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Realizing

the benefits
of

knowledge




The Minnesota Department of
Transportation (Mn/DOT) 1999-2001)
Transportation Research Biennial Refort
includes research and implementation
activities that have been ongoing or
completed from July 1, 1998, through
June 30, 2000. Eight sections highlight
research accomplishments and
directions in transportation modes,
economic issues, maintenance, the
environment, infrastructure, planning/’
design, and traftic management. Fach
section emphasizes some significant
accomplishments of the Mn/DOT Realizing the Benefits of Knowledge .................... 2
research program and the people who
influence it.
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Planning and Design .
The opening section, Realizing the
Benefits of Knowledge, offers insights
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on the management and administration
of almost $12 million in yearly funding ’
from a variety of sources for transporta- BOdge: oo bl Slmnai St e . EAd S b e e AL ¢
ton innovations. The research commu-
nity within Mn,/DOT is diverse in its MATTETANECE £ ot e s it s & RN S S RO S, 32
interests and goals, yet shares a com-
mon purpn_s('. Lo improve Minnesota’s e o (e s ex e s M v E e e ani e 40
ransportanon system.
This biennial report is not a complete b L e e it

listing of every project conducted
during a two-year period. Rather, it is
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meant to provide a general overview of b ”
Mn,/DOT’s research program and tell
some interesting stories about our ECOTEOMY v wmnssionionas amsnsoaibe sit i mab ot ot i wiiee i S tego dhe g s OB

research and research champions, the
people whose investment of time pays
off in many notable ways.

You can learn more about Mn/DOT
and its research by visiting our web site
at www.dot.state.mn.us. We welcome
questions and suggestions. Please con-
tact us at 651 /282-2274 or research@
dot.state.mm.us. We hope to continue
learning from each other and improve
our programs by sharing what we learn.
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Research discovers
a solution that
saves millions in

Spring road repair

New approaches and collaborations succeed in
strengthening Minnesota pavements

Spring is a most dangerous ume for roads. As the
temperature rises and the thaw begins, low-vol-
ume asphalt roads weaken under the weight ol
heavy transport, causing damage that ultimately

requires repair or replacement.

Because of the wear-and-tear to many of Min-
nesola’s roads, procedures to restrict the load on

roads during the early spring have been devel-

oped. In 1999, though, thanks to the results of

Mn/DOT research, the state changed the way it
posts those spring load restrictions, with an esti-
mated approximate annual savings of more than
S10 million.

About four vears ago, Mn/DOT’s Office of Mate-
rials and Road Research wanted to explore new
approaches to reducing road damage that occurs
during the spring thaw. David Retmer and his col-
leagues Jill Ovik, John Siekmeier, David Van
Deusen, and Greg Johnson began evaluating the
spring load procedure and looking for improve-
ments,

The past spring load restriction policy involved
monitoring conditions that contribute to spring
load damage, taking thaw depth measurements,
and analyzing weather condirions and forecasts.

As a first step, researchers reviewed previous stud-
ies and practices of other states that face similar
road damage caused by spring thaw. The Wash-
ington State Departnent of Transportation devel-
oped a thawing index equation based on air tem-
peratures. Mn/DOT researchers adjusted the
reference temperature in the equation, which
improved the spring-thaw prediction.

Mn/DOT researchers then compared predicted
and acrual spring load restriction placement
dates from 1986 to 1998 and discovered that typi-
cally spring load restrictions were placed a week
or more later than predicted rates indicated,
causing preventable damage. Further research
took place at the Minnesota Road Research Facil-
ity (Mn/ROAD), Mn/DOT’s pavement testing
facility located on Interstate 94 near Monticello,
Minn. Those results helped shape a new method
for placing and removing spring load restrictions
throughout the state.

Research revealed that a quick response is key to
minimizing damage. “That was a big finding for
us, because it tells us that the best time to take
action is right away,” says Glenn Engstrom, P.E.,
and manager of the Minnesota Road Research
Section. “With most of the damage occurring
early, those first few weeks can make a huge dif-
ference.”

Mn/DOT’s new approach addresses the tfiming
issue. The current Mn/DOT policy uses actual
and forecasted average daily temperature to
determine the timing ol spring load restrictions.
The start of the spring load restrictions may vary
from one part of the state to the next, depending
on temperature, Once set, the restriction period
lasts eight weeks, the time required for the pave-
ment base and subgrade layers to regain suflicient
strength to support heavy truck loads. The eight
weeks also allows for various users to plan for
when the restrictions will be removed. In the past,
this period varied and, therefore, limited the abil-
ity to plan.

With 39,000 miles of Minnesota roads impacted
by spring thaw, the implementation of this
research project translates into significant sav-
ings. Researchers estimate that the more precise
method of placing spring load restrictions stands
to increase the lite of atfected roads by 10 per-
cent, for a conservative savings estimate of $10

million annually.
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Minne-ALF Project
Overview and Retro-Fit
Dowel Study Resuits

A laboratory-based linear
loading pavement test stand,
the Minnesota Accelerated
Loading Facility (Minne-ALF}
simulates the passage of
heavy traffic loads moving at
speeds up to 65 kph (40 mph)
over small, full-scale pave-
ment test slabs. Hydraulic
actuators control a rocker
beam, which simulates loads.
Researchers simulated the
passage of 40-kN (9-Kip) sin-
gle-wheel loads at a rate of
172,000 per day, although

In 1999, Mn/DOT first launched the new spring
load restriction procedure, in cooperation with
cities and counties. It drew such support that city
and county officials proposed a change in state
law to accommodate the new procedure.

The Minnesota Legislature approved the new pol-
icy for statewide execution and also requested the
establishment of a task force to study the eco-
nomic impact of spring load restrictions on Min-
The
research to determine the actual costs and bene-

nesota. task force recommended further

fits of spring load restrictions.

As part of implementation, Mn/DOT established
a toll-free phone number for cities and counties
to call for information about posting spring load
restrictions and also posted details on the
Mn/ROAD web site.

“We continue to work closely with other mainte-
nance departments to help make this happen at
the right time,” says Engstrom. “We want to do a
better job. The more precisely we can determine
the pavement’s vulnerability, the better job we can
do minimizing the damage to the road while
keeping the roads open as long as possible.”

Use of reclaimed materials offers

practical benefits

Otter Tail Counrty wanted alternatives for its glass
recycling program and began exploring the use
of glass in Class 5 aggregate.

The county blended glass with virgin gravel
aggregate during normal crushing operations,
and then placed the mix as a new road aggregate
base for county highway 74 near Amor, Minn.

Ramsey County successfully used crushed,
screened glass in its Larpenteur Avenue recon-
struction project. The county specified a six-inch,

Class G aggregate base containing reclaimed glass.

Because reclaimed glass offers benefits to addi-
tional counties and cities that face the challenges
of limited landfill space and the need for quality
material for road construction, three agencies
collaborated to explore the use of reclaimed glass
in aggregate base.

Mn/DOT, the Minnesota Office of Environmen-
tal Assistance, and the Local Road Research
Board undertook two important initiatives. The
project team and Mn/DOT completed the writ-

wheel loads up to 100 kN (22
kips) can be simulated at
varying speeds. Full-axle simu-
lations are possible with
frame modifications.

Concrete slabs were cast
and dowels were installed in
slots across cracks/joints.
Test variables included
joint/crack face texture,
repair backfill material, and
dowel material and length.
Test outputs included meas-
urements of load transfer
efficiency and differential
deflection across the
Jjoint/crack.

The effect of joint/crack
face texture was great when
the joint/crack remained
tight. Load carrying perform-
ance was improved using
Speed Crete 2028 in place of
3018 concrete backfill with
similar joint and dowel bars.
Load transfer was unaffected
by the use of stainless steel-
clad dowel bars in lieu of
epoxy-coated steel dowel
bars. Researchers recommend
additional testing to examine
the effects of dowel length
and various dowel materials,
including stainless steel tubes
and fiber-reinforced plastic.

\

Mechanistic-Empirical
Flexible Pavement
Thickness Design: The
Minnesota Method

This project documents
the development of a mecha-
nistic-empirical (M-E) flexible
pavement thickness design
method for use in Minnesota.
The research includes a com-
prehensive literature review
of the state of the practice.
Mn/ROAD served as the pri-
mary source of data, in addi-
tion to information from the
literature, during the develop-
ment of the method.

The mechanistic pavement
model, WESLEA, provided rea-
sonably accurate pavement
response data and was cho-
sen as the model for Min-
nesota. Pavement material
properties and traffic loads
were characterized using
Mn/ROAD data. These charac-
terizations were used both as
input to WESLEA and to cali-
brate pavement performance
equations to Minnesota condi-
tions. The two modes of
distress considered in this
method are fatigue cracking
and rutting. Fatigue perform-




ing of a new specification that includes reclaimed
glass as an option for Class 7 aggregate. In addi-
tion, the Center for Transportation Studies at the
University of Minnesota developed outreach and
educational materials on the use of reclaimed
glass in aggregate mix.

In spring 1999, Mn/DOT issued a new specifica-

tion with some key new features:

® The specitication includes the use of 10 percent
reclaimed glass in aggregate material for road
base.

® [t creates a new class of aggregate materials—
known as Class 7—which represents aggregate
mixtures that contain salvaged/reclaimed
aggregate materials.

® It allows contractors to include the use of

reclaimed glass in their bid unless the purchas-

ing government agency specifically excludes

reclaimed glass in their written project specifi-

cations.

Reclaimed glass is not the only reclaimed material
in the mix. For the past decade, Mn/DOT has
explored the potential use of a variety of
reclaimed materials including recycled asphalt,
recycled concrete pavement, taconite tailings,

roofing shingles, industrial

ashes, and tires, among

others.

Two forces drive the investi-
gation into reclaimed mate-
rials: the cost and availabil-
ity of virgin aggregate and
the increasing need to
reduce material in landfills.

For Mn/DOT, the research

makes particular sense.
“We are a larger user of
aggregate for state highway
construction projects, and
we also develop specifica-
tions that cities and coun-
ties use,” says Roger Olson,
research operations engi-

neer.

Recycled asphalt was one of the first reclaimed
materials that Mn/DOT researched and began
using. Many other cities and counties followed
suit, resulting in less waste and cost savings.
Reclaimed asphalt pavement reuses 1.5 million
tons per vear of asphalt that would otherwise be

The use of reclaimed glass
in aggregate base offers
economic and environmen-
tal benefits.
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Minnesota Low Volume
Road Design

In this project, researchers
examined the current prac-
tices that local agencies use
and evaluated the thickness
design procedures by compar-
ing predicted lives for the
current designs with those
obtained from the mechanis-

ance is a function of tensile
strain at the bottom of the
asphalt concrete layer while
the rutting is a function of
compressive strain at the top
of the subgrade. It was rec-
ommended that load spectra
be used to characterize
traffic.

The computer program,
ROADENT, resulted from this
research. An interactive

tic-empirical design procedure
ROADENT.

design tool, the program runs Researchers determined
in a Windows environment. current practices by sending
a questionnaire to all cities
and counties and visiting two

counties and one city. In gen-

eral, the questionnaire of rut depth are not consis-
tent with the current designs.
To develop consistent pro-
cedures for the design, con-
struction, and management

of low volume roads in Min-

responses show that cities
and counties use a variety of
practices for the design, con-
struction, and management
of low volume pavements in
Minnesota.

Relative to the current
designs, ROADENT predictions
of fatigue behavior require a
thicker design for medium
and high-traffic roads than
the Soil Factor design, and a
thicker design for high-traffic
roads than the R-Value proce-
dure. The required thick-
nesses based on development

nesota, researchers recom-
mended converting the dif-
ferences in performance
predictions to thicknesses
through the use of existing
procedures and the mechanis-
tic-empirical procedure; devel
oping a best practices man-
ual; and implementing the
design procedure and manual.

\

Incorporation of Reliabil-
ity Iinto the Minnesota
Mechanistic-Empirical
Pavement Design Method
This research incorporated
reliability analysis into the
existing mechanistic-empirical
(M-E) flexible pavement
design method for Minnesota.
Reliability in pavement design
increases the probability that
a pavement structure will
perform as intended for the
duration of its desian life.
This research quantified
the variability of each pave-

continued next page
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ment design input and devel-
oped a rational method of
incorporating reliability analy-
sis into the M-E procedure
through Monte Carlo simula-
tion.

Researchers adapted the
existing computer program,
ROADENT, to allow the
designer to perform a reliabil-
ity analysis for fatigue and
rutting. A sensitivity analysis,
using ROADENT, identified the
input parameters with the
greatest influence on design
reliability. Comparison designs

considered waste. This material is used for hot
and cold mix asphalt aggregate, granular and sub-
base aggregate, and embankment and engineer-
ing fills. Minnesota also reuses about 300,000 tons
per year of reclaimed concrete pavement.

Research is critical in determining the impact of
reclaimed materials in aggregate mixes, says
Olson. Mn/DOT’s
reclaimed materials

process for evaluating
includes environmental
assessment, laboratory and field testing, and

review by a variety of offices.

Minnesota also learns from the practices of other
countries. Gerald Rohrbach, director of the
Office of Materials and Road Research, partici-
pated in a scanning tour of European countries to
learn about their use of waste products in trans-
portation projects. The Federal Highway Admin-
istration sponsored the tour and plans to share
information and recommendations.

With outreach initiatives to demonstrate the use
of reclaimed glass and roofing shingles, Mn/DOT
continues to explore alternatives. For example,
research on lightweight tire fill material resulted
in its use as part of a new ramp construction in
Pine City, Minn.

“We look for a variety of qualities,” says Olson.
“The material needs to be environmentally
sound, and the process to use the material must
be economically feasible. Also of great impor-
tance is the question of does it offer equal or bet-
ter engineering properties.”

Mn/DOT joins forces with other
states

Minnesota is not alone in its search for solutions,
and Mn/DOT recently joined forces with three

other states to pool resources for research solu-

tions that benefir all those states.

The Four-State Pavement Research Consortium

was the brainchild of transportation practitioners
in Washington and Minnesota, who began dis-
cussing possibilities for collaboration at a Trans-

portation Research Board conference.

“This is a good way for us to conduct research

more quickly and build upon the expertise of oth-

¥

ers,” says Glenn Engstrom, PE., and manager of
“The
states were selected because of their expertise and

the Minnesota Road Research Section.

interest in issues that range from pavements to

construction to rehabilitation to design.”

were performed to check 1-94 Dartmouth Bridge
ROADENT against the 1993 Noise Study

American Association of State Residents who lived near
and Highway Transportation the -94 Dartmouth Bridge

Officials guide and the exist-
ing Minnesota granular equiv-
alency methods. Those com-
parisons showed that
ROADENT produced very simi-
lar design values for rutting.
However, data suggests that
the fatigue performance
equation will require further
modification to accurately
predict fatigue reliability.

noted an increase in traffic
noise that resuited after com-
pletion of bridge construction
in fall 1996. To help reduce
the noise on |94 between
Riverside and Franklin Aves.,
Mn/DOT decided to investi-
gate the effectiveness of dia-
mond grading.

The bridge pavement and
adjacent concrete pavements
were diamond ground.
Researchers performed noise
measurements in the adja-

\

cent residential areas before Load Testing of
and after the grinding, which
was done to entirely elimi-

nate the tining from the

Sections

bridge deck and pavement. of loads on the performance
The grinding specifications of pavement structures is
limited the grinding to critical to successful pave-

approximately 3/16 inch in
depth and taper to no inches
at the inside and outside
shoulders. Researchers meas-
ured traffic and noise levels
at six locations in the study
area. Overall, diamond grind-
ing of tined concrete pave-
ment succeeded in decreas-

models and monitoring
changes in material proper-
ties. This study evaluated

analysis of flexible and rigid

ing noise levels. pavement behavior and

response to vehicle loads

instrumented Pavement

Understanding the impact

ment design. Mn/ROAD offers
an ideal setting for calibrating

existing models for structural

pavements to identify those
that most accurately predict
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Among the leading states in the research, devel-
opment, and deployment of advanced pavement
technology, Minnesota, Washington, Texas, and
California comprise the consortium. Consortium
members began meeting in July 1999 to identify
At
researchers from each state presented informa-

potential topics. subsequent meetings,

tion about their work on specific issues.

It soon became clear that the consortium could
play a significant role in advancing research in a
number of areas. Washington prepared a draft
charter for the consortium, including a process to
select researchers and to fund and manage stud-
ies of interest.

Since its start, the consortium sponsored a South
African/U.S. Pavement Technology Workshop,
held in March 2000, funded a report on improved
field

enhancements, and completed an analysis of lon-

characterization, developed software
gitudinal joint compaction in hot-mix asphalt

pavement.

The consortium also agreed to fund a study on
retrofitted dowel bars, as well as to develop a four-
state Superpave database that can assist in the

evaluation of that pavement mix. It also sup-

ported the monitoring of selected pavement proj-

ects in the four states, and the investigation of

internet-based training technology for applica-

tion among the four states.

Minnesota's

contribution to

the consortium

includes its pavement analysis and design soft-
ware and its PaveCool software, which determines
asphalt conerete cooling times. Minnesota is also
learning from the procedures and research con-
ducted at other states.

Research at Mn/ROAD
explores ways to extend
the life of pavement,
Including reducing alligator
cracks.
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under various climatic condi-
tions. Researchers also used
data from Mn/ROAD to
calibrate the most promising
structural models for flexible
and rigid pavements.

Evaluation of Water
Flow Through Pavement
Systems

This project used com-
puter modeling to systemati-
cally estimate the perform-
ance of various pavement
systems in terms of drainage,
including the effect of water

infiltration through pave-

ments, unpaved shoulders,

and side drainage ditches.

The research resulted in:

* recommendations for the
relative effectiveness of
edge and underdrains, as
well as their optimal loca-
tions in a pavement system.

ranking of the relative
effectiveness of various
pavement configurations in
terms of drainage.
evaluation of current con-
struction techniques used

to place edge drain systems
into pavements.

\

Development and
Validation of Pavement
Performance Simulations
Using FWD Data

As part of previous
projects, researchers created
a pavement performance
simulation environment called
PaveSim. Simulators offer a
method to assess the impact
of types and configurations
of heavy vehicles on pave-
ments. This study further
validated and developed some
of the models within PaveSim.

\

Ground-Penetrating
Radar

A non-destructive testing
technique for detecting pave-
ment-related problems,
ground penetrating radar
(GPR) offers the potential to
reduce overall pavement test-
ing costs and to improve
Mn/DOT's understanding of
the entire pavement struc-
ture. In this project,
researchers conducted and
evaluated GPR testing at loca-
tions throughout Minnesota
on pavement sections that

represent the range of Min-
nesota’s soils and materials.
The researcher presented
findings to Mn/DOT research
staff and compiled raw test-
ing data for future analysis
by Mn/DOT.
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As a result of the consortium, member states have
found that, despite some differences, they share
much common ground, including pavement
design features. In a short time, members have
been able to maximize their knowledge and take
that knowledge to the next level.

“Each of us have various arcas that we are explor-
ing,” says Engstrom. “As we look at our common
problems together, we come up with even more
powerful solutions.”

Drivers share their thoughts on road

conditions

What winter road conditdons make drivers think
twice about taking to the road? Does a smooth
pavement mean the same thing ro a driver as it
does o Mn/DOT? What do drivers think is
important about the pavements that they drive
everyday?

To learn about the perceptions of drivers,
Mn/DOT decided to ask them. Using the tool of
market research, Mn,/DOT has conducted several
surveys of drivers to determine their priorities

when it comes to road conditions.

In one such study, researchers gathered informa-
tion about snow and ice issues. “We wanted to
know more about how road conditions related to
snow and ice removal would affect a customer's
decision to make or not make a trip,” says Lee
Brady, Mn/DOT’s statewide market research
director.

Rescarchers showed about 1,200 drivers videos of
six different stages of actual road conditions dur-
ing a snow removal event. They then asked the
drivers if they would make a trip under different
circumstances given the road conditions,

The research revealed that drivers make certain
types of trips depending on road conditions. “If
the snow wasn’t completely removed, they would
still go to work,” says Brady. “Burt if the trip was an
optional one, they might decide to postpone it.”

The driver’s perception of the road also makes a
difference in their willingness to make a wip. If
drivers can see the edge and centerline, they are
more likely to take their trip. The feedback from
drivers provides valuable information to
Mn,/DOT and its maintenance crews.

“It helps maintenance to determine priorities for
the level of road conditions that they should
achieve for the satisfaction of their customers,”
says Brady. For example, bare pavement may not
be necessary for most drivers to continue their
plans, a piece of important information for devel-
oping plowing schedules.

In another study, market research is helping
Mn/DOT define what smooth pavement means
to drivers. The three-year study recorded the
experiences of drivers as they conducted on-the-
road ratings of pavement smoothness.

The ratings help Mn/DOT evaluate their current
efforts against the perceptions of the drivers in
the study. Ultimately, the ratings from the study
assist. Mn/DOT in making decisions about
resources and in making sure that its customers

are satistied with its services.

“We can com pare what they said with what we are
doing,” says Brady. “We can look at what cus-
tomers are saying, see how they march with what
we are doing, and, if necessary, make adjustments.
This brings us closer to knowing that we are meet-
ing customer needs.”
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l—-" Investigation of Recycled Asphalt Pavement Mixtures

Designed to extend the life of a pavement, the Superpave
asphalt mixture resulted from a federal initiative to improve the
performance, durability, and safety of roads. The binder specifica-
tion for Superpave calls for use of virgin asphalt-aggregate mix-
tures, not recycled mixtures. This project will characterize typical
Minnesota recycled asphalt pavement gradation and other binder
properties, as well as develop a mix design methodology, using the
Superpave approach, to proportion the materials in mixtures that
contain recycled asphalt pavement.

Measurement of Moisture in Aggregate stockpiles
This research aims to develop a practical and accurate field

method for measuring the moisture content of agaregate stock-

piles. Such measurements assist in controlling the proportions of

aggregate and asphalt in the mix. Major components to the project

include the following:

+ identification, assessment, and fabrication of available technolo-
gies for field measurement of moisture in particulate materials

+ development of a laboratory-based procedure for the accurate
measurement of moisture in aggregates and of an experimental
design methodology to calibrate aggregate moisture measure-
ment technologies for field use

« field testing of aggregate moisture technologies

« a field study to determine typical moisture fluctuations in the
aggregate feed during a given asphalt mix production run

+ development of possible plant control strategies and guidelines

Materials Evaluation and Mix Design Procedures for
Cold in-Place Recycling of Asphalt Pavements

Cold in-place recycling (CIR) involves milling all or part of the
asphalt layer, mixing with an asphalt emulsion, and recompacting.
CIR offers several benefits, including reuse of resources that
already exist in the roadway, strengthening of existing pavement
structures, and reduction in energy that results from eliminating
the transportation and heating of materials. From a practical point
of view, the use of cold in-place recycling offers an inexpensive
means of providing a stabilized base for roads and for reducing
pavement cracking.

This research project will evaluate the performance of cold-recy-
cled asphalt mixtures using recycled asphalt pavement from various
locations in Minnesota and a variety of additives.

Superpave Level | Mix Design at the Local Government
Level

In this project, researchers will investigate the feasibility of pro-
ducing high-performance, yet affordable low-volume pavements
using the Superpave mix design procedure. Alternatives that will be
explored include combining locally available aggregates with poly-
mer-modified asphalts or using a less expensive unmodified binder
with high-quality imported agaregates.

—= Field Measurement of Granular Base Drainage

Characteristics

Knowledge of the in-situ drainage characteristics of pavement
base and course subgrade materials at an early stage of the road
desian process allows the pavement designer to avoid many design-
related problems. Using laboratory and field tests, this project will
develop procedures for use of two drainage testing devices. Data
collected from these tests will be used to establish a database and
to analyze the drainage performance of the tested construction
materials. Final products include a manual that explains how to use
the devices and a field demonstration.

Low-Temperature Cracking of Asphalt Concrete Pavements

The ability to model the initiation and spacing of low-tempera-
ture cracks is a necessary component for the development of per-
formance criteria that minimize the occurrence of low-temperature
cracking. This project will develop performance criteria that can be
used to minimize the occurrence of low-temperature cracking of
asphalt concrete pavements in Minnesota. These performance
criteria will be tested and calibrated with actual field data from the
Mn/ROAD site.

Best Practices for the Design and Construction of
Low-Volume Roads

In this project, researchers will develop a low-volume flexible
pavement thickness design procedure based on the latest version
of mechanistic-empirical design developed at the University of
Minnesota. At the end of the project, a best practices manual will be
developed to guide local agencies in the design and construction of
flexible pavements.

Field Measurement of Base and Subgrade Stiffness

This project builds on past research about the in-situ drainage
characteristics of pavement base and coarse subgrade materials.
This project takes that work a step further by focusing on field
testing devices, as well as developing and proposing a new specifica-
tion for efficiently measuring the in-situ mechanical properties of
grading materials during construction. New end product require-
ments, based on shear strength and stiffness, first will be used in
conjunction with traditional compaction requirements to verify
their accuracy.

Mn/PAVE: Adoption of Mechanistic-Empirical Design
Method

Previous research resulted in a computer program, ROADENT, that
allows designers to perform a reliability analysis for fatigue and rut-
ting. Mn/DOT's materials laboratory is modifying and calibrating this
tool to increase its accuracy and plans to produce a new version,
known as Mn/PAVE, for application in the field. Training on the new
Mn/PAVE tool is planned for the spring.
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