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EXECUTIVE SUMMARY

The Wisconsin Department of Transportation (WisDOT) has supported several research studies in
the past decades to measure the mechanical or performance properties of asphalt mixtures in
support of the AASHTOWare Pavement ME Design (PMED) software to design pavement
structures in Wisconsin. The outcome from these studies was to prepare a library or catalog of the
asphalt materials inputs that can be integrated into the WisDOT pavement design practice for using
the AASHTOWare PMED.

This research study expanded the catalog or material library of asphalt mixtures that are being
paved in Wisconsin in support of the PMED software’s use. The materials library catalog includes
the level 1 material inputs selected by pavement designers in Wisconsin to reflect the mixtures
used in day to day practice.

The research study also provided an update to the structural layer coefficients required by the
American Association of State Highway and Transportation Officials (AASHTO) 1972 Interim
Design Guide, for which WisDOT currently uses, to represent the current asphalt mixtures placed
in Wisconsin.
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CHAPTER 1 INTRODUCTION

Background

The Mechanistic Empirical Pavement Design Guide (MEPDG) was adopted by the American
Association of State Highway and Transportation Officials (AASHTO) in 2015 to replace the
empirical 1993 AASHTO Design Guide. The AASHTOWare Pavement ME Design® (PMED)
software includes the computational methodology described and explained in the MEPDG Manual
of Practice.

The MEPDG uses a mechanistic-empirical (ME) approach for the design of pavement structures.
In other words, traffic and climatic-induced mechanistic pavement responses (stresses, strains, and
deflections) are calculated and used to compute incremental “damage” over time. Empirical
relationships (i.e., transfer function) between the cumulative damage and the observed pavement
distresses are then used to determine pavement performance over its design life.

The transfer functions were calibrated using pavement performance data stored in the Long Term
Pavement Performance (LTPP) database. Site specific soils, traffic, climate, and structural inputs
were used in the global calibration of the asphalt pavement transfer functions. Few asphalt
pavement properties, however, are included in the LTPP database. As such, the transfer functions
should be verified and locally calibrated, if needed, to account for differences in terms of material
properties, asphalt specifications, and construction practice.

The material properties required for the AASHTOWare PMED software are tied to a hierarchical
input approach: level 1 inputs represent project specific mixture properties derived from
comprehensive laboratory and/or field testing; level 2 inputs are calculated from volumetric
properties or other variables using regression equations embedded in the PMED software; and
level 3 inputs represent “best-guessed” material properties.

The Wisconsin Department of Transportation (WisDOT) has supported several research studies in
the past decades to measure the mechanical or performance properties of asphalt mixtures in
support of the PMED software to design pavement structures. The outcome from these studies was
to prepare a library or catalog of the asphalt materials inputs that can be integrated into the
WisDOT pavement design practice for using the AASHTOWare PMED.

Sections 450 through 475 of the WisDOT Standard Specifications for Highway and Structure
Construction have gone through several revisions in recent years to include more sustainable and
innovative asphalt materials and technologies (e.g., Reclaimed Asphalt Pavement (RAP),
Reclaimed Asphalt Shingles (RAS), warm mix asphalt (WMA), etc.). The databases developed
from the previous studies may or may not represent the mechanical behavior of asphalt mixtures
currently being produced and placed in Wisconsin. As such, there is a need to confirm previous
measured asphalt properties and expand the library to include some of the sustainable and
innovative asphalt mixtures.
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Research Objectives

The objective of this research study was to expand the catalog or material library of asphalt
mixtures that are being paved in Wisconsin in support of the PMED software’s use. The catalog
includes the level 1 material inputs that can be selected by pavement designers in Wisconsin to
reflect the mixtures used in day to day practice using the PMED software. A couple of other
secondary objectives included:

Estimate the empirical asphalt structural layer coefficient needed by the AASHTO 1972
Interim Design Guide to represent the current asphalt mixtures being placed in Wisconsin.
Understand how the material/construction specification changes influence the PMED
inputs for input levels 1, 2, and 3. In summary, the outcomes of this study will help
WisDOT understand how frequently the PMED inputs library needs to be updated and
expanded.

Organization of Report

The report is organized into six chapters, including the Introduction (Chapter 1). The following
is a brief discussion on the contents within each chapter.

Chapter 2 is a summary of the literature review of information that was documented within
two interim reports that were prepared and submitted for review. Specifically, Chapter 2
includes a review of major revisions made to the WisDOT asphalt specifications, an
overview of the WisDOT research studies focused on the MEPDG and its implementation
in Wisconsin, a review of other agencies studies related to the asphalt mixtures and the
MEDPG, an overview of the PMED sensitivity studies to identify the more important
asphalt input variables, and a summary of these studies.

Chapter 3 lists the asphalt binder and mixtures included in this study and an overview of
the asphalt binder and mixture test results. The asphalt mixture tests included: dynamic
modulus, IDT creep compliance and strength, repeated load plastic strain, bending beam
fatigue strength, and IDT strain at failure. Each mixture property includes a brief
background on the mixture property and its use in the PMED software and how it is
measured.

Chapter 4 is an interpretation of the asphalt binder and mixture test results in terms of how
they are to be applied in the PMED software. This interpretation includes the derived
mixture properties to predict the distress and performance of typical flexible pavement
structures using version 2.6 of the PMED software.

Chapter 5 illustrates and compares the predicted distresses based on the asphalt catalog of
mixtures included in the expanded materials library. Chapter 5 also explains and derives
the AASHTO 1993 Structural Layer Coefficients for the current asphalt mixtures being
placed in Wisconsin based on the test results presented in Chapters 3 and 4.
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The final chapter or Chapter 6 provides an overall summary and conclusions focused on
the test results discussed in Chapter 2 to Chapter 4. Chapter 6 also includes
recommendations for the future implementation of the PMED software in Wisconsin and
the default input variables recommended for use.

Ten appendices are included in the report. The ten appendices include more detailed information
and present all of the asphalt binder and mixture test data generated within the study. The ten
appendices are listed below:

Appendix A is a summary of the major updates made to the WisDOT asphalt specifications
and other studies related to the implementation of the MEDPG in Wisconsin.

Appendix B is a summary of the asphalt mixture libraries generated and used by other state
DOTs as part of the adoption and use of the PMED software.

Appendix C includes the asphalt binder test data.

Appendix D is a summary of the asphalt mixture design properties for each of the mixtures
tested within this study.

Appendix E includes the dynamic modulus test data.

Appendix F includes the IDT creep compliance and strength data.

Appendix G includes the repeated load plastic strain test data, as well as the interpretation
of the test data for estimating the coefficients of the rut depth transfer function in the PMED
software.

Appendix H includes the bending beam fatigue strength test data, as well as the
interpretation of the test data for estimating the coefficients of the bottom-up fatigue
cracking transfer function in the PMED software.

Appendix | includes the IDT strain at failure test data as a surrogate for the bending beam
fatigue strength test. Appendix | also includes the interpretation of the test data for
estimating the coefficient for the bottom-up fatigue cracking transfer function in the PMED
software.

Appendix J describes the procedure used to derive the AASHTO asphalt structural layer
coefficients from the predicted performance of flexible pavements across Wisconsin. In
addition, a few examples illustrating the procedure are included in Appendix J.
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CHAPTER 2 LITERATURE REVIEW

This chapter includes a review of information and data pertinent to the objectives of this research
study which is grouped into the four topics or areas listed below:

2.1

The chronological updates to the WisDOT Standard Specifications for Highway and
Structure Construction of WisDOT with respect to the objective of this study.

WisDOT research studies delivering information related to the characterizing the asphalt
materials used in WisDOT’s projects, including WisDOT’s pavement design methods,
implementation and adoption of AASHTOWare PMED software by WisDOT, and the
studies resulted in changes to WisDOT’s specification.

Activities completed by other State Highway Agencies (SHAS) to develop catalogs or
libraries of asphalt material inputs for use in the PMED software.

A summary relative to the sensitivity of predicted distresses to asphalt material properties
using the PMED software.

Major Updates in the WisDOT Specification

The following provides a list of the changes made in the WisDOT asphalt materials specifications
since the first local calibration of the PMED software in Wisconsin in 2010.

2010 Specifications

Starting 2010, the use of RAP, RAS, and Fractioned Reclaimed Asphaltic Pavement (FRAP),
or their combination as well as the maximum allowable percent binder replacement without
changing the asphalt binder grade was specified (see Table 1). It should be noted that the use
of up to 35 percent RAP material in lower layers and up to 20 percent in upper layer were
allowed in earlier specifications. Changes in the portions of RAP and RAS and how they are
included in the mixture design process will have an impact on the asphalt performance
properties.

Table 1. Maximum allowable binder replacement — 2010 specification.

Recycled Materials Lower Layers Upper Layer

RAS only 20% 15%

RAP only 35% 20%

FRAP only 35% 25%

RAS and RAP 30% 20%

RAS and FRAP 30% 25%

RAS, RAP, and FRAP 30% 25%

2011 Specifications

The maximum allowable binder replacement from the use of recycled materials
(RAS/RAP/FRAP) without changing the asphalt binder grade was increased (see Table 2).
Changes in the binder replacement will have an impact on the fracture properties of the asphalt
mixtures.
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Table 2. Maximum allowable binder replacement — 2011 specification.

Recycled Materials Lower Layers Upper Layer
RAS only 25% 20%
RAP and FRAP 40% 25%
RAS, RAP, and FRAP 35% 25%
2013 Specifications

WMA additives or processes was allowed to be used. The change allowing the use of WMA
will have a minimal impact on the asphalt mixture properties. In addition, most WMA
mixtures are still produced at the higher production temperatures, The WMA additives or
technology is used from a compaction aide standpoint.

As part of the quality control (QC) management, the voids in the mineral aggregate (VMA)
control and warning limits for the job mix formula (JMF) were tightened from -1.5 and -1.2 to
-0.5and -0.2, respectively. This change to the specifications has been found to have a minimal
impact on the asphalt performance properties.

2015 Specifications

The minimum VMA