working with DemCon, 
Mn/DOT has developed a four-part strategy:
• Charge roofers less if they pre-sort and bring 

in cleaner loads.
• Workers pull out the largest non-shingle 

material such as boards and pallets.
• Workers hand-sort material moving past 

them on a conveyor.
• Run the resulting material through a shred-

der that also pulls out nails with magnets.
Mn/DOT’s standard for the resulting material 

Concurrent Sessions

Four asphalt formulations tested for response to
bending stress

Sample Number  Composition

5   15% RAP 5% MWSS

6   15% RAP 5% TOSS

13   15% RAP 3% TOSS

14   15% RAP 3% MWSS
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is that 100 percent must pass through a ½-inch 
sieve, 90 percent must pass a #4 screen, and there 
must be less than 0.5 percent “deleterious mate-
rial.” Turgeon added that the maximum amount 
of TOSS allowed in any Mn/DOT mix design is 
5 percent. “So the amount of deleterious material 
is half a percent of five percent—that’s pretty low. 
However, a slightly larger piece of TOSS occa-
sionally gets through—so you have a little ‘tab’ 

popping up on the surface of the pavement, and 
that doesn’t seem to be much of a problem.” Stan-
dards for MWSS and TOSS are part of Mn/DOT’s 
bituminous standard and can be found at www
.dot.state.mn.us/materials/bituminousdocs 
/Special_Provisions/2009/Shingles/Table%20
2360.3-B2a_Agg_Req_2010.pdf. 

Environmental Effects of Deicing Salt on Water Quality 
in Minnesota

Heinz Stefan, Department of Civil Engineering, University of Minnesota

Excess salt may have an adverse effect on Min-
nesota’s water quality, according to Professor 
Heinz Stefan. Stefan and researchers Eric No-
votny, Andrew Sander, and Omid Mohseni of the 
civil engineering department’s St. Anthony Falls 
Laboratory studied the environmental effects of 
deicing salt on water quality in the Twin Cities 
area and found higher than expected salinity in a 
number of local lakes and shallow groundwater 
aquifers. 

Roughly 350,000 short tons of sodium chloride 
(common table salt) are applied to roads in the 
Minneapolis-St. Paul metropolitan area every 
year to help keep roads free of ice. According to 
the researchers, only about 30% of this is carried 
away by the Mississippi River. The remaining 70% 
is either removed by other means or stays in the 
area, making its way into lakes and eventually 
into the groundwater system. 

The research team measured salt concentra-
tions in several area lakes and rivers, as well as 
in groundwater, and collected data on road salt 
application across the region. They used this in-
formation to create a chloride budget for the met-
ropolitan area that showed how much of the salt 
applied to roads was removed by the Mississippi 
River. Separate chloride budgets were created for 
smaller sub-aquifers. 

Based on their analysis of seasonal salt levels 
and historic trends, the researchers concluded 
that lakes and groundwater aquifers in the Twin 
Cities area are suffering some deterioration in 
water quality due to increasing chloride levels. If 

current trends continue, urban lakes are likely to 
violate water quality standards in the future, and 
deterioration of groundwater quality is likely to 
be noticeable in the coming decades. 

The study’s final report recommends that poli-
cymakers give serious consideration to measures 
that will mitigate the effects of salt in runoff, 
including changing how road salt is used, routing 
runoff away from lakes and groundwater recharge 
areas, and collecting and treating highly saline 
runoff.  

The research was funded by the Minnesota Lo-
cal Road Research Board.  

Study of Environmental Effects of De-Icing Salt 
on Water Quality in the Twin Cities Metropolitan 
Area, Minnesota (Mn/DOT 2008-42) is available 
from the Center for Transportation Studies (CTS) 
Web site: www.cts.umn.edu/Research.
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Pervious Pavement: Minnesota’s Experience
Kevin MacDonald, Cemstone Concrete Products Co.

Pervious concrete, which allows some infiltration, 
reduces runoff and improves water quality. It is 
recognized as a best management practice by the 
Environmental Protection Agency, MacDonald 
said. 

In the past, low strengths and limited freeze-
thaw test results limited the use of pervious con-
crete to warm climates. Today, however, pervious 
concrete mixes have been developed for northern 
climates, and they are being used in Minnesota 
communities such as Minneapolis, Shoreview, 
Savage, Richfield, Blaine, Mahtomedi, White Bear 
Lake, and Chanhassen.

MacDonald reviewed the use of pervious 
concrete in Minnesota as well as some current 
research issues, such as the loss of permeability 
when surface voids become filled with fine soil 
particles and tree debris.

Pervious concrete is successful in warm cli-
mates, MacDonald concluded, and it can be suc-
cessful in cold climates with proper mix design 
and proper workmanship.

For more information about pervious concrete, 
download the TERRA fact sheet:
www.terraroadalliance.org/publications 
/factsheets/perviousconcrete.html.
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Session 2: Rapid Fire Session
Moderator: Jim Grothaus, Minnesota Local Technical Assistance Program, University of 

Minnesota

For the first time, the TERRA Pavement Research 
Conference included a session consisting of very 
short presentations—all by members of the  
Mn/DOT Research staff—on a variety of pave-
ment maintenance topics. Following is a digest of 
the information presented.

‘Crack Seal 101’
Mark Watson said two crack-sealing procedures 
are commonly used in Minnesota: Rout and Seal 
is recommended as soon as a pavement begins 
to crack. Clean and Seal is recommended for 
pavements with moderate crack density and little 
deterioration. Crack treatment is not effective for 
pavements in poor condition. Mn/DOT has ap-
proved three crack-sealing materials:
• 3725 has low resiliency and is for transverse 

rout-and-seal applications.
• 3723 has good adhesion and is for both the 

“Rout” and “Clean” methods where wider 
reservoir widths are needed.

• 3719 is specifically recommended for Clean 
and Seal.

Research shows that application methodology 
affects crack-seal performance more than the 
type of material chosen. Factors that yield good 
performance are:
• Trained inspection personnel.
• Use of a double-walled kettle with applicator 

wand.
• Thermocouple-monitored kettle temperature.
• Checking sealant samples to avoid overheat-

ing.
• Sealing joints between PCC curb and HMA 

pavement at same time as sealing cracks.
For more information: www.dot.state.mn.us

/materials/research. html. For details on approved 
materials: www.dot.state.mn.us/products/index
.html.

Improving Longitudinal Joints in HMA 
Pavements
Mark Watson also reviewed an ongoing Mn/DOT 
research project to identify best practices for 
improving longitudinal joints (LJs) in HMA pave-

ments. The project was prompted by pavement 
management data showing that LJ deterioration 
is responsible for more loss of surface rating than 
any other distress type. The research project fo-
cuses on improved construction, targeted preven-
tive maintenance, and repair methods. 

A literature search on construction methods 
yielded the following recommendations:
• Pave in a straight line.
• Maintain proper depth and second-lane 

overlap.
• Avoid raking and maintain proper auger 

lengths.
Mn/DOT recently implemented an LJ density 

specification and emphasizes that consistently ex-
tracting cores from the correct location—with the 
barrel edge no more than 6 inches away from the 
center joint—is critical in assessing compliance 
with the specification. In addition, a MnROAD 
research project has shown that use of a slow-
setting fog seal (CSS-1h) dramatically reduced 
permeability of the LJ.

Maintenance procedures such as fog seal and 
crack seal should help to reduce LJ permeability. 
Fog seals can be applied at regular intervals but 
must be coordinated with striping. Sealing LJs 
with crumb rubber or Mn/DOT 3723 crack seal-
ing material should help to limit water infiltra-
tion. There is a limited number of repair options 
for highly deteriorated LJs. Microsurface treat-
ments are one option that shows promise. 

For more information: mark.watson@state
.mn.us or roger.olson@state.mn.us.

Surface Treatments
Tom Wood recommended the following to get 
the most out of pavement maintenance proce-
dures.

Chip Seal
• Do it early in the pavement’s life.
• Do it early in the summer to facilitate curing.
• Use the best possible specifications.
• Design three aspects of the project: 1) binder, 

2) aggregate, 3) application rate.
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• Adjust binder application rate based on pave-
ment age and condition.

• Pay attention to construction details.
• Sweep the same day or next day.
• Fog seal non-residential roads.

Microsurfacing
• Use it in appropriate situations such as:  1) 

rut-filling and other surface irregularities, 
2) night work, 3) where fast traffic return is 
important.

• Design the project to include restoration of 
cross-slope if needed.

• Fog seal all surfaces first.
• Calibrate the microsurfacing machine.
• Use trained inspectors.

Fog Sealing
• Use it on shoulders, cul-de-sacs, recreational 

trails, parking lots, and over chip seals.
• Crucial factors: 1) proper materials, 2) appli-

cation rate, 3) calibrated equipment.
• CSS-1h diluted 1:1 by mfgr. Is recommended 

for chip seals on non-urban roads, shoulders, 
recreational trails, cul-de-sacs, and parking 
lots.

• CRS-2Pd (i.e., CRS-2P diluted 1:3 with water) 
is recommended for shoulders of any age and 
older recreational trails.

For more information: thomas.wood@state
.mn.us.

Thin Unbonded Concrete Overlays
Unbonded concrete overlays (UBCOs) include 
a stress-relieving layer between the new and old 
concrete layers, which is usually either a dense-
graded or permeable asphalt layer—or, more 
recently, an unwoven fabric. UBCOs are one of 
the best-performing solutions for restoring and 
improving concrete pavements. However, with 
no mechanistic-empirical design method avail-
able for UBCOs, their superior performance may 
be due only to the fact that they are commonly 
applied in thick—and therefore expensive—slabs, 
typically 7 inches.

Tom Burnham discussed a research project 
whose goal is to optimize UBCO slab thickness. 
The project includes construction of instrument-
ed 4- and 5-inch-thick UBCO slabs in 2008 at 
MnROAD and on TH53 near Duluth. To exam-
ine a thin UBCO’s ability to bridge over severely 

distressed joints, a pavement breaker was used 
on some of the MnROAD panels to artificially 
increase joint deterioration. Early observation of 
these test sections shows:
• The TH53 section is generally performing 

well.
• At MnROAD, a significant number of low-

severity corner cracks have appeared in the 
4-inch-thick sections. This is probably due to 
traffic impact on warped and curled corners 
that, in turn, are due to a high length-to-
thickness ratio.

• There is little correlation between cracking in 
the thin overlay and transverse joint distress 
in underlying slabs.

For more information: tom.burnham@state
.mn.us.

Taconite Aggregate in 4.75 mm Asphalt Mix
Ed Johnson reported on an ongoing project 
designed to assess a 4.75mm HMA Superpave 
mixture composed of taconite tailings, a gran-
ite manufactured sand, and a PG 64-34 asphalt 
binder. This mixture, which was designed by the 
National Center for Asphalt Technology in Au-
burn, Alabama, is being assessed for use in thin 
surface courses and other thin lift applications. 
A test section on MnROAD’s I-94 segment in 
Albertville, Minnesota, was constructed in 2008 
with a 2-inch layer of the subject mixture over a 
5-inch jointed concrete pavement. Preliminary 
(one-year) results showed good performance: 
• Ninety-five percent of the test section has 

developed less than 0.09 inch of rutting.
• Sections with the taconite tailings exhibited 

1.4 dBA less tire-pavement noise than control 
sections.

• Cracking surveys showed that reflective 
cracks had developed at the rate of 61% for 
doweled joints and 80% for undoweled joints.

• When compared with 25 dense-graded test 
sections at MnROAD, the 4.75mm surface 
showed excellent friction performance.

For more information: eddie.johnson@state
.mn.us.

Effect of Farm Equipment Vehicles on 
Pavement Performance
Shongtao Dai reported on an ongoing pooled-
fund project to study the effects of today’s larger 
farm equipment on asphalt pavements. Two in-



13

strumented pavement sections were constructed 
in 2008 at MnROAD: One is 5.5 inches of HMA 
over a 9-inch gravel base; the other is 3.5 inches 
of HMA over an 8-inch gravel base. Several dif-
ferent vehicle types are being used on these pave-
ments twice a year (spring and fall) at various 
speeds, offsets, and load levels. 

For more information: shongtao.dai@state
.mn.us. TERRA has also published a fact sheet 
about the preliminary findings, available for 
download at www.terraroadalliance.org
/publications/factsheets/farmimplements.html.

In-place Recycling Using Stabilized Full-Depth 
Reclamation
Shongtao Dai also reported on a project to 
demonstrate and test the concept of stabilized 
full-depth reclamation (FDR) as a pavement 
base material. The typical FDR process consists 
of grinding the HMA surface layer with a speci-
fied depth of base material, injecting additional 
asphalt emulsion, and in some cases adding 
materials to stiffen the mixture. In this project, 
which was constructed in 2009, three different 
formulations were used with varying depths 
of grinding, varying ratios of HMA to base (or 
in the case of a full-depth HMA layer, HMA to 
subgrade), varying amounts of additional asphalt 
emulsion—and in one case, addition of fly ash as 
a stabilizer. These sections are on the I-94 main-
line at MnROAD’s Albertville facility. To date, the 
test sections have received about 20% of the ES-
ALs for which they were designed and have gone 
through one spring thaw. Performance of all cells 
is encouraging with no cracking, minimal rutting, 
and no other notable distresses. 

For more information: shongtao.dai@state
.mn.us.
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Session 3: The Road Less Traveled
Moderator: Sue Miller, Freeborn County, Minnesota

Shoulder Safety = Shoulder Maintenance
Rick West, Otter Tail County, Minnesota

The evidence is overwhelming: A drop-off of 
three inches or more at the edge of a pavement is 
a very dangerous thing. For example, according 
to The Safety Edge: Preventing Crashes Caused by 
Unsafe Pavement Edge Drop-offs (FHWA-RC-
BAL-04-0015), unsafe edge drop-offs cause an 
estimated 11,000 injuries and 160 deaths each 
year on American highways—at a cost of about 
$1.2 billion.

In his presentation, Otter Tail County Engineer 
Rick West addressed the safety edge and other 
strategies related to shoulder maintenance. West 
began by briefly describing the Otter Tail County 
road system:
• The entire 1,051-mile county system is paved.
• Due to a large number of lakes, about 1/3 of 

the system is on horizontal curves.
• About 1/3 of the system has gravel shoulders 

that are 3 feet wide or less.
• Run-off-the-road crashes constitute about 

25% of the county’s crashes.

Get them back in the lane
“Drivers are going to go onto the shoulders,” West 
said. “So we need a warning that you’re on the 
shoulder or about to enter the shoulder—and we 
need to give drivers a safe way to get back in the 
lane.” He listed a range of edge safety strategies, 
including edge marking, pavement markings, 
reflective curve markings, and intelligent trans-
portation systems (ITS) dynamic warnings. But 
he said the approach that has generated the most 
positive comments from the public is rumble 
strips: “We now have about 600 miles with a 
6-inch [rumble strip] edge line. There are some 
complaints about noise, but I think it’s a great, 
low-cost tool in the tool box.”

The safety edge
West also declared himself “pro-safety edge.” 
He said a safety edge—a 30° beveled pavement 
edge—“means less than 1% of added mate-

rial—and virtually no difference in cost. When I 
drove on one of our safety edges, I could run off 
at 55 [mph], and come back on at same speed. 
If there had been a standard vertical edge, you 
wouldn’t try that.” He discussed an overlay project 
in which there is a safety edge leading to a paved 
shoulder: “The contractor designed a round-
edged shoe to make the safety edge; there was no 
spring pressure. There’s now about a ½-inch drop. 
There is an issue with compaction of the safety 
edge, but I think the contractors will work that 
out. We have no problems to date; there has been 
no edge breaking.” 

West also said the safety edge provides a benefit 
on roads with aggregate shoulders: If an aggregate 
shoulder can’t be topped up every year because 
of budget limitations, the safety edge will help to 
prevent crashes that would be more likely to oc-
cur if there was a drop-off.

Shoulder maintenance
 “Most of our roads were paved in the late 1950s 
and ’60s,” West said, “but not a lot of effort was 
put into replacing inappropriate subgrade soils—
and now that’s haunting us. We have increased 
the amount of our resources devoted to regularly 
scheduled shoulder maintenance.” He reviewed 
several strategies:
• Widening shoulders—“We’ve done two 

projects to widen the roadway in order to 
increase shoulder width, but we didn’t do 
much to change the subgrade. When it was 
all said and done, the cost was about the same 
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as if you had totally rebuilt that roadway. So I 
don’t really recommend this—particularly in 
these economic times.”

• Stabilizing aggregate shoulders—“Use qual-
ity surface aggregate—not a base aggregate. 
People will put the Class 5 left-over from a 
reconstruction project into the bottom of a 
shoulder and then top it off with Class 1. We 
have done that in the past, but I wouldn’t do 
it today. By doing that, you’re compromising 
your shoulder. We pay for trucking to get the 
good material.”

• Reshaping aggregate shoulders—“We find 
shoulders that slope back toward the road. 
Sometimes, it happens because a mainte-
nance crew has gone in to fill in the edge after 
a washout—and the material gets pushed up 
to the edge of the shoulder.”

• Compacting shoulders—“It’s difficult to 
achieve the same compaction on the shoulder 
as on the mat. But in my mind that’s not a 
huge issue.”

• Developing a shouldering program—“We’re 
going to shift some of our crew time from 
crack sealing to shouldering. We have prob-
ably put more effort on the driving lanes and 
neglected the shoulders—and we’re going to 
reverse that to some extent.”

• Spot shouldering vs. full-length shoulder-
ing—“Spot shouldering is somewhat inef-
ficient; you do a lot of jumping around—as 
opposed to full-length projects where you’re 
going to cover a lot of territory.”

On the Trail of Better Trail Maintenance—Best 
Practices

Duane Schwartz, Public Works Department, Roseville, Minnesota

The city of Roseville, Minnesota, began building 
recreational trails in the 1970s and now has about 
75 miles of trails within its borders. That’s good 
for Roseville residents who collectively placed 
trails near the top of their wish list when asked 
for input on a recent master plan. In fact, trails 
are a growth area for public works throughout the 
state—and they’re not just for recreation. With 
lobbying by the “Complete Streets” movement 
and an increase in bicycle commuting, trails are 
viewed more and more as an integral part of our 
infrastructure.

Roseville Public Works Director Duane 
Schwartz sees both the up- and down-sides of the 
growth in interest in trails. In his presentation, 
he remarked that, by the late 1990s, “the mainte-
nance supervisor started telling me about surface 
distress and oxidation on our trails. So do we re-
place them all? Well, unlike streets and highways, 
there’s not a lot of dedicated money for trails. So 
that sparked our interest in better maintenance to 
prevent UV damage, oxidation, and infiltration.”

Schwartz said trails are expensive, in part 
because “we often build them where there are 

already trees, landscaping, retaining walls, lakes, 
wetlands, utilities, and narrow right-of-ways. And 
the soils underneath are often not the best for 
structure. In Roseville, we’re sometimes build-
ing trails over peat—and typically there isn’t the 
money to [replace that soil] as you’d do for a 
road.”

Schwartz went on to discuss several promising 
trail maintenance practices identified in Roseville 
and as a result of Minnesota Local Road Research 
Board Investigation 876: “Preventive Mainte-
nance for Recreational Trails.” He recommended 
crack sealing if done with end users in mind, 
pointing out that “Roller bladers can’t handle a 
wide routed longitudinal crack—they might take 
a tumble.” Similarly, he said chip seal materials 
must be chosen carefully. He has had good re-
sults—and thumbs up from roller bladers—with 
1/8-inch-minus Dresser Trap Rock “Trail Mix.” 
He also recommended slurry seals and microseal-
ing—but reserved special praise for fog sealing, 
calling it “probably the most important thing 
we’ve seen.”
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Schwartz provided these suggestions for fog seals 
on trails:
• Fog seal early in a pavement’s life; [DNR’s] 

Central Lakes Trail was fog-sealed immedi-
ately after initial paving; a second fog seal was 
done six years later; “it still looks like new.”

• Polymer-modified asphalt works well.
• CRS2-Pd stays on surface; optimal coverage 

is 0.8 – 0.13 gallon/sq. yd.

• CSS-1h soaks in; optimal coverage is 0.12 – 
0.14 gallon / sq. yd.

• It’s important to keep users off trails during 
fog seal cure time; friction levels become ac-
ceptable after about a week—even for roller 
blades.

Gravel Road Maintenance
Ken Skorseth, Local Technical Assistance Program, South Dakota State University

Ken Skorseth discussed three critical issues facing 
unpaved roads: roadway geometry, surface gravel 
selection, and modern traffic designs.

The major concern Skorseth highlighted in re-
gard to road geometry is the crown. “I have tried 
to drive the point home, for years, that the crown 
on a gravel road is critical,” he said.

Skorseth suggests the crown be created with a 
4 percent grade, which is roughly a ½-inch drop 
per foot on a cross slope. He advises not to get 
carried away with the crown because it can cause 
vehicles to become top heavy. Additionally, he 
suggests using a standard crown gauge to read 
and check the crown.

The second concern Skorseth commented on 
was high shoulders, which impede water runoff. 

The next topic he covered was surface aggregate 
materials. He emphasized using materials that 

create a bound state and resist corrugation. Many 
states do not have a gravel aggregate specifica-
tion; however, surface aggregate should have a 
plasticity index between 4 and 9 percent to create 
a binding characteristic, he said. Base aggregate 
should have no plasticity. “We want it clean and 
drainable, because it has a completely different 
function,” he said.

One major modern traffic problem for rural 
roads is agribusiness. Large agribusiness leads 
to higher traffic with heavier loads on gravel 
roads. This increased traffic causes an increase 
in gravel loss, normally down into the subgrade 
of the road. Skorseth suggested using geotextiles 
or geosynthetics to “keep those silty or silt-clay 
subgrade soils from pumping into that surface ag-
gregate layer and contaminating it under loads.”

Five qualifiers should measure the performance 
of a gravel road, Skorseth said. The first qualifier 
is drainage. Is the water draining correctly? The 
second qualifier is the examination of the quan-
tity and quality of the surface aggregate. The third 
qualifier to look at closely is the ability of main-
tenance staff to retain shape and geometry. The 
fourth is geotextiles; an engineer should decide if 
they should be added. “Those really save gravel in 
the end,” he said. The fifth qualifier, stabilization, 
should be considered if the cost of it is equal to, 
or less than, the annual replacement of aggregate 
completely.
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Session 4: Roads and Loads
Moderator: Jerry Geib, Minnesota Department of Transportation

Road Damage: The Unintended Consequence of Wind 
Farm Development

Tim Stahl, Jackson County, Minnesota

The wind farms are coming whether we like it 
or not (and there are loud voices on all sides of 
the issue). Minnesota is currently fifth in wind 
power capacity after Texas, Iowa, California, and 
Washington. At the end of 2007, nine counties 
in southwestern Minnesota had 1024 megawatts 
(MW) of installed wind energy capacity. Experts 
estimate that our state’s capacity will be from 
4,000 to 6,000 MW by 2025. Currently, there are 
existing or permitted “Large Wind Energy Con-
version Systems” (LWECS—defined as potential 
producers of 5 or more MW) in more than ¼ of 
Minnesota’s 87 counties.

In addition to the promise of clean energy, 
this growth industry is bringing other benefits 
to Minnesota. Wind farm construction provides 
jobs. Furthermore, the state exacts a wind pro-
duction tax that varies from 0.0012 cent per KWh 
for smaller projects (250 KW – 2 MW) to 0.012 
cent per KWh for projects of 12 MW or more. At 
the TERRA Pavement Research Conference, Jack-
son County Engineer Tim Stahl estimated that 
this results in payments of $5-6,500 per tower per 

year for the projects in his southwestern Min-
nesota county. Stahl went on to say that this is 
currently putting about $1.2 million per year into 
the coffers of Jackson County and its townships.

But Stahl also outlined an unintended conse-
quence of wind farm construction: major damage 
to county and township roads that were never in-
tended to carry the multiple large loads involved 
in wind farm construction. The gross weight of 
a truck carrying the generator that will sit atop a 
typical 2.5 MW wind tower is 218,000 pounds. 
The gross weights of trucks that carry tower 
sections vary from 134,000 pounds to 232,000 
pounds. In addition, large amounts of concrete, 
rebar, and gravel are hauled in to construct wind 
farms. The chart below is Stahl’s comparison 
between the load placed on county roads in one 
Jackson County township by hauling crops (the 
short black bars) and the loads placed on those 
same roads by wind farm construction (the tall 
terra cotta bars). All loads are shown in equiva-
lent single-axle loads (ESALs).

8000

7000

6000

5000

4000

3000

2000

1000

0
15 17 3616 353427262523222120

ES
AL

’s

Section

3 
tu

rb
in

es

3 
tu

rb
in

es

3 
tu

rb
in

es

7 
tu

rb
in

es

7 
tu

rb
in

es

6 
tu

rb
in

es

6 
tu

rb
in

es

5 
tu

rb
in

es

5 
tu

rb
in

es

8 
tu

rb
in

es

9 
tu

rb
in

es

4 
tu

rb
in

es

2 
tu

rb
in

es

Heron Lake Township
Wind Turbine ESAL Increase

Loads placed on county roads by hauling crops (black bars) vs. wind farm 
construction (terra cotta bars)



18

Recent permits issued for LWECS by the Min-
nesota Public Utilities Commission (PUC) state 
that the permitee “shall identify all state, county 
or township roads [to be] used for the LWECS 
project and … shall make satisfactory arrange-
ments … for maintenance and repair of roads 
that will be subject to extra wear and tear due to 
transportation of equipment and LWECS compo-
nents.” However, currently, neither PUC permits 
nor any statute decrees that any portion of the 
taxes or fees collected from wind farm developers 
must go into reconstruction of county roads.

Stahl said that, prior to wind farm construction, 
there was no charge for permits in his county. 
Then, he said, he received a call in the middle of 
the night informing him that a large wind farm 
construction crane had been moved on a county 
gravel road and had depressed the surface six 
inches. “So we got smarter and started issuing 
moving permits,” Stahl said. “We charge $25 for 
seven axles or less and $100 for more than seven 
axles. From this, we recouped about $50K.” Stahl 
has developed other permits for driveways, utili-
ties, and road crossings.

The photo below shows a wind turbine blade 
on a truck. It also shows how intersections must 
be widened to handle the large turning radii of 
these trucks. Stahl said this relates to another set 
of issues: “When you change the intersection like 
that, you have to move the stop sign back. So we 
had to work out who is in charge of moving the 
sign — and who will be liable for that?” To be 
sure situations like this are handled according to 
applicable guidelines and statutes, Stahl said he 

assigns a county employee full-time to monitor 
wind farm construction.

In 2009, Stahl and county engineers from sever-
al other southwestern counties formed a commit-
tee that applied for and received a research grant 
from the Minnesota Local Road Research Board. 
The group has two objectives:
• Develop a tool that local agencies can use 

in dealing with large traffic generators such 
as wind farms, ethanol plants, and power 
plants. The tool will be published online and 
available to anyone. It will include a model 
county-developer road agreement and a list 
of consecutive milestones that a county engi-
neer or other official should achieve to define 
and monitor projects. The online tool also 
will contain comments from public officials 
with experience in dealing with large traffic 
generators as well as links to statutes, guide-
lines, and articles.

• Develop a way to calculate the consumption 
of roadway life by large traffic generators. For 
this part of the project, Professor James Wilde 
of Minnesota State University, Mankato is 
working with the committee.

The committee will publish its work in 2010.

An article in the Wisconsin LTAP newsletter provides a 
good overview of what a county should do to monitor 
and control wind farm construction. The article, which 
lists the following major guidelines, is available online 
through the Montana LTAP: http://www.coe.montana.
edu/ltap/pages/2010winternewsletter.pdf

1.   Schedule early planning session.
2.   Identify local concerns.
3.   Establish single point of contact.
4.   Designate all staging areas and routes.
5.   Issue permits for all access points.
6.   Issue blanket moving permits.
7.   Conduct daily inspections.
8.   Inspect all routes after project completion.

Photo courtesy Jackson County
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2009 Truck-Weight Road Limit Changes
Greg Hayes, Minnesota Truck Weight Education Instructor, Alexandria Technical College

Truck-weight laws were changed in Minnesota 
during the 2008 and 2009 legislative sessions, 
and Greg Hayes, who teaches LTAP’s “Minnesota 
Truck-Weight Compliance Training,” presented 
information on the changes.

The major changes in the laws opened the pos-
sibility for trucks to carry heavier loads seam-
lessly across state, county, and city roads. Agri-
cultural permits allow up to 90,000 pounds on 
trucks with six or more axles, and 97,000 pounds 
on trucks with seven or more axles. Additionally, 
the law has eliminated the 73,280-pound gross 
weight cap on roads. The removal of the cap al-
lows 9-ton and 10-ton roads to function in much 
the same way, because the axle configurations of 
9- and 10-ton limit are very similar. “So now you 
have 10-ton loads, on five-axle semis, hauling 
80,000 pounds seamlessly on paved roads from 
the state system to the county system to the town-
ship systems, unless roads are posted (restricted) 
otherwise,” Hayes said.

Posted road signs trump the law. “You can 
control the amount of truck traffic by how you 
post the axle weight limits,” he said. Or, “You can 
control it by posting a gross (maximum) weight 
limit,” he added. A paved route will remain at 10 
tons unless you post it down, he said. “So if you 

don’t post or restrict your paved roads when the 
road restrictions are in force, they remain at 10-
ton limits.”

As before, all unpaved roads reduce to 5-ton 
axle limits during spring load restrictions (with-
out a sign) unless otherwise posted. “If you want 
to allow more weight, you have to post it above 
the 5-ton default limits,” Hayes said.

The winter load increase allows up to a 10% 
weight increase on all unrestricted roads during 
the winter when roads are frozen and the winter 
load increase is in effect. “However, road authori-
ties have the right to post any road to a lesser 
weight to limit unreasonable damage,” Hayes said.  
Posted roads normally impact only axle weight.  
A posted 9- or 10-ton road would not receive 
increased axle weight during the winter load 
increase.  However, any unposted roads (includ-
ing 9-ton gravel roads) would be allowed the 
increases.

Hayes’s truck-weight class is offered through 
Minnesota LTAP’s Roads Scholars program 
as a one-day,  one-credit elective class. For 
more information on Minnesota truck-weight 
compliance, please visit http://www.mnltap
.umn.edu/About/Programs/TruckWeight 
/CalculationSamples/index.html.




