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ABSTRACT
The existing version of MnPAVE was calibrated to match the existing R-Value design procedure and typical state highway
pavement structures. Estimates of the seasonal variation in soil and aggregate base material properties were based
primarily on studies done at a single location. This study will produce a version of MnPAVE that focuses on local road
structures and seasonal variations in material properties, specifically during the Spring Thaw period. MnPAVE will
also be calibrated to local road performance data. The results of this research can also be implemented in the
Mechanistic-Empirical Pavement Design Guide developed for NCHRP.

IMPLEMENTATION What methods, procedures, products, and/or standards should change as a result of this research project?
A new design procedure will be proposed for implementation in local road and State Aid pavement design specifications.

What are the specific benefits of this change(s), why would this change(s) be important, and how can these benefits be measured?
Money savings due to improved reliability of pavement designs and a user-friendly mechanistic-empirical pavement design
program calibrated for local roads.
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RESEARCH PROJECT WORK PLAN

Background:
Minnesota’s M-E design program began as a Mn/DOT-funded research project at the
University of Minnesota in the mid 1990’s. The outcome of that research was a
computer programs called “ROADENT”. In 2000, Mn/DOT expanded the ROADENT
software into a new design program called “MnPAVE”. This software was calibrated
using existing R-Value and Soil Factor designs, and validated using MnROAD test
sections. A statewide MnPAVE training program was conducted in 2002.
Resilient modulus testing of aggregate base and soil materials has been conducted for
decades. Mn/DOT is developing a database of resilient modulus test results conducted
on Minnesota materials. The U.S. Army Cold Regions Research and Engineering
Laboratory (CRREL) has performed freezing and thawing tests on several materials
from MnROAD to determine the effects of Spring thaw on the resilient modulus of these
materials.
The University of Minnesota’s Department of Soil, Water & Climate recently completed
a study on the moisture retention characteristics of base and subbase materials. This
data will be useful in developing models that relate moisture content to material
properties needed for pavement design.
Objective:
The lack of a Mechanistic-Empirical design alternative for local roads will be addressed
by this research. A version of MnPAVE that has more detailed material properties and
calibrated for local roads will provide a more accurate pavement design alternative for
local officials.
Scope:
A survey of local road officials will be conducted to collect pavement condition data for
calibrating MnPAVE. Local road performance data will be collected by e-mail and
telephone interviews. An incentive for local road officials to participate will be the
availability of FWD and GPR testing (performed by Mn/DOT) to fill in missing structural
information and access to statewide performance data. This information will be used to
calibrate a new transfer function to predict pavement performance of local roads in
Minnesota.
Models will be selected to predict the resilient modulus of several Minnesota aggregate
base and soil materials during freezing, thawing and other times of the year. The
models will be validated using resilient modulus test data queried from the Mn/DOT
resilient modulus database. Climate models will be used to predict moisture content
and freezing and thawing depths around the state. The models will be programmed into
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a new version of MnPAVE, and the results of the pavement condition survey will be
used to calibrate the existing damage models and/or develop new damage models for
the design of local roads.
Tasks:
Task 1: Survey of Local Road Officials ($18,000)
Submit and e-mail survey through the State Aid office to solicit information that will be
useful in the calibration of MnPAVE for local roads. This will include structural, traffic,
and pavement condition data. FWD and GPR testing will be offered for pavements that
look promising for calibration purposes but have incomplete structural data. An
important distinction in the performance of the pavement is whether the subgrade soil
was compacted according to specified density or quality compaction. Comments and
suggestions for improving the user interface of MnPAVE will also be requested in the
survey.
Deliverable: Letter report, presentation
Task 2: Model Selection ($8,000)
Select appropriate aggregate base and soil resilient modulus models to compare in
MnPAVE. Models will focus on the effects of moisture, freezing, and thawing on the
resilient modulus, shear strength and bearing capacity of the materials. The Mn/DOT
resilient modulus database will be queried for test results to use in selecting the
appropriate models. A climate model will also be selected to predict the moisture
content and freezing and thawing depths around the state. Seasonal moduli will be
compared to the default values in the Mechanistic Empirical Pavement Design Guide
(MEPDG).
Deliverable: Letter report, presentation
Task 3: MnPAVE Programming ($10,000)
Program the selected models in MnPAVE. Include the option of modeling weekly
material property changes during the Spring thaw and recovery periods. Streamline the
user interface so that only features needed for local road design are visible. Implement
suggestions from the survey to make the design process as streamlined as possible.
Deliverable: Letter report, presentation
Task 4: Calibration ($10,000)
Use the survey results to refine the existing damage models (fatigue and rutting) and/or
develop new models to predict the life of local roads. Possible new models to consider
include performance prediction models based on pavement condition indices such as
Present Serviceability Index (PSI), Pavement Distress Index (PDI), Pavement Quality
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Index (PQI), or International Ride Index (IRI). These indices may be useful in
classifying pavements that do not fail in fatigue or rutting.
Deliverable: Letter report, presentation
Task 5: Expand MnPAVE Help Files ($5,000)
Expand the Help files in MnPAVE and with a focus on the local road designer.
Deliverable: Letter report, presentation
Task 6: User’s Guide and MnPAVE CD. ($2,000)
Deliverable: Five-page summary.

Timeline
Task
1
2
3
4
5
6

Description
Survey
Model Selection
Programming
Calibration
Expand Help Files
User's Guide

1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20
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Literature Search:
Materials Characterization
Several research projects have focused on Minnesota paving materials. Ovik et al (1)
characterized the environmental conditions and the effects of Spring thaw on low
volume roads in order to determine the best time to place Spring load restrictions. This
study concluded that M-E pavement design is best accomplished using a 5-season year
(Fall, Winter, Early Spring, Late Spring, Summer) to characterize seasonal changes in
material properties.
Berg et al (2, 3, 4, 5) tested materials from MnROAD in order to develop freezing and
thawing models for use in the CRREL M-E design procedure. The materials tested
cover a wide range of aggregates and soils found in Minnesota.
Jong et al (6) used FWD tests in Wisconsin to determine the effects of freezing and
thawing on aggregate base and subgrade soil moduli. Three flexible pavement
structures were instrumented and monitored for 18 months. FWD tests were conducted
weekly during the spring and monthly during summer and fall. The spring thaw period
resulted in saturated base and subgrade layers and significantly lower modulus values.
The return to pre-freezing modulus values took about four months.
Cole et al (7) used layered elastic analysis (LEA) to relate field and laboratory testing of
freezing and thawing effects on aggregate base and soil modulus. Laboratorydetermined resilient modulus values were entered into a pavement simulation program
to predict deflection basins from FWD testing. The authors determined that simulated
and measured deflection basins showed fairly good agreement for materials in the
frozen, thawed, and recovered states.
Chamberlain et al (8) determined the frozen and thawed resilient moduli for clay and silt
materials. A new method was also developed for measuring Poisson's ratio. Frozen
samples were obtained undisturbed, then tested in frozen, thawed and recovering
conditions. For silt specimens, frozen resilient moduli ranged from 100,000 to
6,000,000 psi (0.7 to 42 GPa), thawed values dropped as low as 600 psi (4 MPa), and
recovered values ranged from 4,000 to 44,000 psi (28 to 300 MPa). Results for clay
specimens were slightly lower.
Johnson et al (9) provide an overview of a six-year research program that developed
laboratory tests and computer models to predict the effect of freezing and thawing on
the resilient modulus of granular soils and base materials. Field sites included six test
sections at the Winchendon, Massachusetts test site and two test sections at the Albany
County Airport in New York State. Numerous measurements were taken during freezethaw-recovery seasons between 1979 and 1983. Three existing frost susceptibility
index tests were evaluated. A new simplified index test was recommended. A
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laboratory test was developed to measure moisture and density changes during
freezing and thawing. A mathematical model for predicting thaw settlement was
evaluated. The authors stated that the frost heave results from the model can be
related to roughness criteria for pavement design. A model was proposed to
characterize seasonal changes in resilient modulus based on changes in moisture.
Lee et al (10) and Simonson et al (11) conducted closed-system freeze-thaw resilient
modulus testing on subgrade soils. Lee et al tested cohesive soils, and found that the
first freeze-thaw cycle resulted in a 30 to 50% reduction in resilient modulus. Equations
were developed to model the resilient modulus of thawed soils. Simonson et al
conducted tests on coarse and fine grained soils and found thaw-induced reductions in
resilient modulus of 20 to 60%.
Gupta et al (12) characterized soil water retention for 25 materials used in Minnesota
pavement construction. The models developed in this study can be adapted to predict
design modulus from material index and moisture properties for aggregate base and
granular subbase for M-E pavement design.
Performance Models
Baladi (13) describes the development of a pavement design program for the Michigan
Department of Transportation (MDOT) that addresses both functional and structural
issues. The goal was to consolidate the various flexible pavement design procedures
used by MDOT into a unified process that optimizes performance while minimizing life
cycle costs. Emphasis was placed on characterizing the engineering properties of
roadbed soils and paving materials. The author recommends using existing M-E design
tools (MICHPAVE and MICHBACK), which are based on layered-elastic analysis and
fatigue and rutting performance models.
Pierce et al (14) describe pavement index prediction models used by the South Carolina
Department of Transportation (SCDOT). The authors used pavement condition data to
calibrate models that predict Present Serviceability Index (PSI), Pavement Distress
Index (PDI), and Pavement Quality Index (PQI) based on pavement type and applied
Equivalent Single Axle Loads (ESALs).
Kher and Phang (15) describe an M-E design program called OPAC (Ontario Pavement
Analysis of Costs). Layered elastic theory and an environmental model are combined to
predict pavement life. Life cycle cost analysis is then used to determine the most costeffective design. The life of the pavement is determined by the Riding Comfort Index
(RCI), a number between 1 and 10 (10 represents the smoothest ride).
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