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Introduction

The Long-Term Plan for Concrete Pavement Research and Technology (the CP Road Map) isa
comprehensive, strategic plan for concrete pavement research. This plan will guide the
investment of concrete pavement research dollars for the next several years. The CP Road Map is
published in two volumes.

Overview of Volume |

Volume | (the other volume) contains an executive summary, plus eight chapters. Chapter 1
describes the background and need for the CP Road Map. Chapter 2 tells how the CP Road Map
was developed. Chapter 3 provides an overview of the 12 tracks of planned research. Chapters 4
through 7 describe the critical issues and objectives that the CP Road Map addresses in the areas
of design, mixtures and materials, construction, and pavement management/business systems.
Chapter 8 describes the innovative research management plan that will guide the conduct of
research.

Overview of Volume Il

Volume Il (the current volume) describes in detail the 12 tracks of planned research. Each track
begins with introductory materia that summarizes the goal and objectives for the track and the
gaps and challenges for its research program. A phasing chart isincluded to show the
approximate sequencing of the problem statements in the track. A table of estimated costs
provides the projected cost range for each problem statement, depending on the research priorities
and scope determined in implementation. The problem statements within each track are grouped
into subtracks. Each subtrack isintroduced by a brief summary of the subtrack’s focus and atable
listing the titles, estimated costs, products, and benefits of each problem statement in the subtrack.
The problem statements then follow.

Research Tracks

The CP Road Map consists of about 250 problem statements organized into 12 topica research
tracks:

e Track 1. Performance-Based Concrete Pavement Mix Design System (MD)

o Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)

e Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)

o Track 4. Optimized Surface Characteristics for Safe, Quiet, and Smooth Concrete
Pavements (SC)

e Track 5. Concrete Pavement Equipment Automation and Advancements (EA)

e Track 6. Innovative Concrete Pavement Joint Design, Materials, and Construction (1J)
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e Track 7. High-Speed Concrete Pavement Rehabilitation and Construction (RC)

e Track 8. Long-Life Concrete Pavements (LL)

e Track 9. Concrete Pavement Accelerated and Long-Term Data Collection (DC)

e Track 10. Concrete Pavement Performance (PP)

e Track 11. Concrete Pavement Business Systems and Economics (BE)

e Track 12. Advanced Concrete Pavement Materials (AM)

Thefirst nine tracks are time-phased. The research will be conducted sequentially, and at the end
of the track, afinal goal (e.g., afully functional product or products) will have been achieved.

The last three tracks are not time sensitive.

As described in the Research Management Plan (Volume |, Chapter 8), each track will be
managed by atrack leader or coordinators with atechnical working group. Each track includesits
own budget and specific implementation activities. The research in any given track will be

integrated and coordinated with activities in other tracks as appropriate.

All together, the plan represents approximately $250,000,000 of research over a period of 7 to 10

years.

Estimated Costs for All Tracks

Track Estimated Cost
Track 1. Performance-Based Concrete Pavement Mix Design System (MD) $29.8M-$67.8M
Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete $40.5-$59.6M
Pavements (DG)
Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND) $19.6M-$41.1M
Track 4. Optimized Surface Characteristics for Safe, Quiet, and Smooth Concrete $25.4M-$54.25M

Pavements (SC)

Track 5. Concrete Pavement Equipment Automation and Advancements (EA)

$25.65M—$56.15M

Track 6. Innovative Concrete Pavement Joint Design, Materials, and Construction (1J) $10M-$15.3M
Track 7. High-Speed Concrete Pavement Rehabilitation and Construction (RC) $10.3-$20.3M
Track 8. Long-Life Concrete Pavements (LL) $10.5M-$16.6M
Track 9. Concrete Pavement Accelerated and Long-Term Data Collection (DC) $9.75M—$15.5M
Track 10. Concrete Pavement Performance (PP) $2.7M-$4.15M

Track 11. Concrete Pavement Business Systems and Economics (BE)

$21.15M-$31.2M

Track 12. Advanced Concrete Pavement Materials (AM)

$11.45M-$23.25M

All Tracks

Total

$216.8M-$405.2M
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Subtracks and Problem Statements

The problem statementsin each track have been organized into subtracks of specific areas of
research. Each subtrack begins with aframework problem statement in which the subtrack work
is planned in more detail .

Each problem statement clearly defines the tasks that need to be performed to produce a desired
product or achieve a desired objective. Because this CP Road Map was hot developed for asingle
budget or funding source, nor with a particular client in mind (FHWA, NCHRP, State DOT, etc.),
it was not possible to put thisin aformat ready for bid. Developing detailed research statements
may take six to eight experts 18 hours to develop, resulting in more than 100 person-hours of time
and experience per statement.

Cross-Reference Tables

Conventionally separate concrete pavement topics are integrated across the research tracks in the
CP Road Map. Digtinct topic areas can be easily identified and pulled out of the tracks into their
own table using the CP Road Map database.

The following three important research topics are addressed in a number of tracks:
e Concrete pavement foundation and drainage
e Concrete pavement maintenance and rehabilitation
e Environmental concrete pavement advancements

The relevant problem statements for each topic are collected together in cross-reference tables
near the end of Volume 1.

Page xi



Project Team

Members of the CP Road Map technical team are honored to have hel ped navigate this project.
We sincerely thank the FHWA representatives and members of the project advisory panel, listed
below, whose guidance, assistance, and support throughout this project were invaluable.

FHWA Agreement Officer Technical Representatives

Peter Kopac
Cheryl Richter
Jim Sherwood

Special thanksto Suneel Vanikar and Tom Harman

Technical Team

Project Administrator: Dale Harrington, lowa State University’s Center for Portland
Cement Concrete Pavement Technology (PCC Center)

Principa Investigator: Theodore Ferragut, TDC Partners, Ltd.

Raobert Rasmussen, PhD, The Transtec Group, Inc.

Michael Darter, ERES Consultants

Technical Support Team

Ted Neff, Peak Management Associates
James Grove, PCC Center

Tom Cackler, PCC Center

James Cable, lowa State University
Kgjin Wang, lowa State University
Scott Schlorholtz, lowa State University

Project Advisory Panel
(Transportation Research Board Committee for Research on Improved Concrete Pavements)

Chair:
Joseph T. Deneault, West Virginia Department of Transportation

Members:
Ernest J. Barenberg, University of Illinois at Urbana-Champaign
David S. Cahn, Cdifornia Portland Cement Company
William R. Cape, James Cape and Sons, Co.
Carl V. Carper, GOMACO Corporation
Leet E. Denton, Denton Enterprises, Inc.
Donald L. Detwiler, New Enterprise Stone and Lime Co., Inc.
James A. Duit, Duit Construction Company

Page xii



Brent Felker, California Department of Transportation

Gary L. Hoffman, Pennsylvania Department of Transportation
David L. Huft, South Dakota Department of Transportation

Donald Janke, Construction Section, City of Milwaukee, Wisconsin
Sandra Larson, lowa Department of Transportation

Norman R. Nelson, Lyman-Richey Corporation

M. Lee Powell, 111, Ballenger Paving Division

Lawrence R. Roberts, W.R. Grace and Co.

DellaM. Roy, The Pennsylvania State University

Charles F. Scholer, Purdue University

Liaisons:
Ken F. Kobetsky, American Association of State Highway and Transportation Officials
Vincent F. Schimmoller, Federal Highway Administration

Editorial Services

Managing Editor: Marcia Brink, PCC Center
Technical Editor: Mark Anderson-Wilk, PCC Center
Technical Editor: Ellen Schweppe

Graphic Designer: Alison Weidemann, PCC Center
Illustrator: Bill Beach, lowa State University

Page xiii



EXECUTIVE SUMMARY

Background

The project to develop the Long-Term Plan for Concrete Pavement Technology (the
Concrete Pavement, or CP, Road Map) began in 2001 through an agreement between the
Innovative Pavement Research Foundation and ateam led by lowa State University’s
Center for Portland Cement Concrete Pavement Technology (PCC Center). In May 2003,
Federal Highway Administration (FHWA) initiated a new agreement with the PCC
Center to complete the work under a CP Technology Program contract (Task 15). The
Transportation Research Board (TRB) Committee for Research on Improved Concrete
Pavements acted as the project advisory panel. Twenty percent of total funding for the
project was provided by lowa State University. The concrete pavement industry and State
departments of transportation provided valuable input to the CP Road Map and support
its implementation.

The CP Road Map

The CP Road Map is a comprehensive and strategic plan for concrete pavement research
that will guide the investment of research dollars for the next several years. It will result
in technologies and systems that help the concrete pavement community meet the paving
needs of today, and the as-yet unimagined paving challenges of tomorrow.

In short, the CP Road Map will result in a new generation of concrete pavements for the

21st century.

What is Unique about This Research Plan?

Strategic—It combines more than 250 research problem statementsinto 12 fully
integrated, sequential, and cohesive tracks of research leading to specific products that
will dramatically affect the way concrete pavements are designed and constructed.

I nnovative—From the way it was developed, to its unique track structure and cross-track
integration, to the plan for conducting the research, the CP Road Map introduces a new,
inclusive, and far-reaching approach to pavement research.

Stakeholder involvement—This CP Road Map plan isfor the Federal, State, and private
concrete pavement community. Peers helped create it, so it reflects al needs.

No cost or timelimitations—In generdl, itisa7- to 10-year plan with an estimated
overall cost of $250 million.

No tiesto one agency or pot of money—Stakeholders with funds and expertise will pool
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their resources, jointly conduct and coordinate the research, and put the resultsinto
practice.

Resear ch implementation—The plan incorporates innovative, effective research
implementation to quickly move useful new products and systemsto the field.

A Visionary Charge

Why isthe CP Road Map necessary? For most of the 20th century, the same materials—
portland cement, high quality aggregate, and water—were used in pavement concrete,
with only minor refinements. It was afairly forgiving formulathat allowed some
variations in subgrade quality, construction practices, and other variables without
sacrificing pavement performance. For generations, the industry had the luxury of
keeping traffic off new concrete pavements for several days, even weeks, while the
concrete developed itsinternal design strength.

In the last 15 years, the industry has experienced more changes than those that occurred
in the previous 80 years, and these changes are turning the process of building concrete
pavements on end:

e Today’s concrete mix designs must integrate a multitude of new, sometimes
margina materials, resulting in serious compatibility problems and reduced
tolerance for variations.

e Motorists are more demanding. They will tolerate only minimal road closures and
delays due to road work, increasing the need for new paving methods that allow
road crewsto get in, get out, and stay out. And motorists want smoother, quieter
pavements, pushing the industry to control pavement surface characteristics.

e Highway agency focus has shifted from building new pavements to rehabilitating
and maintaining existing ones, which requires different designs, systems,
materials, and equipment.

e Environmental pressures—traffic congestion, drainage and runoff issues, etc.—
are affecting mix designs and pavement construction practices.

e Highway budgets are being squeezed at every level. The pavement community
simply has to do more with less.

In this environment, the old system for constructing concrete pavements does not work
anymore. Pavement failures have occurred that were unheard of 25 years ago.

To achieve concrete pavement’ s full potential in the 21% century, the concrete pavement
community cannot continue business as usual. The CP Road Map gives the community
an opportunity to proactively reinvent itself through research.
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Drawing a New Map for Concrete Pavements

An lowa State University-led team facilitated development of the CP Road Map. They
developed a database of existing research, and gathered input, face-to-face, from the
highway community. The lowateam identified gaps in research that became the basis for
problem statements, which are organized into a cohesive, strategic research plan.

A “Living” Research Database

The research database is a thorough catalog of recently completed and in-progress
research projects and their products. If regularly updated and maintained, as
recommended in the research management plan (described later in this brochure), the
database will be a valuable resource for many years.

Stakeholder Input

To ensure the adoption and success of the CP Road Map, it was devel oped through a
cooperative process involving high levels of stakeholder teamwork.

Five major brainstorming and feedback sessions were conducted by the lowateam at the
following events: the October 2003 meeting of the Midwest Concrete Consortium in
Ames, lowa; a specia November 2003 regional workshop for Eastern and Southern
stakeholdersin Syracuse, New Y ork; the May 2004 meeting of the American Concrete
Pavement Association in Kansas City, Missouri; a specia January 2004 regional
teleconference for Western stakeholders; and, in October 2004, a final meeting of
national stakeholders hosted by FHWA at FHWA's Turner-Fairbank Highway Research
Center.

Through these events, plus specia presentations at more than 20 professional conferences
and workshops across the country, more than 400 engineers and managers provided
direct input into the CP Road Map. Participants represented the following entities:

State and local departments of transportation

FHWA

American Concrete Pavement Association, including several State chapters
Portland Cement Association

American Association of State Highway and Transportation Officials
National Ready Mixed Concrete Association

TRB/National Cooperative Highway Research Program committees
American Public Works Association

National Association of County Engineers

Contractors

Materials suppliers

Research universities, especially departments conducting applied research
Private concrete testing laboratories
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Input was provided in four broad categories:

Mixtures and materias

Design

Construction

Pavement management/business systems

Again and again, stakeholders who participated in these brainstorming events said they
needed more and better analysis tools for measuring the hows and whys of pavement
failures and successes—that is, to measure pavement performance. Better quality
assurance and quality control methods/tools are needed for every stage of the pavement
system, particularly mix design, design, and construction. Because variables in each stage
affect the others, the methods/tools must be integrated across stages.

From these concepts of pavement performance and systems integration, the following
overall vision for the CP Road Map was devel oped:

By 2015, the highway community will have a comprehensive, integrated,
and fully functional system of concrete pavement technol ogies that
provides innovative solutions for customer-driven performance
requirements.

Based on this goal and other stakeholder input, dozens of specific research objectives
were identified, which can be categorized as follows:

Maximize public convenience.
Improve the driving experience.
Integrate design, mixtures and materials, and construction with pavement
performance predictions.
e Improve pavement reliability.
Identify new and innovative business relationships to focus on performance
requirements
e Constrain costs while improving pavement performance.
Protect and improve the environment.
e Expand opportunities to use concrete pavement.

The objectives were “filtered” through the project team’ s database of existing research to
determine gaps in research. These gaps became the basis for problem statements.

Approximately 250 problem statements were written, reviewed, and fine-tuned. Final
versions of the problem statements were added to the research database as work to be
accomplished viathe CP Road Map.

From Stakeholder Input to Plan

Most of the 250-plus problem statements did not neatly fit into just one of the
brainstorming categories (mixtures and materials, design, construction, and pavement
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management/busi ness systems). To capture the cross-categories and the integrated nature
of the problem statements, the problem statements were organized into 12, product-
focused tracks of research within the database. This structure encourages various
stakeholder groups to step forward as champions for a specific track.

Problem Statements

Each problem statement is atopical summary only. Most problem statements will be
further broken down into specific research project statements that provide detailed
descriptions of the research to be accomplished, with budgets and timelines.

This breakdown, and the entry of detailed project statements into the research database,
will be the responsibility of research track team leaders under the research management
plan, described later in this document.

Track Integration

As noted below in the 12 brief track descriptions, research in one track often affectsor is
affected by research in another track. In the CP Road Map, this interdependence and
other critical relationships are outlined in the track and problem statement descriptions. It
will be the responsibility of research track team leaders, as described later in this
document, to ensure that research is appropriatel y coordinated and integrated.

Moreover, the research database can be sorted to isolate problem statements on a variety
of subjects. For example, several important problem statements related to foundations
and drainage systems, maintenance and rehabilitation, and environment advancements
areincluded in various tracks. In the CP Road Map, problem statements rel ated to these
particular topics have been listed in separate cross-reference tables.

Database Management

In avery real sense, the research database is the CP Road Map. Research problem
statements, projects, budgets, timelines, and research results in the database must be
regularly updated. The CP Road Map will succeed only if the database is managed and
maintai ned.

CP Road Map Research Tracks

Each of the 12 CP Road Map tracks is a complete research program in itself, with its own
budget, 2 to 7 subtracks, and as many as 20 problem statements. The products developed

through the first four tracks may be especially critical to helping the industry achieve the

full potential of concrete pavements.
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Tracks 1 through 9 consist of timed sequences of research leading to particular products
that are essential to reaching overall research goals. Tracks 10, 11, and 12 are not phased
because timing is not as critical.

List of Tracks, Subtracks, and Estimated Budgets

Note that one subtrack in every phased track is devoted to devel oping innovative
technology transfer, training tools, and methods to ensure that innovative research
products are quickly and efficiently moved into practice.

1. Performance-Based Concrete Pavement Mix Design System ($29.8M—-$67.8M)*
Subtracks:

PCC Mix Design System Development and Integration

PCC Mix Design Laboratory Testing and Equipment

PCC Mix Design Modeling

PCC Mix Design Evaluation and Implementation

2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements ($40.5-$59.6M)

Subtracks:

Design Guide Structural Models

Design Guide Inputs, Performance Models, and Reliability

Specia Design and Rehabilitation Issues

Improved Mechanistic Design Procedures

Design Guide Implementation

3. High-Speed Nondestructive Testing and Intelligent Construction Systems
($19.6M-$41.1M)
Subtracks:

= Field Control

= Nondestructive Testing Methods

= Nondestructive Testing and Intelligent Control System Evaluation, and
Implementation

4. Optimized Surface Characteristicsfor Safe, Quiet, and Smooth Concrete
Pavements ($25.4M—-$54.25M)

Subtracks:

Concrete Pavement Texture and Friction

Concrete Pavement Smoothness

Tire-Pavement Noise

Integration of Concrete Pavement Surface Characteristics

Evaluation of Products for Concrete Pavement Surface Characteristics
Concrete Pavement Surface Characteristics Implementation

Other Concrete Pavement Surface Characteristics

5. Concrete Pavement Equipment Automation and Advancements ($25.65M—
$56.15M)
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Subtracks:
= Concrete Batching and Mixing Equipment
= Concrete Placement Equipment
= Concrete Pavement Curing, Texturing, and Jointing Equipment
= Concrete Pavement Foundation Equipment
= Concrete Pavement Reconstruction Equipment
= Concrete Pavement Restoration Equipment
= Advanced Equipment Evaluation and Implementation

6. Innovative Concrete Pavement Joint Design, Materials, and Construction
($10M-$15.3M)
Subtracks:

= Joint Design Innovations

= Joint Materials, Construction, Evaluation, and Rehabilitation Innovations

= |nnovative Joints Implementation

7. High-Speed Concrete Pavement Rehabilitation and Construction ($10.3-$20.3M)
Subtracks:

= Rehabilitation and Construction Planning and Simulation

= Precast and Modular Concrete Pavements

» Fast-Track Concrete Pavements

= Rehabilitation and Construction Evaluation and Implementation

8. Long Life Concrete Pavements ($10.5M-$16.6M)
Subtracks:
= Pavement Strategy for Long Life Concrete Pavements
= Construction and Materials for Long Life Concrete Pavements and Overlays
= Long Life Concrete Pavement Implementation

9. Concrete Pavement Accelerated and Long-Term Data Collection ($9.75M—
$15.5M)
Subtracks:
= Planning and Designing Accelerated Loading and Long-Term Data Collection
= Materials, Construction, Monitoring, and Reporting on Testing
= Acceerated Loading and Long-Term Data Collection Implementation

10. Concr ete Pavement Perfor mance ($2.7M-$4.15M)
Subtracks:

= Technologies for Determining Concrete Pavement Performance

= Guidelines and Protocols for Concrete Pavement Performance

11. Concrete Pavement Business Systems and Economics ($21.15M-$31.2M)
Subtracks:

Concrete Pavement Research and Technology Management and I mplementation
Concrete Pavement Economics and Life Cycle Costs

Contracting and Incentives for Concrete Pavement Work

Technology Transfer and Publications for Concrete Pavement Best Practices
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= Concrete Pavement Decisions with Environmental Impact

12. Advanced Concrete Pavement Materials ($11.45M—-$23.25M)
Subtracks:

= Performance-Enhancing Concrete Pavement Materials

= Construction-Enhancing Concrete Pavement Materials

= Environment-Enhancing Concrete Pavement Materials

$216.8M-$405.2M total (estimated)
* All numbers are rounded.

Brief Track Descriptions

1. Performance-Based Concrete Pavement Mix Design System. The final product of
thistrack will be a practical yet innovative concrete mix design procedure with new
equipment, consensus target values, common laboratory procedures, and full
integration with both structural design and field quality control—a lab of the future.
Thistrack aso lays the groundwork for the concrete paving industry to assume more
responsibility for mix designs as State highway agencies move from method
specifications to more advanced acceptance tools. For such a move to be successful, it
isimportant that the concrete paving industry and owner-agencies refer to asingle
document for mix design state-of-the-art.

2. Performance-Based Design Guide for New and Rehabilitated Concr ete
Pavements. Under this track, the concrete pavement research community will expand
the mechanistic approach to pavement restoration and preservation strategies. This
track builds on the comprehensive work done under NCHRP 1-37A (Development of
the 2002 Guide for the Design of New and Rehabilitated Pavement Structures) and
continues to develop the models from that key work. The work in this track needs to
be closely integrated with track 1.

3. High-Speed Nondestructive Testing and Intelligent Construction Systems. This
track will develop high-speed, nondestructive quality control systems to continuously
monitor pavement properties during construction. As aresult, on-the-fly adjustments
can be made to ensure the highest quality finished product that meets given
performance specifications. Many problem statements in this track relate to both
tracks 1 and 2.

4. Optimized Surface Characteristicsfor Safe, Quiet, and Smooth Concrete
Pavements. Thistrack will result in a better understanding of concrete pavement
surface characteristics. It will provide tools for engineers to help meet or exceed
predetermined requirements for friction/safety, pavement-tire noise, smoothness,
splash and spray, wheel path wear (hydroplaning), light reflection, rolling resistance,
and durability (longevity). Each of the functional elements of a pavement listed above
iscritical. The challenge isto improve one characteristic without compromising
another characteristic, especially when it comesto safety of the public.
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10.

Equipment Automation and Advancements. Thistrack will result in process
improvements and equipment developments for high-speed, high quality concrete
paving equipment to meet the concrete paving industry’ s projected needs and the
traveling public’s expectations for highway performance in the future. Examples
include the next generation of concrete batching and placement equi pment; behind-
the-paver equipment to improve curing, surface treatment, jointing, etc.; mechanized
ways to place and control subdrains and other foundation elements; equipment to
remove/replace the slab in one-pass construction; improved repair processes that
decrease the time of operations and provide the workforce and traveling public with
less exposure; and methods for evaluating new equipment on actual construction
projects.

I nnovative Concrete Pavement Joint Design, M aterials, and Construction.
Potential products for this track include a new joint design, high-speed computer
analysis techniques for joint performance, a more accurate installation scheme, and
faster rehabilitation strategies. The problem statements in this track address the
basics—joint design, materials, construction, and maintenance activities. The track
also specifies research that will help develop breakthrough technologies and
extremely high-speed joint repair techniques. Thisis a crosscutting track to ensure
that all topics related to innovative joints are addressed. Much of the proposed
research will develop important incremental improvements.

High-Speed Concrete Pavement Rehabilitation and Construction. Faster
techniques and higher quality can and must be accomplished in the future. This track
addresses a series of activities, from the planning and simulation of high-speed
construction and rehabilitation, precast and modular options for concrete pavements,
and fast-track concrete pavement construction and rehabilitation, to the evaluation
and technology transfer of high-speed construction and rehabilitation products and
processes developed through research. Some high-speed construction issues will
likely be investigated in tracks 1 and 3, and those efforts will be closely coordinated
with this track.

Long Life Concrete Pavements. The need for pavements that last longer between
maintenance, restoration, or rehabilitation is integrated throughout the CP Road Map.
However, this track draws attention to some specific research that may address
pavement life approaching 60 years or more.

Concrete Pavement Accelerated and Long-Term Data Collection. Thistrack
provides the infrastructure—data collection and reporting tools, testing methods,
etc.—for afuture national program that will plan accelerated loading and long-term
data needs, construct test sections, and collect and share data. The problem statements
in this track will explore which data are most useful and determine the amount of
time needed to collect the data.

Concrete Pavement Performance. Thistrack addresses key elements of pavement
management and asset management systems. Such systems determine if and how
pavements meet performance characteristics for highway agencies and users.
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Research in thistrack will determine and address the functional aspects of concrete
pavement performance, particularly factors such as pavement-tire noise, friction,
smoothness, and others. Research aso will provide rapid concrete pavement
performance feedback and examine ways to schedule surface characteristics and
condition improvements. Developing feedback loops in highway agencies' pavement
management systems will be crucial to monitor performance effectively and rapidly.

11. Concrete Pavement Business Systems and Economics. Roles and responsibilities
are changing in the highway industry, affecting the way paving projects are designed,
bid, built, and maintained. Contractors are being asked to assume more control of the
operation and quality control inspections. By including warranty provisionsin project
contracts, owner-agencies are asking for additional assurance that pavements will be
built and will perform as expected. Internationally, many countries have made
dramatic changes in project funding methods and in the roles of contractors and
suppliers. Thistrack captures some important research that should be considered as
this process of transformation continues in the United States. Problem statements
cover contracting options, new technology transfer systems, public-private
partnerships, economic models, etc.

12. Advanced Concrete Pavement Materials. The problem statementsin this track
address the devel opment of new materials and refine or reintroduce existing advanced
materials to enhance performance, improve construction, and reduce waste. Many of
the existing materials studied in this track have been used thus far on asmall scale or
in laboratory evaluations only. Many of them have not been used in the United States
but show promise based on work done in other countries. This track will experiment
with such materials on alarger scale and will develop standards and
recommendations for their use. The research will foster innovation in the
development of additional, new, and innovative concrete pavement materials.

Reaching the Destination

The CP Road Map is accompanied by aresearch management plan that outlines a
progressive, cooperative approach to managing and conducting the research. Under this
plan, organizations identify common interests, partner with one another in executing
specific contracts, and, in the end, produce and share a product that is greater than the
sum of the parts.

The research management plan emphasizes scope control, phasing of research, reporting,
systems integration, voluntary peer review, maintenance of the research database,
program-wide technology transfer, and assistance to organizations that want to leverage
their funds and human resources.

Philosophy for Managing Research

The research management plan is based these assumptions:
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The CP Road Map is anational research plan, not a plan solely for FHWA, but for
State agencies and the industry as well.

The CP Road Map is not restricted to any single funding source. Publicly financed
highway research is decentralized and will probably remain so through the next
highway bill.

Even in adecentralized arena like research, it is possible—indeed, critical—for
stakeholder groups to come together voluntarily. Federal, State, and industry
research staff and engineers around the country are looking for more opportunities
to pool their funds and other resources in win-win situations. The Midwest
Concrete Consortium is an example of a successful cooperative approach to
research.

The all-too-common disconnection between research results and implementation
of those results must be fixed. Communication, technology transfer, and outreach
activities must be elevated to the same level of importance as research itself.

The CP Road Map is too comprehensive and too important for a part-time
implementation effort. Managing the overall research program effectively and
judiciously will require full-time, dedicated personnel with adequate resources.

Governing Structure

In line with this general philosophy, the research management plan outlines afour-tier
system of participation and responsibility: an executive advisory committee, an
administrative support group, research track team leaders, and sustaining organizations.

A tri-party executive advisory committee, representing FHWA, State departments of
transportation, and industry, will provide broad oversight of the CP Road Map. It will be
adecision- and policymaking, facilitation group with many responsibilities:

Assembling research track team leaders.

Promoting partnering arrangements.

Ensuring adequate integration of research across tracks.

Developing and implementing a strategy to ensure that software products
devel oped through various research tracks will be compatible with each other.
Identifying new research program areas.

Overseeing updates to and maintenance of the research database.

Devel oping a comprehensive technology transfer and training program for
products of the CP Road Map.

Developing a communications effort to keep the CP Road Map and its productsin
front of stakeholders and the public.

Conducting self-evaluation studies.

K egping the momentum focused on outcomes, not just output.
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An administrative support group will provide professional management services for the
executive advisory committee and, to alesser degree, the research track team leaders. It
will be the “doing” body for coordination and support activities, like maintaining the
research database.

Research track team leaders will coordinate and oversee all activities within a specific
research track:
Validating and updating the track.
Developing broad problem statements into specific, separate research projects,
with scopes of work, timelines, and budgets.
Identifying organizations to conduct or partner in the research.
Establishing and overseeing subordinate technical expert working groups to guide
complex work.
Ensuring proper integration of work within the track and across track lines.
Developing status reports.

Sustaining organi zations—agencies, consultants, universities, professional associations,
and other organizations that have specialized interests and skills and are interested in
pooling dedicated funds—will assume responsibility for conducting research through
cooperation, partnerships, and funding agreements.

In addition, sustaining organizations conducting research under the CP Road Map may
retain full fiscal and technical control of the work under their jurisdictions. The key to
successful conduct of the research, however, is cooperation, and the research
management plan facilitates and supports cooperative efforts.

Some people and organizations will assume multiple roles.

Organization of Volumes | and 1l

The CP Road Map is published in two volumes. Volume | contains an executive
summary, plus eight chapters:

Chapter 1 describes the background and need for the CP Road Map.

Chapter 2 tells how the CP Road Map was devel oped.

Chapter 3 provides an overview of the 12 tracks of planned research.

Chapters 4 through 7 describe the critical issues and objectives that the CP Road
Map addresses in the areas of design, mixtures and materials, construction, and
pavement management/busi ness systems.

e Chapter 8 describes the innovative research management plan that will guide the
conduct of research.

Volume Il (the current volume) describes in detail the 12 tracks of planned research:

e Each track begins with introductory material that summarizes the goal and
objectives for the track and the gaps and challenges for its research program.
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e A phasing chart isincluded to show the approximate sequencing of the problem
statements in the track.

e A tableof estimated costs provides the projected cost range for each problem
statement, depending on the research priorities and scope determined in
implementation.

e The problem statements within each track are grouped into subtracks. Each
subtrack isintroduced by a brief summary of the subtrack’s focus and atable
listing the titles, estimated costs, products, and benefits of each problem statement
in the subtrack.

e Each subtrack begins with aframework problem statement in which the subtrack
work is planned in more detail.

e The problem statements then follow.

Each problem statement clearly defines tasks that need to be performed to produce a
desired product or achieve adesired objective. Each problem statement will need to be
developed into appropriate research project statements with detailed descriptions of the
research to be accomplished, specific budgets, and definite timelines.

Many conventional concrete pavement topics are integrated across the research tracksin
the CP Road Map. Using the CP Road Map database, distinct topic areas can be easily
identified and pulled out of the tracks into their own tables. For example, the following
three important research topics are addressed in a number of tracks. Near the end of
Volume Il, cross-reference tableslist the relevant problem statements for each of these
topics:

e Concrete pavement foundation and drainage
e Concrete pavement maintenance and rehabilitation
e Environmental concrete pavement advancements

How Can You Participate?

Theindustry clearly is a acrossroads, and the CP Road Map provides clear directions for
moving forward. Implementation of the research management plan should begin
immediately with completion of the CP Road Map. In fact, without strong and immediate
implementation, the CP Road Map could quickly become simply of dead list of great
concepts.

Stakeholders in the concrete pavement community are invited to participate:

e Toreceive aprinted copy of the CP Road Map, with complete problem statements
and tracks (available spring 2005), contact Peter Kopac, Federal Highway
Administration, 202-493-3151, peter.kopac@fhwa.dot.gov.

e Anéectronic version of the CP Road Map will be available on the Federa
Highway Administration’s Web site after February 14, 2005; see www.tfhrc.gov.

e Tolead a specific research track or to partner with other organizations to lead a track,
contact the PCC Center, lowa State University, 515-294-8103, pcconc@i astate.edul.
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Track 1 (MD) Overview

Thistrack will develop a practical yet innovative concrete mix design procedure with new
equipment, consensus target values, common laboratory procedures, and full integration into both
structura design and field quality control. As opposed to mix proportioning, mix design
engineers a concrete mixture to meet a variety of property or performance targets. The process
begins with the definition of the end-product, and the various materials are then selected,
proportioned, simulated, and optimized in order to meet the end-product goals. This track will
develop mix design rather than mix proportioning.

This ambitious track also lays the groundwork for the concrete paving industry to assume more
mix design responsibility as State highway agencies move from method specification to a more
advanced acceptance tool. To do this, however, the concrete paving industry and the owner-
agencies must be able to refer to a single document for state-of-the-art mix design.

Thetrack provides a plan for research in the following areas:

e integration of volumetrics-based, property-based, performance-based, and functionally
based mix designs and recycled materialsinto the mix design system

e identification of new and upgraded equipment and test procedures
o development of an expert system that connects test results to each other
e improved modelsto predict dab performance

o field evaluation and implementation procedures that provide a mechanism for user
feedback

o technology transfer activities

The following introductory material summarizes the goal and objectives for this track and the
gaps and challenges for its research program. A phasing chart isincluded to show the
approximate sequencing of the problem statementsin the track. A table of estimated costs
provides the projected cost range for each problem statement, depending on the research priorities
and scope determined in implementation. The problem statements, grouped into subtracks, then
follow.
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Track Goal

Innovative concrete mix materia selections and mix design procedures will produce economical,
compatible, and optimized concrete mixes integrated into both structura concrete pavement
design and construction control.

Track Objectives

Develop a concrete lab of the future that will give the user a sequence of mix design tests
and procedures that integrate structural design and quality control with material selection
and proportioning.

Develop the tools necessary to predict the compatibility and effectiveness of concrete
mixes under specific field conditions before paving begins.

Detect potential construction problems early and correct them on the fly using innovative
guality control tools.

Detect potential long-term durability problems more effectively during both the mix
design process and the construction quality control program.

Improve the ability to predict concrete mix properties and their relationship to slab
behavior and performance (e.g., shrinkage, joint opening, and curing) using the next
generation of advanced modeling techniques.

Identify and use innovative, nontraditional materials that accel erate concrete pavement
construction, maintenance, and rehabilitation and/or extend product life at afair cost.

Research Gaps

Insufficient understanding of the material factors that influence pavement performance

Insufficient understanding of the effects that materiad has on durability prediction

Lack of equipment and test procedures to accelerate durability testing

Lack of cost-effective programs to accelerate training on new tests

Insufficient understanding of the impacts that materials have on pavement
constructability
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Insufficient understanding of the relationship between materials and surface
characteristics

Insufficient understanding of the ways to use locally available materias more effectively

Insufficient understanding of the ways to advance higher-order use of recycled concrete
materials

Insufficient understanding of the future roles and responsibilities of the public and private
sectors

Research Challenges

Tiethe materias used to pavement performance indicators

Learn more about concrete pavement deterioration and reliably identify the materials or
material combinations that cause deterioration

Identify equipment that can measure the most relevant identified properties

Quantify the cost of test equipment, training, and the materials themselves

Recognize a connection between the materials selected and the ease of constructing with
them

Identify the user demands for smooth, quiet, safe, and long-lasting pavements and
translate those demands into material selection and optimization

Identify aplace for al grades of materials and identify ways of using locally available
materialsin less critical applications (e.g., county roads or stopgap pavements)

Prepare the concrete pavement industry in the United States to meet sustainability goals
that other countries have moved towards, specifically a 100 percent reuse policy

Identify who will establish performance standards for future concrete pavement mixes
and material selection, proportioning, and compatibility factors
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Research Track 1 (MD) Phasing

Year

Subtrack MD 1

MD 2.0. Framework for Laboratory T

. Laborato
PCC Field Batching
WD 2.2, Laboratory Compactor (o
Replicate Concrete Paving Practice .

MD 2.3. Aqgregate Tests for PCC Mix Characterization

MD 2.4, Performance-Based Cementitious Materials Specification

MD 2.5. PCC Mix Durability Tests

MD 2.6. PCC Mix Compatibility Tests

MD 2.7. PCC Mix Property Test Development
MD 2.8. PCC Mix Thermal Tests

MD 2.9. PCC Mix Performance Testing Equipment

MD 2.10. PCC Mix Functional Testing Equipment

PCC Mix Design Laboratory Testing & Equipment

Subtrack MD 2

MD 2.11. Expert System for PCC Mixes

Subtrack MD 3

Subtrack MD 4
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Research Track 1 (MD) Estimated Costs

Problem Statement

Estimated Cost

Subtrack MD 1. PCC Mix Design System Development and | ntegration

MD 1.0. Framework for PCC Mix Design System Development and Integration (Subtrack MD 1)  $300k

MD 1.1. PCC Pavement Mix Design System Integration Stage 1: Volumetrics-Based Mix Design

(Mix Proportioning) $500k—$1M

MD 1.2. PCC Pavement Mix Design System Integration Stage 2: Property-Based Mix Design $1IM-$2M

MD 1.3. PCC Pavement Mix Design System Integration Stage 3: Performance-Based Mix Design ~ $1M-$2M

MD 1.4. PCC Pavement Mix Design System Integration Stage 4: Functionally Based Mix Design ~ $1M-$2M

MD 1.5. Integrating Recycled Materials into PCC Mix Design System $500k—$1M
Subtrack MD 2. PCC Mix Design Laboratory Testing and Equipment

MD 2.0. Framework for PCC Mix Design Laboratory Testing and Equipment (Subtrack MD 2) $200k

MD 2.1. Laboratory Mixer to Replicate PCC Field Batching $1IM-$2M

MD 2.2. Laboratory Compactor to Replicate Concrete Paving Practice $1IM-$2M

MD 2.3. Aggregate Tests for PCC Mix Characterization $2M-$5M

MD 2.4. Performance-Based Cementitious Materials Specifications $1IM-$2M

MD 2.5. PCC Mix Durability Tests $2M—-$5M

MD 2.6. PCC Mix Compatibility Tests $2M-$5M

MD 2.7. PCC Mix Property Test Devel opment $2M-$5M

MD 2.8. PCC Mix Thermal Tests $500k—$1M

MD 2.9. PCC Mix Performance Testing Equipment $2M—-$5M

MD 2.10. PCC Mix Functional Testing Equipment $2M—-$5M

MD 2.11. Expert System for PCC Mixes $1IM-$2M
Subtrack MD 3. PCC Mix Design M odeling

MD 3.0. Framework for PCC Mix Design Modeling (Subtrack MD 3) $150k

MD 3.1. Aggregate Models for Optimizing PCC Mixtures $250k—$500k

MD 3.2. Fresh PCC Pavement Behavior Models $1IM-$2M

MD 3.3. Hardened PCC Pavement Behavior Models $250k—-$500k

MD 3.4. Improved PCC Pavement Performance Models Adaptation $250k—$500k

MD 3.5. Functional PCC Pavement Models Adaptation $250k—$500k

MD 3.6. Characterizing Concrete Materials Variability $250k—$500k

MD 3.7. PCC Mix Model Calibration $1IM-$2M

MD 3.8. PCC Mix Model Validation $500k—$1M
Subtrack MD 4. PCC Mix Design Evaluation and | mplementation

MD 4.0. Framework for PCC Mix Design Evaluation and Implementation (Subtrack MD 4) $150k

MD 4.1. PCC Pavement Mix Design System Conferences and Workshops $2M-$5M

MD 4.2. Support for FHWA Mobile Concrete Laboratory Demonstrations $1IM-$2M

MD 4.3. Standardized Databases and Electronic Communications Protocols for the Concrete $250k_$500K

Pavement Industry

MD 4.4. Web-based Training System for I|mplementation of PCC Research Products $500k-$1M

MD 4.5. PCC Mix Design Equipment for States $1IM-$2M
Track 1 (MD)

Totd $29.8M-$67.8M
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Track Organization: Subtracks and Problem Statements
Track 1 (MD) problem statements are grouped into four subtracks:
e Subtrack MD 1. PCC Mix Design Development and Integration
e Subtrack MD 2. PCC Mix Design Laboratory Testing and Equi pment
e Subtrack MD 3. PCC Mix Design Modding
e Subtrack MD 4. PCC Mix Design Evauation and Implementation

Each subtrack isintroduced by a brief summary of the subtrack’ s focus and atable listing the
titles, estimated costs, products, and benefits of each problem statement in the subtrack. The
problem statements then follow.
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Subtrack MD 1. PCC Mix Design System Development and
Integration

This subtrack develops the overall track structure and integrates all the output from the other four
subtracks into a comprehensive, cohesive product. The problem statementsin this track will
integrate volumetrics-based, property-based, performance-based, and functionally based mix
designs and recycled materials into the mix design system.

Problem Estimated .
Products Benefits
Statement Cost

MD 1.0. Framework  $300k A validated, sequenced, and detailed  An effective, coordinated, and

for PCC Mix Design research framework for this productive research program.

System subtrack.

Development and

Integration

(Subtrack MD 1)

MD 1.1. PCC $500k—$1M Software, guidelines, and supporting A procedure to alow for job-specific

Pavement Mix products for anew generation of optimization of concrete paving

Design System concrete mix design that will mixtures based largely on currently

Integration Stage 1: optimize concrete mixtures for available technology, rather than

Volumetrics-Based paving. current mix proportioning methods

Mix Design (Mix based on either prior experience or

Proportioning) procedural guidance developed for a
broad range of concretes.

MD 1.2. PCC $1IM-$2M Updates to the software, guidelines,  Building off the foundational work

Pavement Mix and supporting products for concrete  conducted under MD 1.1 (PCC

Design System mix design and optimization. Pavement Mix Design System

Integration Stage 2: Integration Stage 1: V olumetrics-

Property-Based Mix based Mix Design), a procedure

Design capable of designing and optimizing a
mix for more specific and pertinent
concrete properties, possibly
including strength, workability,
permeability, stiffness, shrinkage, and
coefficient of thermal expansion.

MD 1.3. PCC $1IM-$2M Updates to the software, guidelines, A quantum improvement to the mix

Pavement Mix and supporting products for concrete  design process; newly developed tests

Design System mix design and optimization. and models for predicting pavement

Integration Stage 3: performance that alow the mix to be

Performance-Based optimized to meet the service

Mix Design requirements of structural and
material performance.

MD 1.4. PCC $1IM-$2M Updates to the software, guidelines, A sophisticated optimization system

Pavement Mix and supporting products for concrete  capable of selecting the most

Design System mix design and optimization. appropriate mixture to meet both

Integration Stage 4: performance requirements as well as

Functionally Based functional requirements; a procedure

Mix Design based on new test procedures that
identify the potential for concreteto
provide a smooth, safe, and quiet
pavement.
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Problem Estimated

Products Benefits
Statement Cost
MD 1.5. Integrating ~ $500k—$1M Guidance and possible modifications Mix design procedures capable of
Recycled Materials to the mix design productsthat allow  economically and accurately
into PCC Mix auser to design a concrete mixture characterizing recycled materials as
Design System using recycled materials. concrete constituents; facing the

challenge of moving to a 100 percent
reuse policy, as many countries
outside of the United States,
particularly in Europe, are doing.
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Problem Statement MD 1.0. Framework for PCC Mix Design System
Development and Integration (Subtrack MD 1)

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 1. PCC Mix Design System Development and Integration
Approx. Phasing: Year 1-Year 3

Estimated Cost:  $300k

Subtrack MD 1 (PCC Mix Design System Development and Integration) provides a set of research problem
statements that will culminate in a significantly improved state of the art and practice. Asthe funding
becomes available, an initial effort will be necessary to develop a framework for the research to be
accomplished within this subtrack.

Tasks: 1. Examine the problem statements in subtrack MD 1 (PCC Mix Design System
Development and Integration), modify as appropriate, and divide them into specific,
manageable contracts.

2. Arrange the contracts in a carefully sequenced plan that reflects alogical progress of
research and available funding.

3. Expand each of the broad research problem statementsincluded in the subtrack into a
detailed research plan with specific objectives, tasks, and funding recommendations.

4. Review and provide direction for the various research contracts underway to ensure
that they fulfill their objectives and allow future contracts to use their results. Guide the
additional work required if a contract fails to achieve its objectives and additional work is

necessary.
Benefits: An effective, coordinated, and productive research program.
Products: A validated, sequenced, and detailed research framework for this subtrack.

Implementation: This research will provide the organization and validation essential for the success of this
subtrack. I mplementation of this problem statement will set the stage for the rest of the
problem statements in subtrack MD 1 (PCC Mix Design System Development and
Integration).
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Problem Statement MD 1.1. PCC Pavement Mix Design System
Integration Stage 1: Volumetrics-Based Mix Design (Mix Proportioning)

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 1. PCC Mix Design System Development and Integration
Approx. Phasing: Year 2-Year 5

Estimated Cost:  $500k—-$1M

Today’s mix design for concrete paving mixtures relies on experience, often in the form of recipe mixes.
While this experience should not be ignored, the specific mixture used in a particular job should not be
considered ideal for every job of that type. There can be awide range of demands on paving jobs (e.g.,
required time of opening and use of admixtures and supplementary cementitious materials). Optimization
techniques are therefore necessary to select the most appropriate mixture that balances these job-specific
conditions with long-term durability, while remaining cost-effective.

Thefirst step for successfully implementing a mix design system is to develop one that includes methods
and parameters that the industry is familiar with. Volumetric-based design (proportioning) includes
procedures that specify contents (e.g., minimum cement) and ratios (e.g., water-cement mix) for concrete-
making constituents. The guidance given in ACI 211 committee documents might serve as a starting point
for newer methods, supplemented with state-of-the-art proportioning guidance advanced by individuals
such as Shilstone and Hover, and by agencies including the NIST and the Army Corps of Engineers, among
others. Thisfirst stage of the mix design system will employ commonly used lab tests and will limit mix
parameter modeling, relying instead on the empirical relationships between mix volumetrics and concrete
properties of interest (e.g., strength, workability, and permeability).

Tasks: 1. Identify and assemble available mix design and proportioning systems.

2. Assess user needs for the mix design system and determine ways to incorporate the
state-of -the-practice in order to implement this first stage of the overall system quickly.

3. Assemble the requisite models for the system.

4. |dentify the requisite laboratory test procedures and ensure standardized reporting for
input to the mix design system.

5. Develop a beta version of the system and solicit peer review.

6. Develop afinal version of the system and prepare it for training and implementation.

Benefits: A procedure to allow for job-specific optimization of concrete paving mixtures based
largely on currently available technology, rather than current mix proportioning methods
based on either prior experience or procedural guidance developed for a broad range of
concretes.

Products: Software, guidelines, and supporting products for a new generation of concrete mix
design that will optimize concrete mixtures for paving.
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Implementation: Thisfirst stage of the mix design system will be immediately implementable, and will
advance the industry. Further refinements will be made to this system in subsequent
stages to capture mix properties and pavement performance more directly.
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Problem Statement MD 1.2. PCC Pavement Mix Design System
Integration Stage 2: Property-Based Mix Design

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 1. PCC Mix Design System Development and Integration
Approx. Phasing: Year 4-Year 7

Estimated Cost: $1M-$2M

While the first stage of the mix design system is based on volumetric ratios and limits, the second stage will
offer amore fundamental approach to mix design by measuring and predicting mix properties relevant to
pavement performance. The specific properties will be identified when the system itself is developed, and
fresh properties such as rheology and hardened properties such as strength and permeability will be
included as targets. The result of the second stage will be a mix design system built on the framework
established in the first stage. By thus using a common interface and process, implementation of this and
subsequent stages will be seamless.

Tasks: 1. Assemble the requisite models for the system.

2. ldentify the requisite laboratory test procedures and ensure standardized reporting for
input to the mix design system.

3. Develop a beta version of the system and solicit peer review.

4. Develop afinal version of the system and prepare it for training and implementation.

Benefits: Building off the foundational work conducted under MD 1.1 (PCC Pavement Mix Design
System Integration Stage 1. V olumetrics-based Mix Design), a procedure capable of
designing and optimizing a mix for more specific and pertinent concrete properties,
possibly including strength, workability, permeability, stiffness, shrinkage, and
coefficient of thermal expansion.

Products: Updates to the software, guidelines, and supporting products for concrete mix design and
optimization.

Implementation: This second stage of the mix design system will be immediately implementable and will
advance the industry. Further refinements will be made to this system in subsequent
stages to capture pavement performance more directly.
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Problem Statement MD 1.3. PCC Pavement Mix Design System
Integration Stage 3: Performance-Based Mix Design

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 1. PCC Mix Design System Development and I ntegration
Approx. Phasing: Year 6-Year 9

Estimated Cost:  $1M-$2M

Volumetric- and property-based mix design procedures cannot describe PCC paving mixtures accurately in
terms of the mixtures' impact on pavement performance. The result of these approaches, largely based on
an empirical understanding of the effects of properties on performance, is poor design reliability. To offset
this shortcoming, this third stage in developing a mix design system will integrate sophisticated pavement
performance models. The result will be a seamless tool that can predict various performance measures of a
concrete pavement as a function of the concrete mix. Optimization techniques can then be used to select the
ideal materials and proportions for achieving the desired level of pavement performance, while maintaining
desired levels of other concrete properties (e.g., strength and workability).

Tasks: 1. Assemble the requisite models for the system.

2. ldentify the requisite laboratory test procedures and ensure standardized reporting for
input to the mix design system.

3. Develop a beta version of the system and solicit peer review.

4. Develop afinal version of the system and prepare it for training and implementation.

Benefits: A quantum improvement to the mix design process; newly devel oped tests and models
for predicting pavement performance that allow the mix to be optimized to meet the
service requirements of structural and material performance.

Products: Updates to the software, guidelines, and supporting products for concrete mix design and
optimization.

Implementation: Thisthird stage of the mix design system will be immediately implementable and will
advance the industry. Further refinements will be made to this system in subsequent
stages to capture the functional performance of the concrete pavement more directly.
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Problem Statement MD 1.4. PCC Pavement Mix Design System
Integration Stage 4: Functionally Based Mix Design

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 1. PCC Mix Design System Development and I ntegration
Approx. Phasing: Year 8-Year 10

Estimated Cost:  $1M-$2M

Pavement and materials engineering decisions are often driven by functional requirements responding to a
public need—for example, demands for quieter, smoother, and safer pavements. While concrete pavements
can meet all of these functional demands, pavements must be designed appropriately to do so. As part of
this fourth stage, a system will be developed to evaluate the effects of concrete materials and mixture on
pavement function (e.g., noise, ride quality, texture). By better understanding these rel ationships, a more
rational approach to meeting these functional requirements can be met with improved mix design
techniques. Using these procedures, innovative solutions such as two-lift pavements can be designed
optimally, with the top layer designed to meet a set of functional demands.

Tasks: 1. Assemble the requisite models for the system.

2. ldentify the requisite laboratory test procedures and ensure standardized reporting for
input to the mix design system.

3. Develop a beta version of the system and solicit peer review.

4. Develop afinal version of the system and prepare it for training and implementation.

Benefits: A sophisticated optimization system capable of selecting the most appropriate mixture to
meet both performance requirements as well as functional requirements; a procedure
based on new test procedures that identify the potential for concrete to provide a smooth,
safe, and quiet pavement.

Products: Updates to the software, guidelines, and supporting products for concrete mix design and
optimization.

Implementation: Thisfinal stage of the mix design system will be immediately implementable. It serves as
the final product from this research track.
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Problem Statement MD 1.5. Integrating Recycled Materials into PCC
Mix Design System

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 1. PCC Mix Design System Development and Integration
Approx. Phasing: Year 5-Year 10

Estimated Cost:  $500k—$1M

Previous studies have demonstrated that recycled concrete and other recycled materials can be used in new
concrete mixtures successfully, aslong as the effects of using recycled materialsin the mixture are
compared to the effects of using virgin materials. This study will build off that work, determining
innovative ways to use recycled materialsin PCC pavements. As an increased emphasisis being placed on
sustainability within the United States and abroad, identifying creative uses for recycled materials will
sustain and likely extend their desirability.

Tasks: 1. Investigate the use of recycled materialsin mix designs for shorter performance life
pavements, such as an eight-year pavement.

2. Investigate using recycled materials for various portions of the product, for example
the fine or course fractions of the aggregate.

3. Investigate the boundaries for using recycled materials in bases and two-lift
construction.

4. Combine the recommended guidance into supplements or adjustments to the new
performance-based mix design system.

Benefits: Mix design procedures capable of economically and accurately characterizing recycled
materials as concrete constituents; facing the challenge of moving to a 100 percent reuse
policy, as many countries outside of the United States, particularly in Europe, are doing.

Products: Guidance and possible modifications to the mix design products that allow a user to
design a concrete mixture using recycled materials.

Implementation: With pressure to use recycled materials expected to increase, having proper guidance
available to users will ensure that the PCC pavement industry is prepared to meet these
demands.
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Subtrack MD 2. PCC Mix Design Laboratory Testing and
Equipment

This subtrack identifies all the new and upgraded equipment and test procedures needed for the
concrete |aboratory of the future. This subtrack also addresses a range of opportunities, from
improved laboratory mixing to more accelerated durability testing. It concludes with an expert
system that connects the test results to each other.

Problem Estimated .
Products Benefits
Statement Cost

MD 2.0. Framework | $200k A validated, sequenced, and detailed | An effective, coordinated, and

for PCC Mix Design research framework for this productive research program.

Laboratory Testing subtrack.

and Equipment

(Subtrack MD 2)

MD 2.1. Laboratory | $1IM—$2M AASHTO-formatted specifications | Lab equipment capable of simulating

Mixer to Replicate for constructing and operating a the full-scale batching process,

PCC Field Batching |aboratory mixer capable of resulting in more representative
replicating the full-scale batching concrete test specimens and thus a
and mixing process. more reliable mix design.

MD 2.2. Laboratory | $1IM—$2M AASHTO-formatted specifications | Lab equipment capable of simulating

Compactor to for constructing and operating a the compactive effort of adlip-form

Replicate Concrete laboratory compactor capable of paver, resulting in more

Paving Practice replicating the full-scale compactive | representative concrete test specimens
(consolidating) effort induced by the | and thus providing a more reliable
vibration and extrusion processof a | mix design.
slip-form paver.

MD 2.3. Aggregate $2M—$5M Various AASHTO-formatted New and improved aggregate test

Tests for PCC Mix materials specifications and test procedures, providing the mix

Characterization procedures capable of evaluating designer with amore reliable system
aggregate properties most sensitive | for selecting and proportioning the
to the behavior, durability, optimum aggregate for paving
performance, and function of both mixtures; ways to avoid potential
paving concrete and the concrete early durability problems.
pavement.

MD 2.4. $1IM—-$2M New AASHTO-formatted Specifications that will enable the

Performance-Based specifications for specifying mix designer to make informed

Cementitious cementitious materials used in choices about the proper materials,

Materias concrete paving mixtures. based on desired level of performance

Specifications and with a clear understanding of

compatibility or performance issues;
materials specifications that keep
pace with the dramatic changes in the
materials themselves.

MD 2.5. PCC Mix $2M—$5M Various AASHTO-formatted Test procedures that will identify the

Durability Tests

materials specifications and test
procedures capable of evaluating the
durability of concrete mixtures.

potential of durability-related
problemsin the laboratory during mix
design and in the field during
placement; alleviation of durability-
related issues, ranging from ASR to
freeze-thaw durability, and including
numerous chemical and mechanical
distress mechanisms.
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Problem Estimated .
Products Benefits
Statement Cost
MD 2.6. PCC Mix $2M—$5M Various AASHTO-formatted test Practical and accurate test procedures
Compatibility Tests procedures capable of identifying for identifying incompatibilities that
compatibility problems within a will reduce cost and improve concrete
mixture or between the mixtureand | paving performance; avoiding the
the paving environment. increasing possihility of
incompatibility from newer
constituents added to concrete
mixtures as well as conditions during
placement, such as climate.
MD 2.7. PCC Mix $2M—$5M Various AASHTO-formatted test New test procedures for measuring
Property Test procedures capable of quickly concrete mix properties that constitute
Devel opment measuring concrete mix properties acritical component of the mix
in arepeatable and reproducible design system, providing the data
fashion. necessary by the models for
optimization.
MD 2.8. PCC Mix $500k—-$1M AASHTO-formatted test procedures | Test procedures for thermal properties
Thermal Tests for measuring critica of concrete mixes that allow the
thermodynamic properties of a industry to quantify the impact that
concrete mix including calorimetry the hydration process has on both the
and thermal transport properties. early-age behavior and long-term
performance of the concrete
pavement.
MD 2.9. PCC Mix $2M—$5M AASHTO-formatted test procedures | Increased concrete pavement quality
Performance Testing for new equipment (or a through tracking the properties that
Equipment combination of existing equipment) | arethe most relevant to concrete
capable of ng the pavement performance.
performance potential of a concrete
mix (e.g., susceptibility to fatigue
cracking or spalling).
MD 2.10. PCC Mix $2M—$5M AASHTO-formatted test procedures | Increased concrete pavement quality
Functional Testing for new equipment (or a through tracking the properties that
Equipment combination of existing equipment) | arethe most relevant to concrete
capable of assessing the pavement performance.
performance potential of a concrete
mix (e.g., ability to construct a
smooth, safe, and quiet surface).
MD 2.11. Expert $1IM-$2M A robust computerized expert Preservation of institutional memory,
System for PCC system with an intuitive interface which is fading as many industry
Mixes that allows users to access best experts retire; an expert system that

practices and to troubleshoot.

captures their experiencein aform
that is easily accessible to anyone.
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Problem Statement MD 2.0. Framework for PCC Mix Design Laboratory
Testing and Equipment (Subtrack MD 2)

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 2. PCC Mix Design Laboratory Testing and Equipment
Approx. Phasing: Year 1-Year 3

Estimated Cost:  $200k

Subtrack MD 2 (PCC Mix Design Laboratory Testing and Equipment) provides a set of research problem
statements that will culminate in a significantly improved state of the art and practice. Asthe funding
becomes available, an initial effort will be necessary to develop a framework for the research to be
accomplished within this subtrack.

Tasks: 1. Examine the problem statements in subtrack MD 2 (PCC Mix Design Laboratory
Testing and Equipment), modify as appropriate, and divide them into specific,
manageable contracts.

2. Arrange the contracts in a carefully sequenced plan that reflects alogical progress of
research and available funding.

3. Expand each of the broad research problem statementsincluded in the subtrack into a
detailed research plan with specific objectives, tasks, and funding recommendations.

4. Review and provide direction for the various research contracts underway to ensure
that they fulfill their objectives and allow future contracts to use their results. Guide the
additional work required if a contract fails to achieve its objectives and additional work is

necessary.
Benefits: An effective, coordinated, and productive research program.
Products: A validated, sequenced, and detailed research framework for this subtrack.

Implementation: This research will provide the organization and validation essential for the success of this
subtrack. I mplementation of this problem statement will set the stage for the rest of the
problem statementsin subtrack MD 2 (PCC Mix Design Laboratory Testing and
Equipment).
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Problem Statement MD 2.1. Laboratory Mixer to Replicate PCC Field
Batching

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 2. PCC Mix Design Laboratory Testing and Equipment
Approx. Phasing: Year 2-Year 4

Estimated Cost: $1M-$2M

The techniques used to mix concrete in the laboratory are clearly different than field techniques. For
example, differences are evident in charging sequences and mixing energy. This research will develop
performance specifications for a new generation of laboratory mixers that can better replicate the full-sized
mixers commonly used in concrete paving. The cost and efficiency of alaboratory mixer will be
considered. If successful, the new laboratory mixer will more quickly evaluate new and innovative PCC
mix designs for research, mix development, and quality control.

Tasks: 1. Identify available technologies and previous trials of similar laboratory mixers.
2. Develop additional technology and equipment as needed.
3. Compare various concrete mixtures as mixed in full-scal e batching operations with
those mixed in the new laboratory mixer. Comparisons should be made based on

pertinent properties, such asair void structure, strength, and permeability.

4. If anew mixer is successfully identified, develop an AASHTO-formatted standard.

Benefits: Lab equipment capable of simulating the full-scale batching process, resulting in more
representative concrete test specimens and thus a more reliable mix design.

Products: AASHTO-formatted specifications for constructing and operating a laboratory mixer
capable of replicating the full-scale batching and mixing process.

Implementation: Thistechnology, if identified, can serve as a key component of the “laboratory of the
future” that will feed key mix test results into the mix design system.
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Problem Statement MD 2.2. Laboratory Compactor to Replicate
Concrete Paving Practice

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 2. PCC Mix Design Laboratory Testing and Equipment
Approx. Phasing: Year 2-Year 4

Estimated Cost: $1M-$2M

The techniques employed to consolidate laboratory specimens (either in the field or in the lab) clearly do
not represent the nature of the concrete in place after paving. Differences in the source and energy of
consolidation result in differences in the quantity, position, and orientation of the various concrete
constituents within the mixture (particularly the air void structure). This research will develop a
consolidation device that can better simulate the consolidation process that results from slip-form paving
(and other placement techniques as needed).

Tasks: 1. Identify available technologies and previous trials of similar laboratory compactors.
2. Develop additional technology and equipment as needed.
3. Compare various concrete mixtures compacted in place (behind a slip-form paver)
with mixtures compacted using the new laboratory compactor. Comparisons should be

made based on pertinent properties, such as air void structure, strength, and permeability.

4. If anew compactor is successfully identified, develop an AASHTO-formatted

standard.

Benefits: Lab equipment capable of simulating the compactive effort of a dip-form paver, resulting
in more representative concrete test specimens and thus providing a more reliable mix
design.

Products: AASHTO-formatted specifications for constructing and operating a laboratory compactor

capable of replicating the full-scale compactive (consolidating) effort induced by the
vibration and extrusion process of a dlip-form paver.

Implementation: Thistechnology, if identified, can serve as a key component in future laboratories that
will feed key mix test results into the mix design system.
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Problem Statement MD 2.3. Aggregate Tests for PCC Mix
Characterization

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 2. PCC Mix Design Laboratory Testing and Equipment
Approx. Phasing: Year 2-Year 10

Estimated Cost: $2M—-$5M

Aggregates constitute the largest component of nearly all concrete mixes, by both weight and volume. Asa
result, the properties of the concrete mix are largely driven by the properties of the aggregates. Because of
the high costs of mining and hauling aggregates, research is needed to develop procedures for identifying
the most cost-effective aggregate sources for a construction project that will meet the user’s durability,
performance, and functional requirements. The use of an aggregate will take into account the total cost of
the material, including consideration of haul distances, material quality, necessary mix design adjustments,
and projected long-term PCC performance. An important aspect of this research will be to develop tests
that can identify durable aggregates before the quarry wall is mined. Procedures will also be developed (or
current procedures revised) for rapidly determining the alkali-silica reaction potential of concrete mixes
made with this aggregate. Additionally, this research will identify ways to protect existing aggregate
sources from urban development and to access sources that are difficult to retrieve due to environmental
concerns and/or existing urban development. Above all, the test procedures devel oped here should clearly
link to the proposed mix design system.

While this broad research will require further definition during the framework stage, specific aggregate
properties expected to be researched under this task include cleanliness, thermal properties (especially
coefficient of thermal expansion), and abrasion resistance, among others. To lower transport costs,
lightweight aggregates should also be considered and eval uated.

Tasks: 1. Identify the needs for aggregate laboratory testing, prioritized based on the impact that
the properties have on concrete pavement durability and performance.

2. Develop AASHTO-formatted aggregate test procedures as needed, establishing clear
links to the mix design procedures.

3. Connect the aggregate test procedures to other tracks, including those for quality
control and non-destructive testing.

Benefits: New and improved aggregate test procedures, providing the mix designer with a more
reliable system for selecting and proportioning the optimum aggregate for paving
mixtures; ways to avoid potential early durability problems.

Products: Various AASHTO-formatted materials specifications and test procedures capable of
evaluating aggregate properties most sensitive to the behavior, durability, performance,
and function of both paving concrete and the concrete pavement.

Implementation: Numerous laboratory tests for concrete aggregates are expected to result from this task.
These tests will feed directly into the mix design system and serve as the foundation for
more advanced tests as the state-of-the-art continues to evolve.
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Problem Statement MD 2.4. Performance-Based Cementitious Materials
Specifications

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 2. PCC Mix Design Laboratory Testing and Equipment
Approx. Phasing: Year 2-Y ear 6

Estimated Cost: $1M-$2M

Cementitious materials as they are currently specified (i.e., by percent replacement) and classified (i.e., by
fineness and chemical compaosition) do not reflect their long-term performance as used in PCC pavements.
Current methods of specification and classification also fail to reflect the compatibility of the cementitious
materials with aggregates and chemical admixtures. This research will develop a cementitious materials
specification that reflects the link between the various properties of the cementitious materials and
performance and compatibility issues. The specification should be devel oped to differentiate the various
uses of cementitious materials and their influence on concrete’ s fresh properties, such as slump, air void
characteristics, and set time; and on concrete’ s hardened properties, such as strength and abrasion
resistance. Ongoing efforts and specifications being developed through ASTM and el sewhere should be
considered.

Tasks: 1. Identify existing and ongoing work in developing performance-based specifications for
cement, supplementary cementing materials, and cementitious materials, both
individually and as a combined material.

2. ldentify a structure for a performance-based specification that includes a suite of tests
rationally connected to pavement performance.

3. Develop an AASHTO-formatted draft specification and evaluate it based on the
performance of existing pavement sections as well as the known cementitious materials
properties.

4. Refine the specification based on the evaluation and integrate it into the mix design
system.

Benefits: Specifications that will enable the mix designer to make informed choices about the
proper materials, based on desired level of performance and with a clear understanding of
compatibility or performance issues, materials specifications that keep pace with the
dramatic changes in the materials themselves.

Products: New AASHTO-formatted specifications for specifying cementitious materials used in
concrete paving mixtures.

Implementation: A suite of tests will result that can be used to specify cementitious materials through
performance predictions. These tests will serve asinputsto the mix design system as well
as other research tracks, including process (quality) control.
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Problem Statement MD 2.5. PCC Mix Durability Tests

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 2. PCC Mix Design Laboratory Testing and Equipment
Approx. Phasing: Year 2-Year 10

Estimated Cost:  $2M—-$5M

Contractors and owner-agencies want to know whether a mix designed to last 30 or more years will
actualy last that long when placed in the field, particularly if the pavement is constructed under a warranty
or performance-based specification. Likely, no single test will ever be able to guarantee that a pavement
will last 30 or more years, largely because of variable environmental conditions and traffic/wheel loading
over the life of the pavement. However, it should be possible to devel op test methods to predict the
probability that a given concrete mix will last for the intended design life. While this broad research will
require further definition during the framework stage, many key mix durability characteristics should be
investigated as needed, including freeze-thaw durability, alkali-silicareaction (ASR) resistance, sulfate
attack resistance, steel corrosion potential, etc. Research is thus needed to develop accel erated testing
methods that more accurately predict the long-term strength, durability, and performance potential of
concrete. These tests will allow the owner-agency or contractor to evaluate the mix design prior to
construction as well as after placement, based on core samples removed from the newly placed pavement.
Aninitia step may require additional research to define the minimum water-cement ratio in the field.
Meanwhile, premature materials-related distress in concrete pavements appears to be growing more
widespread. As aresult, additional investigation is needed to identify the various potential causes of the
observed problems. Research is also needed to develop improved sulfate-resistant concretes, especially for
paving applications, and a broad program of research is needed to mitigate existing ASR conditions.
Finally, this task should also address air void and steel corrosion issues.

Tasks: 1. Identify the various durability issues facing concrete pavements, discerning and
linking, research that addresses both the visible distresses and the fundamental
mechanisms.

2. Research available equipment and test procedures to identify the potential for and
severity of the various deterioration mechanisms as a function of the concrete mix.

3. Develop and integrate AASHTO-formatted lab test procedures that feed into the mix
design system, allowing the user to optimize a mix based on material durability and other
criteria.

Benefits: Test procedures that will identify the potential of durability-related problemsin the
laboratory during mix design and in the field during placement; alleviation of durability-
related issues, ranging from ASR to freeze-thaw durability, and including numerous
chemical and mechanical distress mechanisms.

Products: Various AASHTO-formatted materials specifications and test procedures capable of
evaluating the durability of concrete mixtures.

Implementation: A suite of tests will result that can be used to identify the potential for durability issues
associated with a given mix design. These tests will serve as inputs for the mix design
system as well as other research tracks, including process (quality) control.
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Problem Statement MD 2.6. PCC Mix Compatibility Tests

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 2. PCC Mix Design Laboratory Testing and Equipment
Approx. Phasing: Year 2-Year 10

Estimated Cost:  $2M—-$5M

Mineral and chemical admixtures are currently available for improving the essential properties of a
concrete mix (strength, permeability, freeze-thaw resistance, etc.). However, these admixtures are often
used in combination in a PCC paving mix without a thorough understanding of the interaction or
compatibility of the materials. For example, while a proper air void system is essential for durable concrete,
excessive air voids reduce the effective cross-section area of concrete elements, decreasing concrete
strength. Supplementary cementitious materials can cause further complications by creating an unstable air
void system in freshly mixed concrete. This problem worsens when certain chemical admixtures are also
used in the concrete. Research is needed to study the interaction and compatibility of various admixturesin
PCC mixes and the effects that incompatibility may have on concrete properties and pavement
performance. Research is also needed to develop accel erated testing methods that more accurately predict
incompatibilities and their effects on long-term strength, durability, and performance. These tests will allow
the owner-agency or contractor to evaluate the mix design prior to construction and ensure compatibility of
mixture components prior to concrete placement.

Tasks: 1. Identify known compatibility problems amongst PCC admixtures, including the effects
admixtures have on concrete properties, such as workability and the air void system.

2. Conduct laboratory testing to identify further compatibility problems.
3. Determine the effects of incompatible materials on pavement performance.
4. Determine the limits on proportions of incompatible materials.

5. Develop AASHTO-formatted test procedures and associated equipment that can
identify incompatibilities in concrete mixesin the lab.

6. Integrate the lab test procedures into the mix design system to allow the user to avoid
mixture incompatibilities during the mix design process.

Benefits: Practical and accurate test procedures for identifying incompatibilities that will reduce
cost and improve concrete paving performance; avoiding the increasing possibility of
incompatibility from newer constituents added to concrete mixtures as well as conditions
during placement, such as climate.

Products: Various AASHTO-formatted test procedures capable of identifying compatibility
problems within a mixture or between the mixture and the paving environment.

Implementation: Guidelines and test procedures/equipment that can be used to identify potential
incompatible materialsin PCC paving mixes will result. These tests can be used during
the mix design process as well as for quality control during construction.
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Problem Statement MD 2.7. PCC Mix Property Test Development

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 2. PCC Mix Design Laboratory Testing and Equipment
Approx. Phasing: Year 2-Year 8

Estimated Cost:  $2M—-$5M

Mix properties affect both the constructability and long-term performance of PCC pavements. While this
broad research will require significant definition during the framework stage, some of the essential mix
properties that may warrant investigation include water-cement ratio, permeability, air void system, and
workability, among others. While several tests that measure most of these properties currently exist, many
of these test procedures are till somewhat crude or time consuming and give varied results. For example,
whileit is simple to calculate water-cement ratio based on batch weights, this calculation may not
accurately indicate the actual in-place water-cement ratio due to addition of water at the job site, inaccurate
estimates of aggregate moisture content, or water evaporation during transportation. Thin sections can be
used to estimate the water-cement ratio of the hardened concrete, but thisis time consuming and generally
occurs long after paving is finished. Research is needed to investigate essential mix properties and develop
or further refine procedures for measuring these mix properties quickly and accurately. This research will
identify essential mix properties affecting both constructability and pavement performance and develop
testing equipment for measuring these properties.

Tasks: 1.ldentify essential mix properties that affect pavement constructability and performance.

2. ldentify and develop AASHTO-formatted test procedures and associated equipment
for measuring these properties.

3. Develop new equipment that can be used to measure essential mix propertiesin the lab
and in the field quickly and accurately.

4. Develop recommendations for deploying mix property testing equipment.

Benefits: New test procedures for measuring concrete mix properties that constitute a critical
component of the mix design system, providing the data necessary by the models for
optimization.

Products: Various AASHTO-formatted test procedures capable of quickly measuring concrete mix

properties in a repeatable and reproducible fashion.

Implementation: Thiswork will result in test equipment that will quickly and accurately measure essential
mix properties. The test equipment can be used for trial batching during the mix design
process and for quality control during construction.
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Problem Statement MD 2.8. PCC Mix Thermal Tests

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 2. PCC Mix Design Laboratory Testing and Equipment
Approx. Phasing: Year 3-Year 6

Estimated Cost:  $500k—$1M

The FHWA HIPERPAYV program stands among a number of recent initiatives that have underscored the
importance of heat development in concrete pavements. A concrete mixture can generally be characterized
by a unique signature representing the amount and rate of heat generated through the hydration process.
Measuring this characteristic requires the use of a calorimeter, commonly isothermal, adiabatic, or semi-
adiabatic. While the importance of this concrete characteristic has been demonstrated and accepted, no
accepted standard for measurement yet exists. This research will develop a nonproprietary test standard
suitable for adoption by AASHTO. If both practical and cost-effective, the standard should spur widespread
acceptance of thistest for characterizing a concrete mixture. A second goal in devel oping the specification
should be to develop atest rugged enough for use in the field for routine quality control. Finally, if the heat
signature test is found to be sensitive to pavement performance, tests for other thermal properties should be
developed during thistask, including tests for the specific heat and thermal conductivity of the PCC. A
precedent currently exists for evaluating these parameters within the M-E pavement design guide.

Tasks: 1. Identify the mix thermal properties that are most sensitive for predicting concrete
pavement behavior and performance.

2. ldentify existing lab tests to evaluate the most sensitive properties. Evaluation criteria
should include ease of use, proprietary nature, cost, ruggedness, repeatability, and
reproducibility.

3. Select candidate |ab tests and perform a structured eval uation of the equipment,
comparing the test results to known standards, if possible.

4. Devel op specifications suitable for adoption by AASHTO.

Benefits: Test procedures for thermal properties of concrete mixes that allow the industry to
quantify the impact that the hydration process has on both the early-age behavior and
long-term performance of the concrete pavement.

Products: AASHTO-formatted test procedures for measuring critical thermodynamic properties of a
concrete mix including calorimetry and thermal transport properties.

Implementation: A number of tests will result that can be used to identify the thermal properties of
concrete mixes. These tests will serve asinputs for the mix design system as well as other
research tracks, including process (quality) control and intelligent construction systems.
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Problem Statement MD 2.9. PCC Mix Performance Testing Equipment

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 2. PCC Mix Design Laboratory Testing and Equipment
Approx. Phasing: Year 5-Year 10

Estimated Cost:  $2M—-$5M

Mix performance is one of the most important factors in determining pavement performance, particularly in
the long term. Some essentia performance properties include freeze-thaw resistance, abrasion resistance,
and sulfate-attack resistance, among others. Understanding mix performance will help contractors and
owner-agencies devel op mixes that meet the design life requirements. It isimportant to consider that
performance problems may not necessarily be caused by durability problems, such as material
incompatibility and freeze-thaw resistance, but may simply result from improper mixture proportioning or
material selection. This research will examine factors that affect mix performance and thereby affect
pavement performance. Testing equipment will be developed to help predict mix performance quickly
during the mix design process in the laboratory.

Tasks: 1. Identify factors (e.g., mix proportions and materials) that affect mixture performance.
2. ldentify equipment or test procedures that can be used to predict mix performance.

3. Refine existing equipment or develop new testing equipment that can be used to
predict mix performance quickly.

4. Work with contractors and owner-agencies to eval uate the test equipment.

5. Develop AASHTO-formatted specifications and associated recommendations for
deploying new testing equipment.

Benefits: Increased concrete pavement quality through tracking the properties that are the most
relevant to concrete pavement performance.

Products: AASHTO-formatted test procedures for new equipment (or a combination of existing
equipment) capable of assessing the performance potential of a concrete mix (e.g.,
susceptibility to fatigue cracking or spalling).

Implementation: Testing procedures and equipment that can predict mix performance in the laboratory will
result. The testing equipment can be used by contractors and owner-agencies during the
mix design process and for quality control testing.
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Problem Statement MD 2.10. PCC Mix Functional Testing Equipment

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 2. PCC Mix Design Laboratory Testing and Equipment
Approx. Phasing: Year 7-Year 10

Estimated Cost:  $2M—-$5M

Some properties of PCC mixes can affect the functional performance of PCC pavements, including mix
placeability (which affects ride quality and tire-pavement noise), abrasion resistance (which affects ride
quality and safety), skid resistance (which affects safety), and others. These properties of PCC mixes
ultimately determine the satisfaction of roadway users, particularly their safety and driving comfort. While
these issues may not directly affect pavement performance, significant consequences can result if they are
overlooked. For example, a pavement that istoo noisy may require expensive sound walls, while a
pavement with poor abrasion resistance may rut under studded tires and require costly rehabilitation.
Research is needed to investigate the essential functional properties of PCC paving mixes and develop tests
for measuring these properties. The tests should allow the contractor or owner-agency to predict functional
performance during the mix design process quickly so adjustments can be made prior to construction.

Tasks: 1. Identify important properties of PCC mixes that ultimately tie in to functional
pavement performance.

2. ldentify test procedures and equipment that can be used to measure these properties.

3. Madify existing equipment or develop new equipment that can quickly and accurately
measure the properties that predict pavement functional performance.

4. Develop AASHTO-formatted specifications and associated recommendations for
deploying functional testing equipment.

Benefits: Increased concrete pavement quality through tracking the properties that are the most
relevant to concrete pavement performance.

Products: AASHTO-formatted test procedures for new equipment (or a combination of existing
equipment) capable of assessing the performance potential of a concrete mix (e.g.,
susceptibility to fatigue cracking or spalling).

Implementation: Thiswork will result in testing procedures and equipment that can be used to measure
mix properties to predict pavement functional performance. The tests can be used during
the mix design process and for quality control during construction.
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Problem Statement MD 2.11. Expert System for PCC Mixes

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 2. PCC Mix Design Laboratory Testing and Equipment
Approx. Phasing: Year 3-Year 10

Estimated Cost: $1M-$2M

Recent concerns about early deterioration of concrete pavement have uncovered a need for tools that
predict concrete durability problems during mixture proportioning and design. Usually no limitations exist
on the combination of materials that can produce workable and durable concrete. However, constituent
materials with certain chemical attributes, such as high levels of alkali, may develop mixture durability
problems. Data for long-term tests of concrete mixtures, such as the prism test and screening tests for such
constituents as aggregate, are available from many states. Collecting these data into a large database could
serve as a foundation for an expert system to predict durability problems. The expert system could indicate
the potential for material combination problems and guide engineers and contractors in developing mix
designs for pavement projects.

Because of the rapid increase in the number of concrete production materials available, it isimportant to
develop anational database that collects and synthesizes information about all concrete mixes used
throughout the United States, from mix design to durability in the field. Clearly documenting the mixes that
are successful for a particular application and set of materials and those that are unsuccessful will provide
States and others with a means to assess their own mixes without having to perform extensive and costly
laboratory testing. Using the database, they will be able to determine whether a certain mix design will be
successful or unsuccessful. More specifically, this national database will contain information about the
concrete materials, mix proportions, locations of use, pavement designs, fresh and hardened concrete
properties, construction methods, and the long-term durability performance of the concrete mixes. It will
also detail issues such as whether alkali-silica reaction, sulfate attack, freeze-thaw resistance, or any other
fresh or hardened concrete property was inappropriate for a particular mixture and site condition.

Tasks: 1. Identify available sources of information for the expert system, including existing
syntheses, expert personnel, and existing databases.

2. ldentify a structure for the expert system that allows users intuitive accessto the
information and rapid and efficient population of the information during development.

3. Develop a beta version of the system and establish a peer review process.

4. Refine the expert system and prepare aform suitable for rapid implementation (e.g.,
consideration should be made for internet deployment to keep the system dynamic).

Benefits: Preservation of ingtitutional memory, which is fading as many industry expertsretire; an
expert system that captures their experience in aform that is easily accessible to anyone.

Products: A robust computerized expert system with an intuitive interface that allows usersto
access best practices and to troubleshoot.

Implementation: An expert system will be developed that includes an extensive database of experience and
other data related to paving concrete mixtures and their performance. Thisinformation
should be kept dynamic through a standing effort of updates and feedback.
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Subtrack MD 3. PCC Mix Design Modeling

This subtrack addresses the modeling needed to predict slab performance using the laboratory test
results identified in the previous subtrack. The modeling must also be fully coordinated
throughout this entire track. The research in the following problem statements will develop,
improve, adapt, calibrate, and validate PCC pavement models.

Problem Estimated .
Products Benefits
Statement Cost
MD 3.0. Framework | $150k A validated, sequenced, and detailed | An effective, coordinated, and
for PCC Mix Design research framework for this productive research program.
Modeling (Subtrack subtrack.
MD 3)
MD 3.1. Aggregate | $250k—$500k | Thoroughly documented models, Models that optimize the aggregate
Models for also in computerized form, that can structure within a concrete mix that
Optimizing PCC be used to optimize the sizing and have been shown to improve awide
Mixtures blending of aggregate stockpilesfor | variety of fresh and hardened concrete
aconcrete mix. properties.
MD 3.2. FreshPCC | $1IM-$2M Thoroughly documented models, Models that predict critical fresh
Pavement Behavior also in computerized form, that can concrete properties as a function of
Models be used to predict the behavior of the mix to alow the mix design
fresh concrete (e.g., rheology). system to consider these factors more
objectively.
MD 3.3. Hardened $250k—$500k | Thoroughly documented models, Characterization of hardened concrete
PCC Pavement also in computerized form, that can properties and behavior to optimize
Behavior Models be used to predict the behavior of the mix design system for
hardened concrete. performance.
MD 3.4. Improved $250k—$500k | Thoroughly documented models, Performance models predicting the
PCC Pavement also in computerized form, that can linkage between concrete pavement
Performance Models be used to predict the structural performance and mix propertiesin the
Adaptation performance (e.g., faulting) of a mix design system; supplements for
concrete pavement as a function of other ongoing efforts to develop these
mix properties. models.
MD 3.5. Functional | $250k—$500k | Thoroughly documented models, Functional models predicting the
PCC Pavement also in computerized form, that can linkage between concrete pavement
Models Adaptation be used to predict the functional function (e.g., smoothness, safety,
performance (e.g., smoothness) of a | noise) and mix propertiesin the mix
concrete pavement as a function of design system; supplements for other
mix properties. ongoing efforts to develop these
models.
MD 3.6. $250k—$500k | Thorough documentation of each of | Understanding variability well enough
Characterizing the sources and degrees of to quantify it objectively, thus
Concrete Materials variability in the concrete making remaining cost-effective in design.
Variability process.
MD 3.7. PCC Mix $1IM-$2M A cdlibration report of the various Proper calibration of the numerous

Model Calibration

models used for predicting concrete
mix behavior and concrete pavement
performance; adjustments to the
various models as needed.

models devel oped and assembled as
part of this research track before
widespread distribution of the system.
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Model Validation

models used for predicting concrete
mix behavior and concrete pavement
performance; adjustments to the
various models as needed.

Problem Estimated .
Products Benefits
Statement Cost
MD 3.8. PCC Mix $500k—$1M | A validation report of the various

A validation effort conducted prior to
release of the mix design system that
assesses the predictive ability of the
system in situations independent of
the development and calibration
activities.
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Problem Statement MD 3.0. Framework for PCC Mix Design Modeling
(Subtrack MD 3)

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 3. PCC Mix Design Modeling

Approx. Phasing: Year 1-Year 3

Estimated Cost:  $150k

Subtrack MD 3 (PCC Mix Design Modeling) provides a set of research problem statements that will
culminate in a significantly improved state of the art and practice. Asthe funding becomes available, an
initial effort will be necessary to develop a framework for the research to be accomplished within this
subtrack.

Tasks: 1. Examine the problem statementsin subtrack MD 3 (PCC Mix Design Modeling),
modify as appropriate, and divide them into specific, manageabl e contracts.

2. Arrange the contracts in a carefully sequenced plan that reflects alogical progress of
research and available funding.

3. Expand each of the broad research problem statementsincluded in the subtrack into a
detailed research plan with specific objectives, tasks, and funding recommendations.

4. Review and provide direction for the various research contracts underway to ensure
that they fulfill their objectives and allow future contracts to use their results. Guide the
additional work required if a contract fails to achieve its objectives and additional work is

necessary.
Benefits: An effective, coordinated, and productive research program.
Products: A validated, sequenced, and detailed research framework for this subtrack.

Implementation: This research will provide the organization and validation essential for the success of this
subtrack. Implementation of this problem statement will set the stage for the rest of the
problem statements in subtrack MD 3 (PCC Mix Design Modeling).
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Problem Statement MD 3.1. Aggregate Models for Optimizing PCC
Mixtures

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 3. PCC Mix Design Modeling

Approx. Phasing: Year 2-Year 4

Estimated Cost:  $250k—$500k

Aggregate packing is an important consideration for optimizing concrete mixtures. Aggregate packing is
used to determine the optimal proportions of aggregate for a specific concrete mix, given the aggregates
available for a particular project. The goal of aggregate packing isto minimize the voids in the aggregate
skeleton, thereby minimizing the amount of cement paste needed. This not only strengthens the mix by
maximizing the amount of aggregate, but also minimizes shrinkage, permeability, and porosity.
Additionally, minimizing the amount of cement paste reduces the cost of the mix, as cementitious materials
are generally the most expensive component in concrete mixes. Research is needed to develop a method for
characterizing the aggregate packing behavior in a concrete mixture based on the aggregate shape and
gradation.

Tasks: 1. Identify existing models suitable for predicting the optimum aggregate structure within
a concrete mixture.

2. Determine the suitability of the existing models for paving mixtures and conduct
research to make necessary adjustments.

3. Develop a beta version of the model through a stand-alone interface and eval uate the
predictions against lab and field data.

4. Develop the final model in aform suitable for rapid incorporation into the mix design
system.

Benefits: Models that optimize the aggregate structure within a concrete mix that have been shown
to improve awide variety of fresh and hardened concrete properties.

Products: Computerized models that can be used to optimize the sizing and blending of aggregate
stockpiles for a concrete mix; model documentation.

Implementation: The model developed under this effort will be used in the various predictive modes of the
mix design system.
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Problem Statement MD 3.2. Fresh PCC Pavement Behavior Models

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 3. PCC Mix Design Modeling

Approx. Phasing: Year 3-Year 7

Estimated Cost: $1M-$2M

Fresh PCC behavior affects the constructability and performance of PCC pavements, properties that
significantly impact the cost and quality of the finished product. Ensuring optimal fresh PCC properties for
a paving operation will improve paving efficiency, reduce labor costs, increase paving speed, and result in a
finished product that meets durability and functional requirements. Concrete moisture variations, for
example, significantly affect most concrete properties, such as strength and shrinkage. For example,
distresses such as plastic shrinkage cracking, delamination spalling, and drying shrinkage cracking result
from excessive moisture loss during construction. Likewise, the air void system significantly affects
pavement constructability and durability. Modeling can efficiently predict fresh PCC behavior and
pavement performance based on fresh PCC properties. Modeling also allows virtual adjustmentsto be
made to PCC mixes prior to trial batching. Multiscale models are needed to predict and guide the entire
concrete paving process, from microstructure to performance. More fundamental models will be developed
that tie fresh PCC properties to constructability and performance, and those properties selected for accurate,
reliable, and inexpensive field evaluation. These models will take into account various material properties,
climatic conditions, admixtures, and construction techniques available for paving operations. The models
will then be incorporated into easy-to-use software for both the contractor and the owner-agency that can
be incorporated into the broader mix design system developed in this research track.

Tasks: 1. Identify existing models suitable for predicting the behavior of afresh concrete
mixture.

2. Determine the suitability of the existing models to paving mixtures and conduct
research to make necessary adjustments.

3. Develop a beta version of the model through a stand-alone interface and eval uate the
predictions against lab and field data.

4. Develop the final model in aform suitable for rapid incorporation into the mix design
system.

Benefits: Models that predict critical fresh concrete properties as a function of the mix to allow the
mix design system to consider these factors more objectively.

Products: Computerized models that can be used to predict the behavior of fresh concrete (e.g.,
rheology); model documentation.

Implementation: Thiswork will result in models that can be used to predict constructability and pavement
performance based on fresh PCC properties. The models can be used both during the mix
design process and as a replacement or supplement to quality control tests during
construction.
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Problem Statement MD 3.3. Hardened PCC Pavement Behavior Models

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 3. PCC Mix Design Modeling

Approx. Phasing: Year 3-Year 8

Estimated Cost:  $250k—500k

Understanding pavement behavior is essential for the pavement design process, as pavement behavior
influences pavement characteristics (e.g., thickness, dlab length), joint design, mix design, and construction
techniques. Modeling pavement behavior is an efficient way to ensure that the pavement design is adequate
for the given conditions. Improved models for understanding hardened PCC pavement behavior are needed
to predict critical aspects such as curling and warping, joint functionality, and others. These models should
take into account material properties, mix properties, construction conditions, and pavement characteristics.
The models should also account for hardened PCC properties, such as creep, coefficient of thermal
expansion, zero-stress temperature, dlab temperature gradients, pavement support, and environmental
conditions, among others. These new models will allow designers, contractors, and owner-agencies to make
necessary adjustments to pavement design characteristics during the design process, well in advance of
construction, as well as during construction.

Tasks: 1. Identify existing models suitable for predicting hardened concrete behavior. The
model s selected should be used in concert with ongoing work in track 2 (Performance-
based Design Guide for New and Rehabilitated Concrete Pavement).

2. Determine the suitability of the existing models for paving mixtures and conduct
research to make necessary adjustments.

3. Develop a beta version of the models through a stand-alone interface and evaluate the
predictions against lab and field data.

4. Develop the final modelsin aform suitable for rapid incorporation into the mix design
system.

Benefits: Characterization of hardened concrete properties and behavior to optimize the mix design
system for performance.

Products: Computerized models that can be used to predict the behavior of hardened concrete;
model documentation.

Implementation: Thiswork will result in models that predict hardened PCC pavement behavior, presented
in the form of easy-to-use software. The models can be employed both during the design
process and to make design adjustments during construction. This work assumes that the
research done in track 2 (Performance-based Design Guide for New and Rehabilitated
Concrete Pavement) has been completed. The estimated cost for this research is above
and beyond that in track 2.
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Problem Statement MD 3.4. Improved PCC Pavement Performance
Models Adaptation

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 3. PCC Mix Design Modeling

Approx. Phasing: Year 3-Year 7

Estimated Cost:  $250k—$500k

When designing a PCC pavement, the pavement engineer specifies performance goals for both the plastic
and hardened concrete. The owner and contractor want to be able to predict this performance to ensure that
what is specified and placed will meet the long-term goals. This research will develop new models or refine
existing ones to evaluate the characteristics of given mix designs and thus predict long-term pavement
performance. The models will take into account the mix properties as well as site characteristics and
construction techniques to predict pavement performance. These models will be suitable for use during
both the mix design process and construction so that necessary adjustments can be made quickly.

Tasks: 1. Identify existing models suitable for predicting concrete pavement performance as a
function of the concrete mixture. The models selected should be used in concert with
ongoing work in track 2 (Performance-based Design Guide for New and Rehabilitated
Concrete Pavement).

2. Determine the suitability of existing models to paving mixtures and conduct research
to make necessary adjustments.

3. Develop beta versions of the models through a stand-alone interface and evaluate the
predictions against Iab and field data.

4. Develop the final modelsin aform suitable for rapid incorporation into the mix design

system.

Benefits: Performance models predicting the linkage between concrete pavement performance and
mix propertiesin the mix design system; supplements for other ongoing effortsto
develop these models.

Products: Computerized models that can be used to predict the structural performance (e.g.,

faulting) of a concrete pavement as a function of mix properties; model documentation.

Implementation: Thiswork will result in models for predicting long-term pavement performance based on
mix properties. The models will be usable at the mix design stage as well as during
construction to rapidly assess the mixes being placed. This work assumes that the
research done in track 2 (Performance-based Design Guide for New and Rehabilitated
Concrete Pavement) has been completed. The estimated cost for this research is above
and beyond that in track 2.
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Problem Statement MD 3.5. Functional PCC Pavement Models
Adaptation

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 3. PCC Mix Design Modeling

Approx. Phasing: Year 4-Year 9

Estimated Cost:  $250k—$500k

Functional PCC pavement performance ensures user satisfaction and pavement durability. Smoother
pavements, for example, are not only more desirable to the user, but also reduce dynamic loading on the
pavement, increasing pavement life. However, smoothnessis not the only functional performance aspect.
Pavement-tire noise and skid resistance are also key functional performance factors. The concrete mixture
impacts these functional performance factors. Mixes that are difficult to place, for example, can result in
rough pavements. Models are needed to predict functional performance during the mix design process.
Predicting functional performance will allow contractors or owner-agencies to adjust the mix design so that
the finished pavement will meet the functional requirements. The new models will also allow contractorsto
adjust the mix design as materials or construction conditions change during pavement placement.

Tasks: 1. Identify existing models suitable for predicting the functional properties of a concrete
pavement as a function of the concrete mixture. The models selected should be used in
concert with ongoing work in track 2 (Performance-based Design Guide for New and
Rehabilitated Concrete Pavement).

2. Determine the suitability of the existing models to paving mixtures and conduct
research to make adjustments necessary

3. Develop beta versions of the models through a stand-alone interface and eval uate the
predictions against lab and field data.

4. Develop the final modelsin aform suitable for rapid incorporation into the mix design
system.

Benefits: Functional models predicting the linkage between concrete pavement function (e.g.,
smoothness, safety, noise) and mix properties in the mix design system; supplements for
other ongoing efforts to devel op these models.

Products: Computerized models that can be used to predict the functional performance (e.g.,
smoothness) of a concrete pavement as a function of mix properties; model
documentation.

Implementation: Thiswork will result in models to predict pavement functional performance based on mix
design properties and materials. The models can be used during both the mix design
process and construction. This work assumes that the research done in track 2
(Performance-based Design Guide for New and Rehabilitated Concrete Pavement) has
been completed. The estimated cost for this research is above and beyond that in track 2.
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Problem Statement MD 3.6. Characterizing Concrete Materials
Variability

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 3. PCC Mix Design Modeling

Approx. Phasing: Year 2-Year 7

Estimated Cost:  $250k—$500k

This research will document the sources of and solutions to concrete pavement variability. A better
understanding of variability in current PCC pavement construction is needed, including stockpiles,
batching, transport, placement, finishing, and curing. Following a synthesis of work done in this area, the
researcher should advance strategies to minimize variability through improved equipment, measuring
devices, and operator influences. The impact of reducing variability should be assessed for the following:
(2) contractor profitability, (2) specification tolerances, and (3) design safety factors. By reducing
variability, modern pavement design procedures can be used, resulting in more cost-effective designs that
also improve overall pavement performance. The overall influence that variability has on design safety and
product acceptance needs to be better understood, especially product acceptance as it relates to the size of
the product sample.

Tasks: 1. Identify information sources for assessing the variability of concrete mixtures and
other elements of the concrete paving process. This work should be done in concert with
ongoing work in track 2 (Performance-based Design Guide for New and Rehabilitated
Concrete Pavement).

2. Synthesize variability information and collect additional information as needed.

3. ldentify inputs for the mix design system that variability information would affect,
considering the most appropriate means to consider risk and reliability in the mix design
procedure.

Benefits: Understanding variability well enough to quantify it objectively, thus remaining cost-
effectivein design.

Products: Thorough documentation of each of the sources and degrees of variability in the concrete
making process.

Implementation: This research will result in a better understanding of the sources of variability in the
concrete paving process. Thisinformation, in turn, can be used in the mix design system
to develop more reliable and cost-effective designs. This work assumes that the research
donein track 2 (Performance-based Design Guide for New and Rehabilitated Concrete
Pavement) has been completed. The estimated cost for this research is above and beyond
that in track 2.
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Problem Statement MD 3.7. PCC Mix Model Calibration

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 3. PCC Mix Design Modeling

Approx. Phasing: Year 4-Year 8

Estimated Cost: $1M-$2M

Developing the sophisticated PCC mix design system proposed in this research track will require numerous
models and components that are based on varying degrees of calibrated relationships. Integration of these
components into alarger system, however, introduces the need for an overall calibration. This calibrationis
required if users are to have confidence in the mix design system’s predictions. This research will organize
acalibration effort that will evaluate awide range of materials, site conditions, climates, construction
techniques, pavement characteristics, and other variables. The result will be recommendations for
adjustments to the mix design procedure that will increase the reliability of the predictions.

Tasks: 1. Identify variables for calibration, such as materials, site conditions, climates, etc.
2. ldentify typical ranges for each variable.
3. Perform laboratory calibrations for the different variables that can be tested in the lab.
4. Perform on-site calibration tests where needed.

5. Calibrate models for deployment.

Benefits: Proper calibration of the numerous models developed and assembled as part of this
research track before widespread distribution of the system.

Products: A calibration report of the various models used for predicting concrete mix behavior and
concrete pavement performance; adjustments to the various models as needed.

Implementation: Thiswork will result in calibrated models for the mix design system, considering awide
range of materials, site conditions, climates, construction techniques, and pavement
characteristics.
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Problem Statement MD 3.8. PCC Mix Model VValidation

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 3. PCC Mix Design Modeling

Approx. Phasing: Year 5-Year 10

Estimated Cost:  $500k—$1M

Although the PCC mix design system models will be calibrated for awide range of materials, site
conditions, climates, construction techniques, and pavement characteristics, validation using actual paving
projectsis required for the system to gain wide acceptance. This research will organize and conduct
independent validation studies of the mix design system on actual paving projects. The projects will be
selected to ensure that a wide variety of materials and conditions exists between projects.

Tasks: 1. Identify possible candidate paving projects for model validation under varied
conditions.

2. Implement the mix design system during the paving project mix design process.
3. Track problems or issues in the mix design system during paving operations.

4. Based on the validation projects, make necessary modifications to the mix design
system.

Benefits: A validation effort conducted prior to release of the mix design system that assesses the
predictive ability of the system in situations independent of the development and
calibration activities.

Products: A validation report of the various models used for predicting concrete mix behavior and
concrete pavement performance; adjustments to the various models as needed.

Implementation: Thiswork will result in a validated mix design system that is ready for incorporation into
owner-agency pavement mix design practices.
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Subtrack MD 4. PCC Mix Design Evaluation and
Implementation

This subtrack addresses field evaluation and implementation procedures, provides a mechanism
for user feedback, and prepares the products from this research track to be adopted. The following
problem statements outline mix design system conferences and workshops, mobile laboratory
demonstrations, web-based training, and other technology transfer activities.

Problem Estimated .
Products Benefits
Statement Costs
MD 4.0. Framework | $150k A validated, sequenced, and detailed | An effective, coordinated, and
for PCC Mix Design research framework for this subtrack. | productive research program.
Evaluation and
Implementation
(Subtrack MD 4)
MD 4.1. PCC $2M—$5M A series of conferences and Workshops and conferences that
Pavement Mix workshops that include presenting provide vital components of the
Design System the proper use of the new mix design | technology transfer for the
Conferences and system along with a background of performance-based mix design
Workshops the devel opment. system ; activities that offer users
hands-on experience with the mix
design system at various stages,
valuable feedback for devel oping
the system.
MD 4.2. Support for $1IM—-$2M A series of conferences and A mobile concrete |aboratory that
FHWA Mobile workshops that present the proper allows potential users afirst-hand
Concrete Laboratory use of the new mix design system look at available technology; an
Demonstrations along with a background of the instrumental component in
development; further demonstration | technology transfer; demonstrations
of the Mobile Concrete Research of the performance-based mix
Laboratory nationwide. design system along with the
requisite laboratory tests.
MD 4.3. Standardized | $250k—$500k | Industry standards for nomenclature | Industry standards that allow datato
Databases and and for measuring and reporting be assembled in a common format,
Electronic information and data used by the resulting in amore efficient
Communications concrete paving industry. development effort; standardized
Protocols for the system for the multi-faceted
Concrete Pavement concrete pavement industry to usein
Industry pooling materials, equipment, and
other disciplines.
MD 4.4. Web-based | $500k-$1M A web-based training system capable | Mix design system training from
Training System for of effectively training potential users | remote locations; afeasible and
Implementation of of the numerous products developed | cost-effective training medium for
PCC Research under the performance-based mix an age in which broadband internet
Products design track. access is becoming standard.
MD 4.5. PCC Mix $1IM—-$2M Funding for purchasing the Funding made available to allow

Design Equipment

equipment recommended for usein

State agencies to use the new

for States the performance-based mix design equipment recommended as part of
system. the mix design system.
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Problem Statement MD 4.0. Framework for PCC Mix Design Evaluation
and Implementation (Subtrack MD 4)

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 4. PCC Mix Design Evaluation and I mplementation

Approx. Phasing: Year 1-Year 3

Estimated Cost:  $150k

Subtrack MD 4 (PCC Mix Design Evaluation and I mplementation) provides a set of research problem
statements that will culminate in a significantly improved state of the art and practice. Asthe funding
becomes available, an initial effort will be necessary to develop a framework for the research to be
accomplished within this subtrack.

Tasks: 1. Examine the problem statements in subtrack MD 4 (PCC Mix Design Evaluation and
Implementation), modify as appropriate, and divide them into specific, manageable
contracts.

2. Arrange the contracts in a carefully sequenced plan that reflects alogical progress of
research and available funding.

3. Expand each of the broad research problem statementsincluded in the subtrack into a
detailed research plan with specific objectives, tasks, and funding recommendations.

4. Review and provide direction for the various research contracts underway to ensure
that they fulfill their objectives and allow future contracts to use their results. Guide the
additional work required if a contract fails to achieve its objectives and additional work is

necessary.
Benefits: An effective, coordinated, and productive research program.
Products: A validated, sequenced, and detailed research framework for this subtrack.

Implementation: This research will provide the organization and validation essential for the success of this
subtrack. I mplementation of this problem statement will set the stage for the rest of the
problem statements in subtrack MD 4 (PCC Mix Design Evaluation and | mplementation).
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Problem Statement MD 4.1. PCC Pavement Mix Design System
Conferences and Workshops

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 4. PCC Mix Design Evaluation and I mplementation

Approx. Phasing: Year 3-Year 10

Estimated Cost: $2M—-$5M

Transportation agencies are often slow to adopt new technol ogies and techniques due to unfamiliarity with
these innovations and a lack of resources for research. Workshops and conferences will thus provide an
ideal environment for familiarizing and training agenciesin the PCC pavement mix design system. These
technology transfer activities will allow both contractors and owner-agencies to better understand the
aspects of the mix design system and the benefits this system will provide for pavement construction and
performance.

Tasks: 1. Identify states and/or industry representatives willing to host mix design system
workshops and conferences.

2. Assemble pertinent information on the mix design system components.

3. Conduct workshops and conferences, presenting mix design system information and
providing hands-on training for the mix design software.

Benefits: Workshops and conferences that provide vital components of the technology transfer for
the performance-based mix design system ; activities that offer users hands-on experience
with the mix design system at various stages; val uable feedback for developing the
system.

Products: A series of conferences and workshops that include presenting the proper use of the new
mix design system along with a background of the development.

Implementation: This research will result in numerous workshops and conferences on the PCC pavement
mix design system at various venues throughout the United States.
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Problem Statement MD 4.2. Support for FHWA Mobile Concrete
Laboratory Demonstrations

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 4. PCC Mix Design Evaluation and I mplementation

Approx. Phasing: Year 3-Year 10

Estimated Cost: $1M-$2M

The FHWA Maobile Concrete Laboratory brings the lab to the jobsite to introduce contractors and owner-
agencies to concrete mix design and testing technology. With the development of a new mix design system
and new testing equipment and procedures, on-site demonstrations using the Mobile Concrete Laboratory
are necessary for introducing this new technology to contractors and owner-agencies. For this purpose, this
research will provide funding to send the Mobile Concrete Research Laboratory to various projects
throughout the United States.

Tasks: 1. Identify potential projects and contractors and owner-agencies interested in Mobile
Concrete Laboratory demonstrations.

2. Demonstrate the mix design system and new concrete testing equipment at these
project locations.

Benefits: A mobile concrete laboratory that alows potentia users afirst-hand look at available
technology; an instrumental component in technology transfer; demonstrations of the
performance-based mix design system along with the requisite laboratory tests.

Products: A series of conferences and workshops that present the proper use of the new mix design
system along with a background of the development; further demonstration of the Maobile
Concrete Laboratory nationwide.

Implementation: This research will provide continued funding for sending the Mobile Concrete Laboratory
to PCC paving projects throughout the country.
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Problem Statement MD 4.3. Standardized Databases and Electronic
Communications Protocols for the Concrete Pavement Industry

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 4. PCC Mix Design Evaluation and I mplementation

Approx. Phasing: Year 2-Year 10

Estimated Cost:  $250k—$500k

Successfully implementing all research products and practices depends on effective communication.

I neffective communication often delays concrete products bound for the market, delays/duplicates
paperwork between suppliers and vendors, reduces management efficiency, loses the value added when
concrete-related computerized guidelines work together, and decreases data accuracy due to
transaction/conversion between incompatible systems/formats, among other problems.

As computing and internet technologies advance, electronic communication forms become ubiquitous and
convenient modes of effective communication. Extensible markup language (XML), originally designed to
satisfy the demands of large-scal e electronic publishing, has become an open standard for exchanging a
wide variety of web data. XML facilitates data generation and reading and ensures that the data structure is
unambiguous. The benefits of using acommon XML schemain the concrete pavement industries include
the following: distributing information (e.g., concrete mixture design specifications, concrete research
findings, pavement design/construction information) through the web or any electronic publishing and
syndication service, electronic commerce transaction processing (concrete batch tickets, concrete lab test
results), transparent management control in a multi-vendor environment (various contractors, concrete
testing labs), query formulation to obtain desired information (e.g., mix design alternatives, pro/con of
specific practices) from knowledge-based systems, and interoperability among various computerized
concrete design guidelines/analyses. Both PCA/NRM CA and ACI committee 235 have initiated XML
schema for the concrete industries. However, alack of funding and resources limited progress. The FHWA
has recently requested proposals for the research project “The XML Schemas for Exchange of
Transportation Data (TransXML)” (project expected to start in summer 2004).

Thiswork will result in a ConcreteX ML schema based on the W3C (World Wide Web Consortium) XML
schema design principles and requirements. This ConcreteX ML schema, with its own namespace, can then
be merged into the TransXML under the overall XML schema framework by the W3C. In developing this
working schema, an important task will include standardizing terms and XML vocabulariesin al concrete
pavement-related industries (e.g., State pavement management, State specifications, cement producers,
admixture producers, aggregate suppliers, concrete testing labs, mix design firms, concrete batch plants,
material delivery, paving companies, financial/inventory). Thus, any XML documents based in
ConcreteXML can be validated easily and automated for quick and error-proof electronic data exchange.

Tasks: 1. Identify systems for standardizing databases and electronic communications, such as
XML.

2. Standardize terms and XML vocabulariesin all concrete paving-related industries.

3. Implement a standard ConcreteXML or comparable system for all databases and
electronic communications.

Benefits: Industry standards that allow data to be assembled in a common format, resultingin a
more efficient development effort; standardized system for the multi-faceted concrete
pavement industry to use in pooling materials, equipment, and other disciplines.
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Products: Industry standards for nomenclature and for measuring and reporting information and
data used by the concrete paving industry.

Implementation: Thiswork will result in a standardized protocol for databases and electronic
communications for the concrete pavement industries.
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Problem Statement MD 4.4. Web-Based Training System for
Implementation of PCC Research Products

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 4. PCC Mix Design Evaluation and I mplementation

Approx. Phasing: Year 6-Year 10

Estimated Cost:  $500k—$1M

Research project results are often inadequately implemented and thus incompletely used. A mechanism for
adequate research product technology transfer is therefore necessary. A web-based service that contains
information about research products from different research organizations should be devel oped. This web-
based service should include actual case studies, online software applications, documentation, and other
resources to make research findings more accessible to the paving community.

Tasks: 1. Compile information about new testing equipment and procedures and mix design
software, including thorough documentation, case studies, downloadable software
applications, photos, and video, if necessary.

2. Develop web-based training modules for the software and testing equipment.

3. Create and maintain a website for accessing the training modules, providing updates
for new products or refinements to existing products.

Benefits: Mix design system training from remote locations; a feasible and cost-effective training
medium for an age in which broadband internet access is becoming standard.

Products: A web-based training system capable of effectively training potential users of the
numerous products developed under the performance-based mix design track.

Implementation: This research will result in web-based training modules for new mix design software and
testing equipment.
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Problem Statement MD 4.5. PCC Mix Design Equipment for States

Track: Track 1. Performance-Based Concrete Pavement Mix Design System (MD)
Subtrack: Subtrack MD 4. PCC Mix Design Evaluation and I mplementation
Approx. Phasing: Mid

Estimated Cost:  $1M—-$2M

Most States lack the funding necessary to purchase their own new and advanced equipment. Moreover,
many contractors are reluctant to invest large amounts of capital in new equipment unless they are sure it
will be profitable. Therefore, avehicle that assists states in purchasing much needed equipment should be
established to promote such equipment for mix design testing.

Tasks: Establish requirements for assisting states with the purchase of advanced equipment for
mix design testing.

Benefits: Funding made available to allow State agencies to use the new equipment recommended
as part of the mix design system.

Products: Funding for purchasing the equipment recommended for use in the performance-based
mix design system.

Implementation: Thiswork will result in avehicle that assists States in purchasing advanced equipment for
PCC pavement mix design testing.
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Track 2 (DG) Overview

Under this track, the concrete pavement research community will attempt to develop a
mechanistic approach to pavement restoration and preservation strategies. This track builds off of
the excellent comprehensive work done under NCHRP 1-37A (development of the M-E
pavement design guide). The problem statements below will continuously improve the models,
designs, rehabilitation efforts, and all aspects of the work done under NCHRP 1-37A. Thistrack
relies on a detailed understanding the M-E pavement design guide, committing researchersto the
power of modeling and predictions. However, the CP Road Map also identifies the need for
simplified mix design procedures for cities and counties, as well as a design catal og approach.
Because many materials properties are important to design success, it iscritical that the research
conducted under thistrack be closely coordinated with that done in track 1 (Performance-Based
Concrete Pavement Mix Design System).

Empirical approaches to concrete pavement design are effective when the conditions basically
remain the same, the focusis on structural design, and the attention is not on understanding and
managing distress or failure modes. The pavement design practice of today is basically empirical,
though the state-of -the-practice is moving toward mechanistic approaches. The primary source of
much of today’ s pavement design is still the AASHTO road test of the 1950s. This one subgrade,
one base, one climate, limited traffic design guide was constructed using better-than-normal
construction practices. Data analysis techniques were also fairly basic and the incorporation of
reliability wasinsufficiently understood. Moreover, the AASHTO road test did not incorporate
many of the concepts and products used in concrete pavement practice today, including concrete
overlays, permeable bases, different cements, dowel bar retrofits, and other necessary repairs.

The state-of -the-practice today is moving rapidly toward mechanistic-empirical approaches,
particularly with the release of the M-E pavement design guide and the expressed interest of
many States. These mechanistic-empirical approaches will allow the designer to account for new
design features and characteristics, many materials properties, changing traffic characteristics,
and differing construction procedures (such as curing and day/night construction). The designer
can also now consider additional design features and focus more on pavement performance,
including limiting key distress types.

In continuing this work, this track not only looks to the next generation of modeling
improvements, but seriously considers the integration of design with materials, construction,
presentation, and surface characteristics. This track also explores the development of new high-
speed computer anaysis tools for optimizing pavement design that can address changes to
multiple inputs and thus offer better data on potential life-cycle costs and reliability.

The following introductory material summarizes the goal and objectives for this track and the
gaps and challenges for its research program. A phasing chart is included to show the
approximate sequencing of the problem statements in the track. A table of estimated costs
provides the projected cost range for each problem statement, depending on the research priorities
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and scope determined in implementation. The problem statements, grouped into subtracks, then
follow.

Track Goal

M echani stic-based concrete pavement designs will be reliable, economical, constructible, and
maintai nable throughout their design life and meet or exceed the multiple needs of the traveling
public, taxpayers, and the owning highway agencies. The advanced technology developed under
this track will increase concrete pavement reliability and durability (with fewer early failures and
lane closures) and help devel op cost-effective pavement design and rehabilitation.

Track Objectives

1. Develop viable (e.g., reliable, economical, constructible, and maintainable) concrete
pavement options for al classes of streets, low-volume roads, highways, and special
applications.

2. Improve concrete pavement design reliability, enhance design features, reduce life cycle
costs, and reduce lane closures over the design life by maximizing the use of fundamental
engineering principles through mechanistic relationships.

3. Integrate pavement designs with materials, construction, traffic loading, climate,
preservation treatments, rehabilitation, and performance requirements to produce reliable,
economical, and functional (noise, spray, aesthetics, friction, texture, illumination)
designs.

4. Integrate traditiona structural pavement design with materials, construction, traffic
loading, climate, preservation treatments, rehabilitation, and performance inputs that will
produce reliable, economical, and functional (noise, spray, aesthetics, friction, texture,
illumination) designs.

5. Design preservation and rehabilitation treatments and strategies using mechani stic-based
procedures that use in-place materials from the pavement structure to minimize life cycle
costs and construction and maintenance lane closures.

6. Develop and evaluate new and innovative concrete pavement designs for specific needs
(e.g., high traffic, residentid traffic, parkways).

Research Gaps

o Insufficient understanding of factors that improve design reliability
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o Pavement designs that lack design reliability for all occasions

e Insufficient information to effectively design low-volume local jurisdictions

e Lack of design integration with materias, construction, and rehabilitation factors

e Lack of methods for conducting multiple high-speed design analyses and sensitivity
studies

e Lack of fundamental relationships for preservation and rehabilitation designs

o Insufficient understanding of pavement foundations and the proper selection of base,
subbase, and subdrainage elements.

e Lack of new and innovative concrete pavement designs

e Insufficient understanding of the issues surrounding multiple traffic lane design

Research Challenges

e Consider al significant variabilities and uncertainties properly, develop M-E pavement
design reliability methodology that considers all sources of variability directly, and
produce concrete pavement designs that meet the desired reliability level (not over or
under designed).

e Design pavements reliably and with innovations for unconventional concrete pavement
needs, such as concrete overlays, low-volume solutions, very heavy traffic, stage
construction with low initia costs, and tunnels.

e Obtain design, materials, traffic, and performance data for low-volume roads to help
calibrate and validate the design procedure.

e Understand fundamental material properties using appropriate test procedures, develop
improved pavement response and distress models, and understand and model complicated
relationships between structural design, mix designs, and construction factors.

o Determine the impact of the design changes proposed in the M-E pavement design guide
developed under NCHRP 1-37A, devel op high-speed computer analyses to better
implement an incremental damage approach, and encourage users to continue developing
mechanistic concepts.
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e Reducereliance on empirical relationships, more fully consider the existing subgrade and
pavement design and condition and the options for dealing with it in structural
rehabilitation design, and model the impact of preservation treatments and rehabilitation
treatments.

e Understand and more fully capture the twenty years of experience with permeabl e bases
and drains, better understand erodibility and bonding, identify the times when
subdrainage and layer permeability are needed and when outlets for the permeable layer
(e.g., daylighting) must be improved, and improve environmental stewardship by using
recycled materials in the foundation.

o Establish aclear rational for new and innovative design sections, overcome the
incremental improvement mentality for wholesale rethinking, and build, test, and
evaluate innovative sections.

o Determine the number of lanes and shoulders that can be tied together for given projects
and determine tiebar design for specific project conditions.
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Research Track 2 (DG) Estimated Costs

Problem Statement

Estimated Cost

Subtrack DG 1. Design Guide Structural M odels

DG 1.0. Framework for Design Guide Structural Models (Subtrack DG 1) $250k
DG 1.1. Development of Benchmark Problems for Concrete Pavement Structural Models $500k—$700k
Validation
DG 1.2. Improvement of 2D and/or 3D Structural Models for Jointed Plain Concrete Pavement $5M—$6M
and Continuously Reinforced Concrete Pavement Used for Reconstruction and Overlays
DG 1.3. Development of Model for Erosion Related to Material Properties under Dynamic Whee  $800k—$1.2M
Loading
DG 1.4. Improvements to Dynamic Modeling of Concrete Pavement Systems for Usein Design $800k—$1.2M
and Analysis
DG 1.5. Structural Models for Special New Types of Concrete Pavements and Overlays $1IM-$2M
Subtrack DG 2. Design Guide I nputs, Performance M odels, and Reliability
DG 2.0. Framework for Design Guide Inputs, Performance Models, and Reliability (Subtrack DG~ $300k
2)
DG 2.1. Enhancement and Validation of Enhanced Integrated Climatic Models for Temperature, $1IM-$2M
Moisture, and Moduli
DG 2.2. Development and Enhancement of Concrete Materials Models for Improved Pavement $5M—$6M
Design
DG 2.3. Enhancement and Validation of Traffic Loading Models Unique to Concrete Pavements ~ $600k—$1M
DG 2.4. Improved Jointed Plain Concrete Pavement Deterioration Models $1.5M-$2.5M
DG 2.5. Improved Continuously Reinforced Concrete Pavement Cracking and Punchout $1.5M-$2.5M
Prediction Models
DG 2.6. Improved Consideration of Foundation and Subdrainage Models $1IM-$1.5M
DG2.7. Identify and Implement New and Practical Ways to Incorporate Reliability into Concrete  $3M-$5M
Pavement Design and Rehabilitation
Subtrack DG 3. Special Design and Rehabilitation |ssues
DG 3.0. Framework for Special Design and Rehabilitation Issues (Subtrack DG 3) $150k
DG 3.1. Concrete Pavement Design Aspects Related to Multiple/Additional Lanes $800k—$1.5M
DG 3.2. Characterization of Existing PCC or Hot-Mixed Asphalt Pavement to Provide an $3.5M-$4.5M
Adequate Rehabilitation Design
DG 3.3. Improvements to Concrete Overlay Design Procedures $4AM-$4.5M
DG 3.4. Improvements to Concrete Pavement Restoration/ Preservation Procedures $2M—-$3M
DG 3.5. Development of New and Innovative Concrete Pavement Type Designs $1IM-$2M
DG 3.6. Optimizing Procedure for New Design and Future Maintenance and Rehabilitation $1IM-$2M
Capable of Minimizing Total Life-Cycle Costs, Lane Closure Time, and Other Design Goals over
the Range of Design Life
Subtrack DG 4. |mproved M echanistic Design Procedures
DG 4.0. Framework for Improved Mechanistic Design Procedures (Subtrack DG 4) $300k
DG 4.1. Incremental |mprovements to Mechanistic-Empirical Pavement Design Guide $1.5M-$2.5M
Procedures
DG 4.2. New M-E Pavement Design Guide Procedures for Paradigm Shift Capabilities $2M-$4M
Subtrack DG 5. Design Guide | mplementation
DG 5.1. Implementation of the Mechanistic-Based Pavement Design Guide $2M-$3M

Track 2 (DG)
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Problem Statement Estimated Cost

Total $40.5M—-$59.6M

Track Organization: Subtracks and Problem Statements

Track 2 (DG) problem statements are grouped into five subtracks:

e Subtrack DG 1. Design Guide Structural Models

e Subtrack DG 2. Design Guide Inputs, Performance Models, and Reliability

e Subtrack DG 3. Special Design and Rehabilitation Issues

e Subtrack DG 4. Improved Mechanistic Design Procedures

e Subtrack DG 5. Design Guide Implementation

Each subtrack isintroduced by a brief summary of the subtrack’ s focus and atable listing the
titles, estimated costs, products, and benefits of each problem statement in the subtrack. The
problem statements then follow.
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Subtrack DG 1. Design Guide Structural Models

This subtrack identifies and frames the next generation of structural models for conventional
pavements as well as the models needed for new and innovative structures. This subtrack istied
closely to the output from the M-E pavement design guide.

Problem Estimated .
Products Benefits
Statement Cost
DG 1.0 Framework $250k A validated, sequenced, and detailed An effective, coordinated, and productive
for Design Guide research framework for this subtrack. research program.
Structural Models
(Subtrack DG 1)
DG 1.1 Development  $500k-$700k Datathat validates current and future Accurate structural models that improve
of Benchmark structural models for concrete pavements, the performance prediction of concrete
Problems for accurate structural models that improvethe  pavements.
Concrete Pavement performance prediction of concrete
Structural Models pavements.
Validation
DG 1.2 Improvement  $5M-$6M Improved 2D and later 3D FEM that Far better characterization of design
of 2D and/or 3D provides significantly improved features, interlayer relationships, and
Structural Models for computation of stresses and deflectionsfor ~ material properties; FEMs incorporated
Jointed Plain JPCP and CRCP used in reconstruction and  into new versions of the pavement design
Concrete Pavement as overlays, pavement performance guide.
and Continuously prediction models that more accurately
Reinforced Concrete predict pavement distress and life for
Pavement Used for incorporation into anew version of the
Reconstruction and pavement design guide.
Overlays
DG 1.3 Development ~ $800k— A comprehensi ve base/subgrade erosion More reliable and cost-effective base and
of Model for Erosion  $1.2M test and model capable of predicting subbase course support for specific site
Related to Materia vertica aswell as horizontal displacement conditions.
Properties under of fine particles as a function of traffic
Dynamic Wheel loading and climatic conditions, amore
Loading efficiently designed base and subbase
course for specific site conditions.
DG 1.4. $800k— A structural model that considers dynamic A structural model that considers
Improvements to $1.2M loading of concrete pavements. dynamic loading of concrete pavements
Dynamic Modeling of that will morerealistically model traffic
Concrete Pavement loadings and that can be incorporated
Systems for Usein into the pavement design guide’s
Design and Analysis advanced version.
DG 1.5 Structural $1IM—-$2M FEM models that accurately predict The ability to consider new and
Models for Specia structural responses for the slab and innovative concrete pavement structures
New Types of supporting layersin selected structural for more cost-effective conventional or
Concrete Pavements systems. specia design applications.
and Overlays
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Problem Statement DG 1.0. Framework for Design Guide Structural
Models (Subtrack DG 1)

Track:

Subtrack:
Approx. Phasing:
Estimated Cost:

Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)

Subtrack DG 1. Design Guide Structural Models
Year 1-Year 3
$250k

Subtrack DG 1 (Design Guide Structural Models) provides a set of research problem statements that will
culminate in a significantly improved state of the art and practice. Asthe funding becomes available, an
initial effort will be necessary to develop a framework for the research to be accomplished within this

subtrack.

Tasks:

Benefits:

Products:

Implementation:

Track 2 (DG)

1. Examine the problem statements in subtrack DG 1 (Design Guide Structural Models),
modify as appropriate, and divide them into specific, manageabl e contracts.

2. Arrange the contracts in a carefully sequenced plan that reflects alogical progress of
research and available funding.

3. Expand each of the broad research problem statementsincluded in the subtrack into a
detailed research plan with specific objectives, tasks, and funding recommendations.

4. Review and provide direction for the various research contracts underway to ensure
that they fulfill their objectives and allow future contracts to use their results. Guide the

additional work required if a contract fails to achieve its objectives and additional work is
necessary.

An effective, coordinated, and productive research program.
A validated, sequenced, and detailed research framework for this subtrack.

This research will provide the organization and validation essential for the success of
this subtrack. Implementation of this problem statement will set the stage for the rest
of the problem statements in subtrack DG 1 (Design Guide Structural Models).
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Problem Statement DG 1.1. Development of Benchmark Problems for
Concrete Pavement Structural Models Validation

Track: Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)
Subtrack: Subtrack DG 1. Design Guide Structural Models

Approx. Phasing: Year 2-Year 5
Estimated Cost:  $500k—$700k

The M-E pavement design guide uses a mechanistic model to calculate critical stresses and deflections
from traffic and climate factorsin jointed plain concrete pavement and continuously reinforced concrete
pavement. These stresses and deflections are used to predict key distress. The M-E pavement design guide
development contract (NCHRP 37-A) could not fully validate these critical stresses and deflections, and
concern exists that these stresses and deflections may not be computed accurately by the underlying finite
element model.

Research performed at various locations over the years has compared measured and predicted strains and
deflections (e.g., AASHO road test, Mn/Roads). Some of the structural models used include Westergaard,
ILLISLAB, JSLAB, and ISLAB2000. Discrepancies between the cal culated and measured strains and
deflections have always been evident but need additional research attention. Loading speed should be fully
considered.

Tasks: 1. Identify and document avail able benchmark solutions of measured stresses (strains)
and deflections in the slab and other layers to evaluate the current structural models
(including the ISLAB2000 used in the M-E pavement design guide) and determine how
closely they predict measured values.

2. Conduct full-scale experiments and measure structural responses for unavailable but
key design situations. Consider future improved structural models (e.g., 3D finite element
models) in planning and conducting these benchmark solutions.

Benefits: Accurate structural models that improve the performance prediction of concrete
pavements.
Products: Data that validates current and future structural models for concrete pavements; accurate

structural models that improve the performance prediction of concrete pavements.

Implementation: This research will help establish the accuracy of structural response models. Structural
responses are used in design calculations in the design procedure.
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Problem Statement DG 1.2. Improvement of 2D and/or 3D Structural
Models for Jointed Plain Concrete Pavement and Continuously
Reinforced Concrete Pavement Used for Reconstruction and Overlays

Track: Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)
Subtrack: Subtrack DG 1. Design Guide Structural Models

Approx. Phasing: Year 2-Year 8
Estimated Cost:  $5M—-$6M

The M-E pavement design guide uses the |SLAB2000 finite element model (FEM) to structurally model
jointed plain concrete pavements (JPCP) and continuously reinforced concrete pavements (CRCP) that are
built new and used as overlays. The FEM calculates critical stresses and deflections from traffic and
climate factors and then uses them to predict damage and distress. While thisis a good state-of-the-art FEM
for design use, models must be developed that will more accurately calculate stressesin all types of
concrete pavements and rehabilitation situations.

Tasks: 1. Include capability to consider both loading and thermal gradientsin alayered system
with discontinuities (joints and cracks).

2. Model all types of concrete pavements and overlays over all types of existing
pavement conditions (multiple layers and discontinuities).

3. Model the effect of all types of bases/subbases and widths on structural responses at
joints and other locations.

4. Model the effect of horizontal restraint (friction) on joint and crack openings and
structural responses.

5. Model the effect of separation layers on structural responses.
6. Improve modeling of subgrade support for new and rehabilitation designs.

7. Test and validate the FEM s using the benchmark problems developed under this design
track.

Benefits: Far better characterization of design features, interlayer relationships, and material
properties; FEMs incorporated into new versions of the pavement design guide.

Products: Improved 2D and later 3D FEM that provides significantly improved computation of
stresses and deflections for JPCP and CRCP used in reconstruction and as overlays,
pavement performance prediction models that more accurately predict pavement distress
and life for incorporation into a new version of the pavement design guide.

Implementation: The FEM will be incorporated into design procedure as soon as completed. It will also be
used for parameter and sensitivity studies.
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Problem Statement DG 1.3. Development of Model for Erosion Related
to Material Properties under Dynamic Wheel Loading

Track: Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)
Subtrack: Subtrack DG 1. Design Guide Structural Models

Approx. Phasing: Year 3-Year 7
Estimated Cost:  $800k—$1.2M

When excess moisture exists in a pavement with an erodible base or underlying fine-grained subgrade
material, repeated vehicle loadings typically force the mixture of water and fine material (fines) from
beneath the leave slab corner and gject it to the surface through the transverse joint or along the shoulder.
This process, commonly referred to as pumping, eventually resultsin avoid below the leave slab corner. In
addition, some of the fines that are not ejected are deposited under the approach slab corner, causing the
approach dab to rise. Combined, this buildup of material beneath the approach corner and the loss of
support under the leave corner can cause significant joint faulting, especially for jointed plain concrete
pavement (JPCP) without dowels. Significant joint faulting increases the life-cycle cost of the pavement
through early rehabilitation and vehicle operating costs. Voids can aso develop along the edge of a
continuously reinforced concrete pavement (CRCP).

The M-E pavement design guide level one classification of material erodibility is based on the material
type and test results from an appropriate |aboratory test that realistically simulates erosion beneath a PCC
slab. However, suitable tests that would accurately assess erosion under various concrete pavement types
are currently unavailable. Levels two and three rely on strength tests or otherwise inadequate descriptions
of base materials. The mechanistic-empirical models relate erosion potential with PCC corner slab
deflections. This mechanistic parameter, however, only indirectly indicates erosion potential because it
does not reflect horizontal movements of the fine particles in the base/subgrade. Moreover, the available
erodibility classification methods cannot account mechanistically for the erodibility of the base and
subgrade as a function of traffic loading and climatic conditions.

Tasks: 1. Evauate all available erosion tests and their applicability to mechanistic-based
concrete pavement design. Adopt, modify, or develop an erosion test that can consider all
types of base and subbase materials used for concrete pavements. Validate the test using
partial or full-scale testing in the lab and field.

2. Develop an erosion model that considers the mechanics of erosion beneath JPCP,
CRCP, and other types of concrete pavements for use in an incremental mechanistic
concrete pavement design procedure.

3. Provide detailed guidelines and recommendations for using the test to design in the
mechani stic-based design procedure.

Benefits: More reliable and cost-effective base and subbase course support for specific site
conditions.
Products: A comprehensive base/subgrade erosion test and model capable of predicting vertical as

well as horizontal displacement of fine particles as a function of traffic loading and
climatic conditions; a more efficiently designed base and subbase course for specific site
conditions.
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Implementation: This problem statement will generate an important, currently missing part of the concrete
pavement design guide. The model resulting from this research will be able to be
incorporated into the design procedure immediately.
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Problem Statement DG 1.4. Improvements to Dynamic Modeling of
Concrete Pavement Systems for Use in Design and Analysis

Track: Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)
Subtrack: Subtrack DG 1. Design Guide Structural Models

Approx. Phasing: Year 5-Year 9
Estimated Cost:  $800k—$1.2

Traffic loadings are almost always moving when they impact the pavement surface. If these loads are
moving quickly and the pavement is reasonably smooth, these loads cause deflections that are often less
than static. However, as roughness increases, impact loading can develop, which may significantly exceed
static loading. Modeling concrete pavement dynamically would provide for more redlistic loading and
speed effects on structural behavior and improve accuracy in predicting key stresses and deflections.

Tasks: 1. Evauate existing dynamic finite element models (FEMs) and identify those most
applicable to concrete pavement structures.

2. Using the best available FEM developed under this track (track 2), incorporate the
ability to consider dynamic loadings into the model.

3. Test and validate the dynamic FEM using the developed bench mark problems.

Benefits: A structural model that considers dynamic loading of concrete pavements that will more
realistically model traffic loadings and that can be incorporated into the pavement design
guide’s advanced version.

Products: A structural model that considers dynamic loading of concrete pavements.

Implementation: Dynamic |loading impacts pavements every day. |mproved understanding may lead to
better performance prediction. Results obtained will be immediately implemented into
design procedures.
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Problem Statement DG 1.5. Structural Models for Special New Types of
Concrete Pavements and Overlays

Track: Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)
Subtrack: Subtrack DG 1. Design Guide Structural Models

Approx. Phasing: Year 3-Year 9
Estimated Cost:  $1M-$2M

Continually seeking improved and more cost-effective concrete pavement designs isimportant. New and
innovative aternative designs have been constructed and others will be proposed over time. Asan initial
step, it isimportant to have a capable structural model that accurately calculates stress and deformation of
these pavement types. This research will expand or modify the latest finite element modeling (FEM) to
model different types of concrete pavements structurally.

Tasks: 1. Expand or modify FEMsto model the following concrete pavement types and their
layered systems beneath the dabs:

a. Precast jointed concrete pavement
b. Structurally reinforced concrete pavement
c. Concrete overlays

d. Other new and innovative typesidentified

Benefits: The ability to consider new and innovative concrete pavement structures for more cost-
effective conventional or special design applications.

Products: FEM models that accurately predict structural responses for the slab and supporting
layersin selected structural systems.

Implementation: The effects of new and innovative designs cannot be established without structural
models. These structural models will be implemented into design procedures as soon as
the feasibility of special designsis established.
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Subtrack DG 2. Design Guide Inputs, Performance Models, and
Reliability

This subtrack develops specific improvements to environmental models, long-term concrete
properties, the next generation of traffic models, distress models, and easy-to-use reliability

analysistools.
Problem Estimated .
Products Benefits
Statement Cost

DG 2.0 Framework $300k A validated, sequenced, and detailed An effective, coordinated, and

for Design Guide research framework for this subtrack. productive research program.

Inputs, Performance

Models, and

Reliability (Subtrack

DG 2)

DG 2.1 Enhancement  $1M-$2M A more capable and accurate EICM for use  Full and accurate consideration of

and Validation of with concrete pavements to provide climatic factors that provide more cost-

Enhanced Integrated detailed hourly temperature, moisture, effective and reliable concrete pavement

Climatic Models for subdrainage, and other inputs for the designs.

Temperature, incremental design process.

Moisture, and Moduli

DG 2.2 Development ~ $5M-$6M A better understanding of concrete Better quantification of long term

and Enhancement of materials models that will be incorporated concrete properties to consider these

Concrete Materias into current and advanced versions of the factorsin design more accurately. This

Modelsfor Improved pavement design guide, making it far more  research will help determine the impact

Pavement Design reliable and cost effective. of various key construction aspects on
slab behavior and performance and the
concrete fatigue of full scale slabs under
various conditions.

DG 2.3 Enhancement  $600k-$1M Improved traffic characterization for usein  Far better characterization of traffic

and Validation of concrete pavement design. loadings for use in concrete pavement

Traffic Loading design.

Models Unique to

Concrete Pavements

DG 2.4 Improved $1.5M— Greatly improved and more comprehensive  Reduced prediction uncertainty, resulting

Jointed Plain $2.5M distress and smoothness prediction models  in amore cost-effective design for a

Concrete Pavement for JPCP, including JCPC on low-volume given level of reliability for JPCP,

Deterioration Models roadways. improved validation of JPCP design for
low-volume roadways.

DG 2.5 Improved $1.5M— Greatly improved and more comprehensive  Reduced prediction uncertainty, resulting

Continuously $2.5M distress and smoothness prediction models  in amore cost-effective design for a

Reinforced Concrete
Pavement Cracking
and Punchout
Prediction Models

for CRCP.

given level of reliability for CRCP.
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DG 2.6 Improved $IM-$1.5M A greatly improved and more Improved consideration of the foundation
Consideration of comprehensive design procedure that more  and subdrainage that will be
Foundation and fully considers the base layer, subbase implemented into the pavement design
Subdrainage Models layers, subgrade, and subdrainage of guide to produce more reliable and cost-
concrete pavements; guidelinesthat will be  effective designs.
implemented into a future version of the
pavement design guide.
DG2.7 Identify and $3M-$5M Greatly improved and comprehensive Improved procedures that will reduce

Implement New and
Practical Waysto
Incorporate
Reliability into
Concrete Pavement
Design and
Rehabilitation

reliability methodology that considers
individual input, model, and other
variabilities for concrete pavement
mechanistic design.

first costs and improve credibility of the
mechanistic design approach, since
design reliability critically affects
pavement costs and performance.
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Problem Statement DG 2.0. Framework for Design Guide Inputs,
Performance Models, and Reliability (Subtrack DG 2)

Track:

Subtrack:

Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)

Subtrack DG 2. Design Guide I nputs, Performance Models, and Reliability

Approx. Phasing: Year 1-Year 3

Estimated Cost:

$300k

Subtrack DG 2 (Design Guide Inputs, Performance Models, and Reliability) provides a set of research
problem statements that will culminate in asignificantly improved state of the art and practice. Asthe
funding becomes available, an initial effort will be necessary to develop aframework for the research to be
accomplished within this subtrack.

Tasks:

Benefits:

Products:

Implementation:
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1. Examine the problem statements in subtrack DG 2 (Design Guide Inputs, Performance
Models, and Reliability), modify as appropriate, and divide them into specific,
manageable contracts.

2. Arrange the contracts in a carefully sequenced plan that reflects alogical progress of
research and available funding.

3. Expand each of the broad research problem statementsincluded in the subtrack into a
detailed research plan with specific objectives, tasks, and funding recommendations.

4. Review and provide direction for the various research contracts underway to ensure
that they fulfill their objectives and allow future contracts to use their results. Guide the
additional work required if a contract fails to achieve its objectives and additional work is
necessary.

An effective, coordinated, and productive research program.

A validated, sequenced, and detailed research framework for this subtrack.

Thisresearch will provide the organization and validation essential for the success of this
subtrack. Implementation of this problem statement will set the stage for the rest of the
problem statementsin subtrack DG 2 (Design Guide Inputs, Performance Models, and
Reliability).
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Problem Statement DG 2.1. Enhancement and Validation of Enhanced
Integrated Climatic Models for Temperature, Moisture, and Moduli

Track: Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)
Subtrack: Subtrack DG 2. Design Guide I nputs, Performance Models, and Reliability

Approx. Phasing: Year 2-Year 4
Estimated Cost:  $1M-$2M

The enhanced integrated climatic models (EICMs) in the M-E pavement design guide provide a mgjor step
towards considering the many climate factorsin concrete pavement design. The EICM receives the
following hourly data from weather stations: solar radiation, temperature, precipitation, wind speed, and
cloud cover. The software then applies this weather data to the pavement section under consideration to
predict pavement temperature and moisture at various points within each pavement layer and in the
subgrade. These temperatures and moistures serve many purposes, including the following: calculation of
stress and curling using temperature gradients through the dlab, estimation of layer modulus using moisture
contents in unbound materials, estimation of the dynamic modulus of asphalt-bound materials, estimation
of the frost line and modul us below and above the line, computation of the load transfer efficiency using
joint and crack openings, and various other uses. While the EICM is an extremely valuable tool, certain
aspects must be improved to support more advanced climatic modeling of concrete pavements.

Tasks: 1. Further validation of moisture contents in unbound materials.
2. Further validation of temperature gradients and moisture gradients in concrete slabs.
3. Wider capahility of the system to handle subdrainage in 2D or 3D pavement systems.

4. Further validation of various thermal and hydraulic inputs for various materials.

Benefits: Full and accurate consideration of climatic factors that provide more cost-effective and
reliable concrete pavement designs.

Products: A more capable and accurate EICM for use with concrete pavements to provide detailed
hourly temperature, moisture, subdrainage, and other inputs for the incremental design
process.

Implementation: The EICM isthe heart of the design procedure and any improvements will be
implemented immediately.
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Problem Statement DG 2.2. Development and Enhancement of Concrete
Materials Models for Improved Pavement Design

Track:

Subtrack:

Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)

Subtrack DG 2. Design Guide I nputs, Performance Models, and Reliability

Approx. Phasing: Year 2-Year 8

Estimated Cost:

$5M—$6M

Concrete materials properties significantly affect concrete pavement performance. An improvement in the
characterization of slab concrete will more reliably predict pavement performance. This research will
address many key aspects of improving PCC materials and construction.

Tasks:

Benefits:

Products:

I mplementation:
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1. Consider in the design stage that several concrete material properties vary over time,
including strength, modulus, shrinkage, creep, and others. Provide further data on these
properties.

2. Determine the effect of construction factors on concrete materials propertiesin the
dlab. Thiswould minimally include the following: slab curing, slab zero-stress
temperature, built-in curling (thermal gradient through slab asit solidifies), and
differential slab shrinkage.

3. Conduct PCC slab repeated |oad testing. This would include major studiesinto full
scale slab fatigue characteristics that consider curling, warping, support, strength,
modulus, support conditions, and coefficient of thermal expansion. Accelerated loading
facility testing would be appropriate for these studies. Devel op fracture models of
concrete fatigue for both top-down and bottom-up slab cracking.

4. Develop new tests for characterizing concrete strength and modul us that better reflect
field behavior than current tests.

Better quantification of long term concrete properties to consider these factorsin design
more accurately. This research will help determine the impact of various key construction
aspects on slab behavior and performance and the concrete fatigue of full scale slabs
under various conditions.

A better understanding of concrete materials models that will be incorporated into current
and advanced versions of the pavement design guide, making it far more reliable and cost
effective.

The concrete materials models resulting from this research will be immediately
incorporated into improved concrete pavement design procedures.
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Problem Statement DG 2.3. Enhancement and Validation of Traffic
Loading Models Unique to Concrete Pavements

Track: Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)
Subtrack: Subtrack DG 2. Design Guide I nputs, Performance Models, and Reliability

Approx. Phasing: Year 5-Year 7
Estimated Cost:  $600k—$1M

Traffic loading on concrete pavements varies from very low to extremely heavy. A typical concrete
pavement located on a major highway could carry from 50,000 (on a very low volume road) to over
200,000,000 (on an urban freeway) heavy trucks over its 30- to 40-year lifetime. Accurately characterizing
traffic loadingsis critical to good design.

The M-E pavement design guide greatly improved traffic loading characterization by considering the full
axle spectrum for each type of axle (i.e., single, tandem, tridem, and quads). However, there is great need
for improvement.

Tasks: 1. Determine the effect of traffic speed on performance.
2. Determine the critical traffic loadings for fatigue cracking.

3. Determine how to model tandem, tridem and quad axles and improve modeling of their
distribution.

4. Evaluate the type of loading that contributes to top-down slab cracking where axles are
spaced about 3 to 6 m (10 to 20 ft) apart and load the dab at each transverse joint,
causing a hegative cantilever effect with high top-of-dab stresses.

Benefits: Far better characterization of traffic loadings for use in concrete pavement design.

Products: Improved traffic characterization for use in concrete pavement design.

Implementation: The traffic loading models resulting from this research will be immediately incorporated
into concrete pavement design procedures.
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Problem Statement DG 2.4. Improved Jointed Plain Concrete Pavement
Deterioration Models

Track:

Subtrack:

Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)

Subtrack DG 2. Design Guide I nputs, Performance Models, and Reliability

Approx. Phasing: Year 2-Year 5

Estimated Cost:

$1.5M-$2.5M

Used in all levels of streets and highways from very low to very high traffic volumes, jointed plain concrete
pavement (JPCP) is by far the most popular type of concrete built in the world. This popularity isdueto its
relative cost effectiveness and its reliability. The JPCP design has greatly improved through increased
knowledge over the past severa decades.

Tasks:

Benefits:

Products:

I mplementation:
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1. Improve on the top-down and bottom-up transverse cracking models for new and
rehabilitated pavements devel oped under the M-E pavement design guide. Include
models for JPCP designs located on low-volume rural and urban roadways as well as on
higher volume roadways.

2. Predict crack deterioration. When JPCP cracks, some of these cracks do not deteriorate
while others do significantly. These deteriorating cracks require maintenance and cause
roughness. A study will investigate the causes of crack deterioration and develop models
to be used in design that predict crack deterioration. The effects of preventative

mai ntenance on crack deterioration rate will also be studied.

3. Study longitudinal cracking (fatigue related). Some longitudinal cracking in JPCP
could not be explained by traditional fatigue cracking calculations. A major study will
determine the circumstances under which fatigue-based longitudinal cracking could
occur. The effect of widened slabs will also be investigated.

4. Improve joint faulting and spalling models for new construction and overlays. The
existing models will be considered and improved upon to model faulting for all design
types and model rehabilitation situations needed for design. An improved joint
opening/closing model may also be needed. The models should include JPCP designs
located on low-volume rural and urban roadways as well as on higher volume roadways.

5. Develop improved smoothness (international roughness index) models for JPCP.

Reduced prediction uncertainty, resulting in a more cost-effective design for a given level
of reliability for JPCP; improved validation of JPCP design for low-volume roadways.

Greatly improved and more comprehensive distress and smoothness prediction models
for JPCP, including JCPC on low-volume roadways.

The JCPC deterioration models resulting from this research will be immediately
incorporated into improved concrete pavement design procedures.
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Problem Statement DG 2.5. Improved Continuously Reinforced
Concrete Pavement Cracking and Punchout Prediction Models

Track:

Subtrack:

Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)

Subtrack DG 2. Design Guide I nputs, Performance Models, and Reliability

Approx. Phasing: Year 2-Year 5

Estimated Cost:

$1.5M-$2.5

Continuously reinforced concrete pavement (CRCP) is used by several States and other countries,
especialy for heavily trafficked highways. In LTPP testing, it has proven to be the smoothest of all
pavement types for over 30 years due to its ability to handle very high traffic loadings over along period.
The design of CRCP has greatly improved through increased knowledge over the past several decades.

Tasks:

Benefits:

Products:

I mplementation:

Track 2 (DG)

1. Improve on the crack spacing, crack width, and crack |oad deterioration models
developed under the M-E pavement design guide. An improved crack opening/closing
model may be needed.

2. Improve on the prediction of edge-top-down structural punchouts developed under M-
E pavement design guide.

3. Investigate the occurrence of punchouts from the bottom-up, especially for widened
slab CRCP designs.

4. Develop an improved smoothness (international roughness index) prediction model for
CRCP.

Reduced prediction uncertainty, resulting in a more cost-effective design for a given level
of reliability for CRCP.

Greatly improved and more comprehensive distress and smoothness prediction models
for CRCP.

The CRCP cracking and punchout prediction models resulting from this research will be
immediately incorporated into improved concrete pavement design procedures.
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Problem Statement DG 2.6. Improved Consideration of Foundation and
Subdrainage Models

Track: Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)
Subtrack: Subtrack DG 2. Design Guide I nputs, Performance Models, and Reliability

Approx. Phasing: Year 2-Year 5
Estimated Cost:  $1M-$1.5M

The base course, subbase courses, and the subgrade are very important to the performance of any type of
concrete pavement. Imbedded in the foundation is pavement structure subdrainage, as well as a significant
portion of the entire concrete pavement cost. The sublayers affect both the structural aspects (deflection,
stress) in the dlab as well as critical load transfer across joints and cracks (e.g., the base layer affectsthe
load transfer efficiency of the joint or crack). In addition, the friction between the slab and base is
extremely important for initiating cracks at the joints and, in continuously reinforced concrete pavement
(CRCP), the transverse shrinkage cracks. Many examples have shown that sublayer and subdrainage
failures have led to concrete slab failure. Improvements are thus still needed to produce more reliable and
cost-effective sublayer designs for concrete pavement.

Tasks: 1. Identify key practical aspects of sublayers, such as materials and construction, that
relate to concrete pavement subdrainage, performance, and cost. Determine how various
subgrade situations (from soft, wet soils to near-surface bedrock) affects performance and
develop improved guidelines for preparing concrete pavement foundations and sublayers.

2. Develop improved inputs for use in designing the parameters that characterize concrete
pavement sublayers. These would include time-dependent moduli (seasonal changes),
hydraulic permeability, and other parameters.

3. Develop improved inputs for slab/base friction characteristics of various base layer
types.

4. Determine the impact of jointed plain concrete pavement and CRCP on sublayers and
subgrade performance using the mechanistic-based design procedure. Develop guidelines
on selection of base types, subbase types, subdrainage, and subgrade treatments to
produce cost-effective yet good performance of concrete pavements.

5. Consider the likelihood and impact of distress propagation and interaction due to
cracksin the base course.

6. Evaluate subdrainage needs for all concrete pavement levels and develop improved
impact projections of subdrainage or lack of subdrainage on performance. Develop new
and more cost-effective and reliable ways to drain concrete pavements.

Benefits: Improved consideration of the foundation and subdrainage that will be implemented into
the pavement design guide to produce more reliable and cost-effective designs.

Products: A greatly improved and more comprehensive design procedure that more fully considers
the base layer, subbase layers, subgrade, and subdrainage of concrete pavements;
guidelines that will be implemented into a future version of the pavement design guide.
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Implementation: The foundation and subdrainage models resulting from this research will be immediately
incorporated into improved concrete pavement design procedures. See also DG 1.3

(Development of Model for Erosion Related to Material Properties under Dynamic
Wheel Loading) on erosion.
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Problem Statement DG 2.7. Identify and Implement New and Practical
Ways to Incorporate Reliability into Concrete Pavement Design and
Rehabilitation

Track: Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)
Subtrack: Subtrack DG 2. Design Guide I nputs, Performance Models, and Reliability

Approx. Phasing: Year 2-Year 8
Estimated Cost:  $3M—-$5M

Reliability isacritical area of design for which very little knowledge exists. Nearly everything associated
with pavements (as well as most other structures) is variable or uncertain. This includes factors such as
traffic loading estimates, climate prediction estimates, subgrade soils along a project, paving materials
variations, construction process variations, design procedure inadequacies, and many others. Designers
must consider these uncertainties and variations to produce a design with a chance of success greater than
50-50.

The Texas DOT first incorporated design reliability into pavement design in the early 1970s, and these
procedures were then used successfully for over two decades. The 1986 AASHTO pavement design guide
made use of similar but expanded concepts to incorporate design reliability into the asphalt and PCC
pavement design procedures. The new mechanistic-based M-E pavement design guide incorporated design
reliability into the pavement design process differently, using the residual error in the prediction of sections
used for calibration.

All of these approaches have significant limitations and inadequacies. Design reliability clearly has a major
impact on both performance and pavement structure costs. Some feel that the current AASHTO procedures
“overdesign” for higher levels of traffic because of the large effect of the multiplier on traffic (e.g., design
traffic is three to six times the mean estimated traffic). Extensive research has been conducted on the design
reliability of other structures, such as buildings, retaining walls, foundations, and hydraulic structures.
However, very little research has been done on pavement design reliability. Any improvement to the
procedure would therefore impact cost and PCC pavements performance significantly.

Tasks: 1. Review the ways that design reliability has been incorporated into various structural
design procedures. Identify the most promising approaches and concepts for usein
concrete pavement mechanistic design.

2. Develop apractical procedure for incorporating design reliability into the M-E
pavement design guide’s mechanistic-based design procedure. This methodology will
enable designers to input the means, standard deviations, and distributions of many of the
key input variables.

3. Provide estimates of the magnitudes of variability and uncertainty and their
distributions that will be used in the reliability-based design procedure. These estimates
will be based on collected data.

Benefits: Improved procedures that will reduce first costs and improve credibility of the
mechanistic design approach, since design reliability critically affects pavement costs and
performance.
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Products: Greatly improved and comprehensive reliability methodology that considers individual
input, model, and other variabilities for concrete pavement mechanistic design.

Implementation: The results of this research will be immediately incorporated into improved concrete
pavement design and rehabilitation procedures for greater reliability.
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Subtrack DG 3. Special Design and Rehabilitation Issues

This subtrack addresses the design details from tied shoulders, tiebars, and pavement
preservation, and considers better ways to analyze alternative design features using more
streamlined computer software.

Problem Estimated .
Products Benefits
Statement Cost
DG 3.0 Framework for $150k A validated, sequenced, and An effective, coordinated, and
Spedd Des' gn and detailed research framework for productive research program.
Rehabilitation |ssues this subtrack.
(Subtrack DG 3)
DG 3.1 Concrete $800k—$1.5M Specific design methodology, Fewer unexpected incidents of
Pavement Design guidelines, and standards for tieing longitudinal cracking that result from
Aspects Related to together multiple traffic lanes and tieing too many lanes together or
Multiple/Additional shoulders. widening longitudina joints that had
Lanes been left untied.
DG 3.2 Characterization ~ $3.5M-$4.5M Improved characterization of Proper characterization of the existing
of Existing PCC or Hot- existing pavements; improved pavement critical to reliable and cost-
Mixed Asphalt Pavement estimates of remaining life that will effective rehabilitation design;
to Provide an Adequate be useful for selecting from rehabilitation design improvements to
Rehabilitation Design alternative rehabilitations; the pavement design guide.
identification of solutions for
overcoming existing poor design
and material situations; improved
support for unbonded concrete
overlay design.
DG 3.3 Improvementsto ~ $4M-$4.5M Improved guidelines and design Concrete overlays of difficult existing
Concrete Overlay Design procedures for severa types of pavements; ultra-thin slab design,
Procedures concrete overlays, including including improved concrete-to-asphalt
concrete overlays of difficult bonding procedures; improved
existing pavements, ultra-thin slab layering modeling for unbonded
design that includes improved concrete overlays; characterization of
concrete-to-asphalt bonding underlying PCC slab design and
procedures, improved layering condition for unbonded overlays;
modeling for unbonded concrete improved bonding between thin PCC
overlays, characterization of overlay and existing PCC slabs.
underlying PCC dlab design and
condition for unbonded overlays,
and improved bonding between thin
PCC overlay and existing PCC
dabs.
DG 3.4 Improvementsto ~ $2M—-$3M Improved guidelines and design Improved guidelines and design

Concrete Pavement
Restoration/ Preservation
Procedures

procedures for severa types of
concrete overlays that improve their
reliability, viability, and cost
effectiveness.

procedures for the severa activities
involved with restoring and preserving
existing concrete pavements, resulting
in improved decision making for
potential CPR projectsin terms of
selecting needed treatments (such as
dowel bar retrofit), predicting
remaining life, and further validating
CPR asareliable dternative.
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Problem

Estimated

Products Benefits
Statement Cost

DG 3.5 Development of $1IM-$2M New and innovative types of Improved options for the design to
New and Innovative concrete pavement and aworking consider; cost-effective and reliable
Concrete Pavement Type design procedure for use; concrete pavement designs.
Designs demonstrations of new concrete

pavement types performed under

track 6 (Innovative Concrete

Pavement Joint Design, Materials,

and Construction) and track 8

(Long-Life Concrete Pavement).
DG 3.6 Optimizing $1IM-$2M A comprehensive system that, fora ~ New and innovative design options

Procedure for New
Design and Future
Maintenance and
Rehabilitation Capable of
Minimizing Total Life-
Cycle Costs, Lane
Closure Time, and Other
Design Goals over the
Range of Design Life

given design project, anayzesa
number of dternativeinitial designs,
future preservation treatments, and
rehabilitation options, and
determines the optimum
combination to minimize life-cycle
costs, initial construction cost, the
cost of shoulders and widened slabs,
or lane closure time, and to address
other needs of the designer. Such a
system could handle varying design
lives from 8 to more than 60 years.

that will improve options for the
design to consider and provide more
cost-effective and reliable concrete
pavement designs.

Track 2 (DG)
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Problem Statement DG 3.0. Framework for Special Design and
Rehabilitation Issues (Subtrack DG 3)

Track:

Subtrack:

Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)

Subtrack DG 3. Specia Design and Rehabilitation Issues

Approx. Phasing: Year 1-Year 3

Estimated Cost:

$150k

Subtrack DG 3 (Specia Design and Rehabilitation Issues) provides a set of research problem statements
that will culminate in asignificantly improved state of the art and practice. As the funding becomes
available, aninitial effort will be necessary to develop aframework for the research to be accomplished
within this subtrack.

Tasks:

Benefits:

Products:

Implementation:
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1. Examine the problem statements in subtrack DG 3 (Special Design and Rehabilitation
Issues), modify as appropriate, and divide them into specific, manageable contracts.

2. Arrange the contracts in a carefully sequenced plan that reflects alogical progress of
research and available funding.

3. Expand each of the broad research problem statementsincluded in the subtrack into a
detailed research plan with specific objectives, tasks, and funding recommendations.

4. Review and provide direction for the various research contracts underway to ensure
that they fulfill their objectives and allow future contracts to use their results. Guide the

additional work required if a contract fails to achieve its objectives and additional work is
necessary.

An effective, coordinated, and productive research program.

A validated, sequenced, and detailed research framework for this subtrack.

Thisresearch will provide the organization and validation essential for the success of this
subtrack. Implementation of this problem statement will set the stage for the rest of the
problem statements in subtrack DG 3 (Special Design and Rehabilitation I ssues).
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Problem Statement DG 3.1. Concrete Pavement Design Aspects
Related to Multiple/Additional Lanes

Track: Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)
Subtrack: Subtrack DG 3. Specia Design and Rehabilitation Issues

Approx. Phasing: Year 2-Year 4
Estimated Cost:  $800k—$1.5M

Many design situations exist where multiple traffic lanes and concrete shoulders are adjacent. For example,
adesign situation with three lanes in one direction and two tied shoulders on each side would result in a
concrete pavement over 15 m (50 ft) wide. Also, several critical design decisions must be made regarding
the longitudinal joints. The common practiceis to tie the shoulders and lanes together with deformed tie
bars, but are they always needed? And if needed, what are their proper bar diameters, spacings, and
embedment lengths?

Too many tied joints could possibly contribute to longitudinal random cracking. But how many istoo many
for a given design situation? How many lanes/shoulders can be tied together? What should be done if the
base course is an unbound aggregate? What should be done if the base course is permeable asphalt? What
should be done if the pavement is constructed during wide swingsin ambient temperature?

Research knowledge of these issues has been deficient and greatly needed for many years. This research
will consider these questions to develop a design procedure for multiple traffic lanes and adjacent concrete
shoulders.

Tasks: 1. Develop an analytical model that accurately cal culates the stresses and deformations
that exist in concrete pavement slabs when tied together in multiple lanes and shoulders.

2. Develop atiebar design procedure for multiple lanes and shoulders on a variety of base
COUrSEs.

3. Address key design issues and provide guidelines for lane additions, widening of
narrow lanes, and shoulder replacement.

4. Evaluate the need for longitudinal joint load transfer efficiency for various design
situations.

Benefits: Fewer unexpected incidents of longitudinal cracking that result from tieing too many
lanes together or widening longitudinal joints that had been left untied.

Products: Specific design methodology, guidelines, and standards for tieing together multiple traffic
lanes and shoulders.

Implementation: The design methodology, guidelines, and standards resulting from this research will be
immediately incorporated into improved concrete pavement design procedures.
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Problem Statement DG 3.2. Characterization of Existing PCC or Hot-
Mixed Asphalt Pavement to Provide an Adequate Rehabilitation Design

Track: Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)
Subtrack: Subtrack DG 3. Specia Design and Rehabilitation Issues

Approx. Phasing: Year 2-Year 5
Estimated Cost:  $3.5M—-$4.5M

A huge infrastructure of existing highway pavements exists in the United States. Every day, designers
grapple with ways to develop an adequate design that will reliably carry traffic over the next design period.
To accomplish thistask, researchers must adequately characterize or evaluate the existing pavement and
overcome its inherent deficiencies with a sufficient rehabilitation design. Several end products related to
the characterization of existing PCC or hot-mixed asphalt (HMA) pavement will result from these research
tasks. Improved characterization of existing pavements will be the most significant and valuable
accomplishment. Improved estimates of remaining pavement life will be useful for selecting alternative
rehabilitations. Identifying and providing solutions to overcome several existing poor design and material
situations will be extremely valuable. Finally, improving key unbonded concrete overlay design procedures
will lead to greater reliability and cost effectiveness.

Tasks: 1. Develop improved procedures for characterizing an existing PCC or HMAC pavement
to provide an adequate rehabilitation design.

2. Develop a procedure for rapidly determining the remaining life of an existing PCC
pavement. The procedure should allow a designer to make remaining pavement life
determinations by integrating data on current design features; accumulated and future
environmental and loading data; data on existing conditions obtained through visual
surveys, field and laboratory testing; in-place sensors; and advanced pavement
performance modeling techniques. This will help decide among the best alternative
rehabilitation designs.

3. ldentify the key rehabilitation design issues related to overcoming a poor existing
design and materials for rehabilitation.

4. Develop improved procedures and technology for unbonded concrete overlays:

e Determine the effect of the existing PCC slab on unbonded overlay
performance.

o |dentify the interface conditions, for various surface preparations and
treatments, necessary for achieving optimal performance based on field
studies of in-place pavements.

e Develop guidelines for selecting the separation layer that will be used
to design unbonded overlays, considering the existing pavement
condition, type and design of the overlay, climate, and traffic loadings.
Evaluate the effects of interface degradation or improvements over
time.

Benefits: Proper characterization of the existing pavement critical to reliable and cost-effective
rehabilitation design; rehabilitation design improvements to the pavement design guide.
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Products: Improved characterization of existing pavements; improved estimates of remaining life
that will be useful for selecting from alternative rehabilitations; identification of solutions
for overcoming existing poor design and material situations; improved support for
unbonded concrete overlay design.

Implementation: Good rehabilitation requires good evaluation. The results of this research will be
immediately implemented into improved concrete overlay rehabilitation design

procedure.
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Problem Statement DG 3.3. Improvements to Concrete Overlay Design

Procedures

Track:

Subtrack:

Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)

Subtrack DG 3. Specia Design and Rehabilitation Issues

Approx. Phasing: Year 3-Year 8

Estimated Cost:

$AM-$4.5M

Reliably designing all types of concrete overlaysis essential to highway agencies. However, existing
procedures lack a number of capabilities. This research will address a variety of those needs for both
bonded and separated concrete overlay designs and for both existing PCC and hot-mixed asphalt (HMA)

pavements.

Tasks:

Benefits:

Products:

I mplementation:
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1. Develop guidelines and procedures to designing concrete overlays and widening
narrow existing slabs.

2. Develop reliable design procedures for ultra-thin slabs placed on existing PCC or
HMA layers. For this, improved evaluation techniques of the existing pavement and
improved bonding and design procedures are needed.

3. Develop improved layering and jointing models to consider unbonded concrete
overlays and the underlying layers.

4. Develop technology to estimate the required design inputs for considering the design
and condition of the existing PCC pavement.

5. Develop improved bonding techniques for bonding PCC layers over existing PCC
dabs.

Concrete overlays of difficult existing pavements; ultra-thin slab design, including
improved concrete-to-asphalt bonding procedures; improved layering modeling for
unbonded concrete overlays,; characterization of underlying PCC dlab design and
condition for unbonded overlays; improved bonding between thin PCC overlay and
existing PCC slabs.

Improved guidelines and design procedures for several types of concrete overlays,
including concrete overlays of difficult existing pavements, ultra-thin slab design that
includes improved concrete-to-asphalt bonding procedures, improved layering modeling
for unbonded concrete overlays, characterization of underlying PCC dab design and
condition for unbonded overlays, and improved bonding between thin PCC overlay and
existing PCC slabs.

Concrete overlays must be designed more cost effectively to compete with alternatives.
The results of this research will be immediately implemented into concrete pavement
design procedures.
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Problem Statement DG 3.4. Improvements to Concrete Pavement
Restoration/Preservation Procedures

Track: Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)
Subtrack: Subtrack DG 3. Specia Design and Rehabilitation Issues

Approx. Phasing: Year 3-Year 7
Estimated Cost:  $2M-$3M

Many State highway agencies are currently applying preservation techniques to all types of pavements,
including concrete. Asthe Nation’ s interstate highways age, more effective concrete pavement restoration
(CPR) and preservation techniques have become daily activities for many State highway agencies,
techniques such as joint repair, dowel retrofitting, shoulder replacement that includes retrofitting with tied
PCC, dab replacement, full-depth patching with PCC, grouting and fill of voids, and diamond grinding.

Though several guidelines explain these tasks, very few mechanistic-based procedures eval uate the
effectiveness of such repairsin preventing or delaying the occurrence and progression of future distress.
One design procedure that uses mechanistic-based procedures to evaluate and determine the feasibility of
CPRisfound in the M-E pavement design guide.

Tasks: 1. Evaluate the M-E pavement design guide mechanistic-based procedures for assessing
the effectiveness of jointed plain concrete pavement (JPCP) subjected to CPR.

2. Enhance the M-E pavement design guide JPCP procedures and develop new
procedures for evaluating CPR performed on other concrete pavement types, such as
continuously reinforced concrete pavement and JRCP. The procedure should minimally
consider existing pavement design features, climatic conditions, traffic loading, existing
distress conditions that include materials durability, future loadings data, and advanced
mechanistic-empirical modeling to determine future CPR pavement performance based
on key performance indicators.

3. Develop improved guidelines and procedures for designing CPR/preservation projects.
These should include improved procedures that assess the window of opportunity for
applying preservation techniques to existing concrete pavements.

4. Develop improved procedures for estimating the remaining life (both structural and
functional) of existing concrete pavements so that improved restoration or concrete
overlay decisions can be made.

5. Develop enhanced pavement management data to support cost-effective pavement
preservation.

Benefits: Improved guidelines and design procedures for the several activitiesinvolved with
restoring and preserving existing concrete pavements, resulting in improved decision
making for potential CPR projectsin terms of selecting needed treatments (such as dowel
bar retrofit), predicting remaining life, and further validating CPR as areliable
alternative.

Products: Improved guidelines and design procedures for several types of concrete overlays that
improve their reliability, viability, and cost effectiveness.
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Implementation: This research will result in practical technological improvements to CPR that will be
immediately implemented into design procedures.
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Problem Statement DG 3.5. Development of New and Innovative
Concrete Pavement Type Designs

Track:

Subtrack:

Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)

Subtrack DG 3. Specia Design and Rehabilitation Issues

Approx. Phasing: Year 5-Year 9
Estimated Cost:  $1M-$2M

Jointed plain concrete pavement (JPCP) is the world's most widely constructed pavement. Many States and
other countries have also constructed continuously reinforced concrete pavement (CRCP), which seemsto
be gaining in popularity. JRCPs have been built extensively in the United States, but serious problems with
joints and intermediate panel cracking have effectively halted their construction in any State or foreign
country today. Both of these pavement types have their problems, so exploring more innovative, cost-
effective, and reliable design alternatives has become important.

Tasks:

Track 2 (DG)

1. Conduct a study to explore many new and innovative options for concrete pavement
designs. This study will involve both performing a literature search and contacting as
many agencies as possible around the world to investigate the latest innovative designs.
Evaluate these candidates for feasibility and recommend the most promising. Consider
the following as a minimum:

a. Thin dab replacement for existing pavements. Many existing PCC or HMA
pavements have thicknesses of 20to 25 cm (8to 10in.) A cost-effective
solution isto remove this layer and replace it with arelatively thin concrete slab
design especially suited for heavy traffic. Design procedures to accomplish this
reliably and cost effectively are needed.

b. Design innovations for JPCP and CRCP. Design innovations should optimize
the structural and material design of these pavements (e.g., trapezoidal cross
sections).

c. Precast jointed concrete pavement design. These are being constructed at
several projects and amajor research and development effort is underway to
improve their design and construction. Placement speed is their main advantage,
with no further curing time required.

d. Concrete overlays, reinforcement, and special surfacing designs. This
includes two or more layers of paving materials (concrete, reinforcement,
special materials) bonded together. Typical examples include two-layer
construction (wet on wet) using layers with different properties, CRCP with
special two-layer reinforcement, and special epoxy resin concrete surfacing
materials.

e. Structurally reinforced concrete pavement design, including CRCP. A few of
these pavements have been constructed in places such as Brazil and Columbia.
One design built in Brazil usestwo layers of steel in aslab placed on a prepared
base course. Another design built in Columbiais essentially areinforced
concrete bridge deck with longitudinal, reinforced concrete beams placed in
trenches (the dab is not on grade). The Netherlands has developed a similar
system.
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Benefits:

Products:

Implementation:
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f. Prestressed, posttensioned concrete pavements. Several of these have been
built in the United States and abroad over the past 30 years. However, the
expansion joints have often failed and required maintenance.

2. Develop design procedures for the most promising type of concrete pavements using
the exi sting mechani stic-based procedure as much as possible.

Improved options for the design to consider; cost-effective and reliable concrete
pavement designs.

New and innovative types of concrete pavement and a working design procedure for use;
demonstrations of new concrete pavement types performed under track 6 (Innovative
Concrete Pavement Joint Design, Materials, and Construction) and track 8 (Long-Life
Concrete Pavements).

The new and innovative concrete pavement types will be demonstrated and eval uated
under track 6 (Innovative Concrete Pavement Joint Design, Materials, and Construction)
and track 8 (Long-Life Concrete Pavements) and incorporated into a future version of the
pavement design guide.
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Problem Statement DG 3.6. Optimizing Procedure for New Design and
Future Maintenance and Rehabilitation Capable of Minimizing Total
Life-Cycle Costs, Lane Closure Time, and Other Design Goals over the
Range of Design Life

Track: Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)
Subtrack: Subtrack DG 3. Specia Design and Rehabilitation Issues

Approx. Phasing: Year 4-Year 10
Estimated Cost:  $1M-$2M

The M-E pavement design guide evaluates atrial design provided by the designer. The proposed design
must make several trial runs before an acceptable design is established, and thisisonly for the first
performance period. The design procedure does not consider future rehabilitations, nor does it provide
optimization procedures to minimize life-cycle costs or even first costs. An optimization procedure to be
incorporated into the current and future versions of the pavement design guide is needed.

Tasks: 1. Develop design procedure concepts that consider multiple initial trial designs and
multiple optional rehabilitation alternatives and then select designs from among the initial
ones that optimize (i.e., minimize or maximize) a desired factor. This factor could be life
cycle costs, initial construction costs, future rehabilitation costs, user delay costs, and so
on. Design procedure concepts should be developed for shoulders, tied shoulders, and
alternative shoulder materials.

2. Develop software to accomplish the optimization described above in the first task.

3. Validate the software using several actual projects provided by State highway
agencies.

Benefits: New and innovative design options that will improve options for the design to consider
and provide more cost-effective and reliable concrete pavement designs.

Products: A comprehensive system that, for a given design project, analyzes a number of
alternativeinitial designs, future preservation treatments, and rehabilitation options, and
determines the optimum combination to minimize life-cycle costs, initial construction
cost, the cost of shoulders and widened slabs, or lane closure time, and to address other
needs of the designer. Such a system could handle varying design lives from 8 to more
than 60 years.

Implementation: Current mechanistic-based proceduresin the M-E pavement design guide do not
optimize. This capability is needed and will be implemented into design procedures
immediately.
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Subtrack DG 4. Improved Mechanistic Design Procedures

This subtrack develops the new generation design procedure and a comprehensive database of
performance data needed for calibration and validation.

Problem Estimated .
Products Benefits
Statement Cost
DG 4.0 Framework $300k A validated, sequenced, and detailed An effective, coordinated, and
for Impr_ov_ed ) research framework for this subtrack. productive research program.
Mechanistic Design
Procedures (Subtrack
DG 4)
DG 4.1 Incremental $1.5M— A greatly improved implementable design A significantly improved pavement
Improvements to $2.5M procedure for new and rehabilitated JPCP design guide that better considers many
M echanistic- and CRCP designs. of its aspects and severa new aspects of
Empirical Pavement pavement design; more reliable and cost-
Design Guide effective new and rehabilitated designs.
Procedures
DG 4.2 New M-E $2M-$4M New generation pavement design An advanced paradigm shift in integrated

Pavement Design
Guide Procedures for

procedures that consider many
improvements and new pavement design

concrete pavement design procedures for
new and rehabilitated JPCP, CRCP, and

Paradigm Shift aspects; more reliable and cost-effective other selected designs.
Capabilities new and rehabilitated designs.
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Problem Statement DG 4.0. Framework for Improved Mechanistic
Design Procedures (Subtrack DG 4)

Track:

Subtrack:

Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)

Subtrack DG 4. Improved Mechanistic Design Procedures

Approx. Phasing: Year 1-Year 3

Estimated Cost:

$300k

Subtrack DG 4 (Improved Mechanistic Design Procedures) provides a set of research problem statements
that will culminate in asignificantly improved state of the art and practice. As the funding becomes
available, aninitial effort will be necessary to develop aframework for the research to be accomplished
within this subtrack.

Tasks:

Benefits:

Products:

Implementation:

Track 2 (DG)

1. Examine the problem statements in subtrack DG 4 (Improved Mechanistic Design
Procedures), modify as appropriate, and divide them into specific, manageable contracts.

2. Arrange the contracts in a carefully sequenced plan that reflects alogical progress of
research and available funding.

3. Expand each of the broad research problem statementsincluded in the subtrack into a
detailed research plan with specific objectives, tasks, and funding recommendations.

4. Review and provide direction for the various research contracts underway to ensure
that they fulfill their objectives and allow future contracts to use their results. Guide the

additional work required if a contract fails to achieve its objectives and additional work is
necessary.

An effective, coordinated, and productive research program.

A validated, sequenced, and detailed research framework for this subtrack.

This research will provide the organization and validation essential for the success of this
subtrack. Implementation of this problem statement will set the stage for the rest of the
problem statements in subtrack DG 4 (Improved Mechanistic Design Procedures).
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Problem Statement DG 4.1. Incremental Improvements to Mechanistic-
Empirical Pavement Design Guide Procedures

Track: Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)
Subtrack: Subtrack DG 4. Improved Mechanistic Design Procedures

Approx. Phasing: Year 3-Year 10
Estimated Cost:  $1.5M—-$2.5M

Theinitial M-E pavement design guide, delivered to the NCHRP in 2004 after six years of devel opment,
represents a paradigm shift in design capabilities. Nevertheless, many aspects still require incremental
improvements before the guide meets the concrete pavement design goal that aims for new and
rehabilitated designs to be reliable, economical, constructible, and maintainable throughout their design life
and to meet or exceed the multiple needs (in highways, urban streets, low volume roads, and special
applications, such as tunnels and ports) of the traveling public, taxpayers, and the owning highway
agencies. Achieving this goal will require incorporating the results from each of the research studies into
the pavement design guide to improve its ability to meet the above goal .

Tasks: 1. Improve the finite element model neural netsto consider more design and material
features (e.g., thinner slabs and better layering capabilities, especially for concrete
overlay design).

2. Develop better traffic characterization procedures, including loadings for top-down
cracking, truck speed, etc.

3. Predict temperature and moisture more accurately.
4. Incorporate greatly improved base erosion models.

5. Improve jointed plain concrete pavement (JPCP) and continuously reinforced concrete
pavement (CRCP) distress prediction models.

6. Improve JPCP and CRCP international roughness index prediction models.
7. Improve sublayer design of base, subbase, subgrade, and particularly subdrainage.
8. Incorporate improved adesign reliability approach.

9. Improve the characterization of existing PCC and HMA pavements for use in PCC
rehabilitated design.

10. Improve concrete pavement restoration procedures.
11. Improve concrete overlay design procedures.

12. Implement design guidelines and procedures related to multiple lanes, including
tiebar design, the number of lanes/shouldersto tie together, etc.

13. Comprehensively calibrate the models using data collected from the accelerated

loading facilities and long-term test sections developed under track 9 (Concrete Pavement
Accelerated and Long-Term Data Collection).
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14. Validate studies with several State highway agencies.

Benefits: A significantly improved pavement design guide that better considers many of its aspects
and several new aspects of pavement design; more reliable and cost-effective new and
rehabilitated designs.

Products: A greatly improved implementable design procedure for new and rehabilitated JPCP and
CRCP designs.

Implementation: This new pavement design guide will be used by many States and local governments and
can be improved incrementally.
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Problem Statement DG 4.2. New M-E Pavement Design Guide
Procedures for Paradigm Shift Capabilities

Track: Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)
Subtrack: Subtrack DG 4. Improved Mechanistic Design Procedures

Approx. Phasing: Year 3-Year 10
Estimated Cost:  $2M-$4M

This research will develop an advanced version of the pavement design guide that includes major steps
forward from the incrementally developed proceduresin problem statement DG 4.1 (Incremental
Improvements to Mechanistic-Empirical Pavement Design Guide Procedures). The new, more fully
mechani stic-based procedures will require several years to develop (extending to the end of the 10-year
period) and consist of the following major integrated components and capabilities that completely satisfy
the design goal: new and rehabilitated designs for concrete pavement will be more reliable, economical,
constructible, and maintainable throughout their design life and meet or exceed the multiple needs (in
highways, urban streets, low volume roads, and special applications, such as tunnels and ports) of the
traveling public, taxpayers, and the owning highway agencies. Achieving this goa will require
incorporating the results from each of the research studies into the pavement design guide. The result will
be a paradigm shift in 3D finite element modeling (FEM), reliability control, incremental improvements,
and advanced capabilitiesin layering, joints, reinforcement, and long-life design.

Tasks: 1. Incorporate 3D structural FEMs into the design procedure. Consider implementing the
dynamic FEM structural model into the design procedure.

2. Incorporate a more accurate integrated climatic model for temperature and moisture.

3. Develop new concrete materials characterization tests, including fatigue damage,
strength, modulus, and many other inputs.

4. Incorporate more accurate long-term changes in material properties (e.g., PCC
strength, modul us, shrinkage, and creep).

5. Predict key distresstypesin jointed plain concrete pavement (JPCP), continuously
reinforced concrete pavement (CRCP), and other selected pavement types using a more
intense incremental damage accumulation measurement (e.g., hourly over the entire
design period).

6. Improve smoothness prediction models for JPCP and CRCP.

7. Model other functional surface characteristics, such as noise, friction, spray, etc., as
available. Thistask will link to track 4 (Optimized Surface Characteristics for Safe,
Quiet, and Smooth Concrete Pavements).

8. Include optimization capability to give the designer the tools to minimize life-cycle
costs or maximize smoothness over the design life.

9. Improve sublayer design of the base, subbase, subgrade, and particularly subdrainage.

10. Incorporate an improved design reliability approach.
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11. Comprehensively calibrate the models using data collected from the accelerated
loading facilities and long-term test sections developed under track 9 (Concrete Pavement
Accelerated and Long-Term Data Collection).

12. Validate studies with many State highway agencies.

Benefits: An advanced paradigm shift in integrated concrete pavement design procedures for new
and rehabilitated JPCP, CRCP, and other selected designs.

Products: New generation pavement design procedures that consider many improvements and new
pavement design aspects, more reliable and cost-effective new and rehabilitated designs.

Implementation: This research will result in a paradigm shift in pavement design that will produce
technology needed to deal with critical problems years from now.
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Subtrack DG 5. Design Guide Implementation

This subtrack addresses implementation of the new pavement design guide.

Problem Estimated .
Products Benefits
Statement Cost
DG5.1 $2M—$3M Strong technology transfer to the work A work force with the basic knowledge
Implementation of the force concerning the design of new and and understanding to design concrete
M echanistic-Based rehabilitated concrete pavements through pavements and rehabilitation projects
Pavement Design workshops, conferences, and web-based using the design procedure properly.
Guide personnel training.
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Problem Statement DG 5.1. Implementation of the Mechanistic-Based
Pavement Design Guide

Track: Track 2. Performance-Based Design Guide for New and Rehabilitated Concrete
Pavements (DG)
Subtrack: Subtrack DG 5. Design Guide I mplementation

Approx. Phasing: Year 1-Year 10
Estimated Cost:  $2M-$3M

I mplementing a mechanistic base design procedure fundamentally changes the way concrete pavement
designis performed. Designers must develop additional skillsin such areas as structural analysis, material
characterization, local calibration, software usage, and existing pavement characterization. Successful
implementation will require thousands of pavement designersto be extensively trained over a period of
several years. Hands-on workshops, on-line training tools, and national workshops can accomplish this
task.

Tasks: 1. Develop and present workshops dealing with many aspects of the mechanistic design
process (structural modeling, materials characterization, distress and international
roughness index prediction, overlays, restoration, optimization, traffic, climate, local
calibration, etc.). Develop web-based training in mechanistic based design. Organize
national workshops and conferences on mechanistic design.

2. Organize national conferences and workshops where States and other highway
agencies share their findings on the mechanistic design process.

3. Develop web-based training tools.

Benefits: A work force with the basic knowledge and understanding to design concrete pavements
and rehabilitation projects using the design procedure properly.

Products: Strong technology transfer to the work force concerning the design of new and
rehabilitated concrete pavements through workshops, conferences, and web-based
personnel training.

Implementation: This research will result in technology sharing.
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Track 3. High-Speed Nondestructive Testing and
Intelligent Construction Systems (ND)

B2 @ 1T OSSR
@ O o L= e 1Y TS
RESEAICIN GEPIS. ...ttt ettt ettt ettt et ettt he st et e e et ea e eheeReeE e AeeE e s e ReeReeReeE e ARt oA e b e eR et eneeReeaeeeeebeeeeaseeeneeneeneaneas
Research Challenges
RESEAICh TraCk 3 (ND) PRaSiNg........ccueiieieeiiieitiiistesiet ettt sttt e e s s tesbe s ae s e e eseesestesbesse s e aeseesseseebesteabeseensenseseenenseatens 119
Research Track 3 (ND) ESHMALEU COSES.......ccciiiiiiiiiieieeeti st stesesie st ee e testestestesaeae e sesbestasbesaesaeseeseaassteabessessenseseenseseasens 120
Track Organization: Subtracks and Problem StateMENTS .........cccciieiiiieieics et nre e 120
SUDLraCK ND 1. FIeld CONIOL ......couiiiiriiriesieieeeees sttt sttt sttt nnas 122
Problem Statement ND 1.0. Framework for Field Control (SUBErack ND 1) ......cc.coveiiiiieiiiieiesieceeeesre e sresnens 123
Problem Statement ND 1.1. Field Quality Control/Quality Assurance Tests for Performance-Based Concrete Mix
(1= o o TSRS 124
Problem Statement ND 1.2. Field Validation of Field Quality Control/Quality ASSUrance TEeSES........cceoveerereereenereeieneniens 125
Problem Statement ND 1.3. Revise Performance-Related Specifications to Include Concrete Mix Properties.................... 126
Subtrack ND 2. Nondestructive Testing Methods..........ccoieeeirininenniesesee e 127
Problem Statement ND 2.0. Framework for Nondestructive Methods (SUbtrack ND 2) .......cccoooeiiririiineneeeenese e 129
Problem Statement ND 2.1. Concrete Temperature and MOiStUre SENSING. ......c.covererrrreenreenreerreesreere s nrenes 130
Problem Statement ND 2.2. Concrete Pavement ThiCKNESS SENSING ......ccoiriiiriirierieieereeee e sae s 131
Problem Statement ND 2.3. Dowel/Tie Bar Alignment SENSING .......coceerieererierieeeeee e seese e sese e see e seeseeeesesnessessess 132
Problem Statement ND 2.4. Concrete Curing EffeCtiVENESS SENSING .....cveveieiiiieieiesesieieee e e e e ssesnens 133
Problem Statement ND 2.5. Concrete Pavement SUPPOIT SENSING.......cccuiuiierieieieieiriiesesiesiesseseeesesessessessessessessesesssssessens 134
Problem Statement ND 2.6. WOrKahility SENSING.......cc.coieiiiiiiiiiiieieest ettt sbe st sa e sesbesaestesbestesenaeseeneesensens 135
Problem Statement ND 2.7. Sensing of Air Systemsin ConCrete Pavement ..........ccccvveeveieieieieiice e anens 136
Problem Statement ND 2.8. Concrete Mix Density and V OlUMELIICS SENSING........veiveieereereeirereieseese e see e e 137
Problem Statement ND 2.9. Concrete Pavement SmOOthNESS SENSING ......ccvovirerrrrierreirreeseeesesees e 138
Problem Statement ND 2.10. Concrete Pavement Texture (Skid Resistance, Splash/Spray) SENSing ........cccoeeeveeeresreneneenes 139
Problem Statement ND 2.11. Pavement-Tir€ NOISE SENSING ......cvrreuerrrrireeriesreirreesree e s esesnesessenes 140
Problem Statement ND 2.12. Integrated Intelligent Concrete Paving SYStEM .......cccveieiiivine e 141
Subtrack ND 3. Nondestructive Testing and Intelligent Control System Evaluation and
T oL g1 = 4 o o TSRS 142
Problem Statement ND 3.0. Framework for Nondestructive Testing and Intelligent Control System Evaluation and
Implementation (SUDIFECK ND 3) ... ..ottt ae et et e e e e e e e se e st sbesaese e e e e et eneebeeaeseeabeseenseneeseeneesenneas 143
Problem Statement ND 3.1. Wor kshops on Field Quality Control Testing of Concrete Pavement ...........cccoceevenee 144
Problem Statement ND 3.2. Workshops on Nondestructive Testing and Evaluation of Concrete Pavements...................... 145
Problem Statement ND 3.3. Web-Based Training for Implementing Concrete Pavement Research Products...................... 146
Problem Statement ND 3.4. Unified Concrete Pavement Management SYyStEM .........ccecveieieieieiisiesesiesieseeeeeeessesnessesnens 147

Track 3 (ND) Page 115



Track 3 (ND) Overview

The research community has studied various nondestructive testing (NDT) technologies for
nearly 20 years. While this technology is beginning to impact pavement management equipment
and some handheld test equipment in construction technology, NDT technology has not been
applied extensively to concrete paving. The advancing technology could benefit both the
construction and inspection teams in severa key ways.

The equipment industry faces both atechnical challenge and the challenge of investing in a
methodology without being certain of a market. Establishing a working group that properly
frames the issues, agrees on the technologies, and prioritizes the work effortsis critical for
overcoming thisinvestment challenge.

Both industry and government will benefit from NDT by reducing reliance on slow and
sometimes poorly managed small-sample testing programs. NDT technology can also be
incorporated into an intelligent construction system (ICS) that adjusts the paving process on the
fly while informing contractors and inspectors of changes and/or deficienciesin construction.
Continuous and real-time sampling will be configured to detect changes to the approved mix
design and the preprogrammed line and grade values. NDT technology will aso alow industry
and government to use the data collected for long-term pavement management and evaluation. In
thisregard, track 3 has significant linksto track 10 (Concrete Pavement Performance).

The NDT/ICS methods devel oped in this track can measure the following properties that impact
concrete pavement durability and performance:

Pavement depth

e Horizontal and vertical dab alignment

e  Subgrade support and variability

e Steel location (dowels and tiebars)

e Concrete strength through the slab

e Concrete temperature through the dlab

e Moistureloss

e Smoothness
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o Tire/pavement noise potential
o Air

Many problem statements in this track relate to track 1 (Performance-Based Concrete Pavement
Mix Design System) and track 2 (Performance-Based Design Guide for New and Rehabilitated
Concrete Pavements). Software standards will also ensure that the public can link to any software
that the private sector produces.

Finally, human factors are critical for both researching and implementing this track. Pavement
engineers, materials testers, and contractors need to understand NDT fundamentals to avoid the
“black box syndrome’—that is, trying to get a technology to do something that they do not
understand in principle.

The following introductory material summarizes the goal and objectives for this track and the
gaps and challenges for its research program. A phasing chart is included to show the
approximate sequencing of the problem statements in the track. A table of estimated costs
provides the projected cost range for each problem statement, depending on the research priorities
and scope determined in implementation. The problem statements, grouped into subtracks, then
follow.

Track Goal

High-speed nondestructive quality control can continuously monitor pavement properties during
construction to provide rapid feedback. As aresult, on-the-fly adjustments can ensure a high-
quality finished product that meets performance specifications.

Track Objectives

1. Perform NDT quality control tests and procedures that use continuous and rea-time
sampling to monitor performance-related concrete mix properties and reduce the number
of human inspectors.

2. Improve construction operations by providing continuous and rapid feedback to make
changes on the fly.

3. Integrate data collection with materials management and pavement management systems
to solve future problems and evaluate performance.
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Research Gaps

e Lack of an overall coordinated plan and government and industry partnerships

e Lack of financial incentives and favorable investment economics

e Insufficient understanding of NDT

o Insufficient understanding of testing variability

Research Challenges

e Involve both industry and government to create the market and the funding to make this
track’ s goal feasible.

o Develop affordable testing equipment for contractors and owner-agencies, considering
both initial and life cycle costs

e Help contractors and civil engineers understand and simplify the use of NDT in wide-
scale concrete pavement operations.

o Develop testing equipment with alow degree of variahility to achieve repeatable and
reliable resultsin the field.
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Research Track 3 (ND) Phasing

Year

Subtrack ND 1

ND 2.1. Concrete Temperature, Strength, and Stiffness Sensing

[ND2.2. Concrete Pavement Thickness Sensing

ND 2.3 Dowel/Tie Bar Alignment Sensing ﬁ

ND 2.4. Concrete Curing Effectiveness Sensing

T

T T T

ND 2.5. Concrete Pavement Support Sensing

ND 2.6. Workability Sensing

ND 2.7. Sensing of Air Systems in (m:m Pavement
ND 2.8. Concrete ;kllx Volumetrics SQ;uing
ND 2.9. Concrete Pavement Smoothness Sensing
ND2.10. Comm; Pavement Texture (Skid Resistance, Splash/Spray) Sensing
ND2.11. Paveme:'tt-ﬂre Noise Sensl;ng
| | |§z&z. Integrated Intelligent Concrete Paving

Nondestructive Testing Methods

Subtrack ND 2

Subtrack ND 3
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Research Track 3 (ND) Estimated Costs

Problem Statement

Estimated Cost

Subtrack ND 1. Field Control

ND 1.0 Framework for Field Control (Subtrack ND 1) $350k
ND 1.1. Field Quality Control/Quality Assurance Tests for Performance-Based Concrete Mix $2M-$5M
Design
ND 1.2. Field Validation of Field Quality Control/Quality Assurance Tests $2M-$5M
ND 1.3. Revise Performance-Rel ated Specifications to Include Concrete Mix Properties $500k—$1M
Subtrack ND 2. Nondestructive Testing M ethods
ND 2.0 Framework for Nondestructive Testing Methods (Subtrack ND 2) $600k
ND 2.1. Concrete Temperature and Moisture Sensing $1IM-$2M
ND 2.2. Concrete Pavement Thickness Sensing $500k—$1M
ND 2.3. Dowel/Tie Bar Alignment Sensing $1IM-$2M
ND 2.4. Concrete Curing Effectiveness Sensing $500k—$1M
ND 2.5. Concrete Pavement Support Sensing $1IM-$2M
ND 2.6. Workability Sensing $500k—$1M
ND 2.7. Sensing of Air Systems in Concrete Pavement $1IM-$2M
ND 2.8. Concrete Mix Density and Volumetrics Sensing $1IM-$2M
ND 2.9. Concrete Pavement Smoothness Sensing $1IM-$2M
ND 2.10. Concrete Pavement Texture (Skid Resistance, Splash/Spray) Sensing $500k—$1M
ND 2.11. Pavement-Tire Noise Sensing $500k—$1M
ND 2.12. Integrated Intelligent Concrete Paving System $2M-$5M

Subtrack ND 3. Nondestructive Testing and I ntelligent Control Systems Evaluation and I mplementation

ND 3.0. Framework for Nondestructive Testing and Intelligent Control Systems Evaluation and $150k

Implementation (Subtrack ND 3)

ND 3.1. Workshops on Field Quality Control Testing of Concrete Pavement $1IM-$2M

ND 3.2. Workshops on Nondestructive Testing and Evaluation of Concrete Pavements $1IM-$2M

ND 3.3. Web-Based Training for Implementing Concrete Pavement Research Products $500k—$1M

ND 3.4. Unified Concrete Pavement Management System $1IM-$2M
Track 3 (ND)

Totd $19.6M-$41.1M

Track Organization: Subtracks and Problem Statements

Track 3 (ND) problem statements are grouped into three subtracks:

e Subtrack ND 1. Field Control

e Subtrack ND 2. Nondestructive Testing Methods

e Subtrack ND 3. Nondestructive Testing and Intelligent Control Systems Evaluation and

Implementation
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Each subtrack isintroduced by a brief summary of the subtrack’ s focus and atable listing the
titles, estimated costs, products, and benefits of each problem statement in the subtrack. The
problem statements then follow.
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Subtrack ND 1. Field Control

This subtrack frames the actual field testing research, identifies key quality control factors, and
pools all the information into a performance-related specifications framework linking the
information with track 1 (Performance-Based Concrete Pavement Mix Design System) and track
2 (Performance-Based Design Guide for New and Rehabilitated Concrete Pavements).

Problem Estimated .
Products Benefits
Statement Cost
ND 1.0 Framework for $350k A validated, sequenced, and detailed An effective, coordinated, and
Field Control (Subtrack research framework for this subtrack. productive research program.
ND 1)
ND 1.1. Field Quality $2M—-$5M Testing techniques/devices for quality Performance-based concrete mix
Control/Quality control field testing of performance-based properties for projects constructed
Assurance Tests for mix designs. using performance-based mix designs
Performance-Based that owner-agencies can verify.
Concrete Mix Design
ND 1.2. Field $2M—$5M Best practice guides and recommendations A guide for implementing and using
Validation of Field for field quality control tests. field quality control tests for
Quality Control/Quality performance-based mix designs that
Assurance Tests will be given to owner-agencies.
ND 1.3. Revise $500k—$1M Recommended performance-related A guide for incorporating concrete
Performance-Rel ated specifications for mix design properties. mix design properties into

Specifications to
Include Concrete Mix
Properties

performance-rel ated specifications
that will be given to owner-agencies.
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Problem Statement ND 1.0. Framework for Field Control (Subtrack ND
1)

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)
Subtrack: Subtrack ND 1. Field Control

Approx. Phasing: Year 1-Year 3

Estimated Cost:  $350k

Subtrack ND 1 (Field Control) provides a set of research problem statements that will culminatein a
significantly improved state of the art and practice. Asthe funding becomes available, an initial effort will
be necessary to develop aframework for the research to be accomplished within this subtrack.

Tasks: 1. Examine the problem statements in subtrack ND 1 (Field Control), modify as
appropriate, and divide them into specific, manageable contracts.

2. Arrange the contracts in a carefully sequenced plan that reflects alogical progress of
research and available funding.

3. Expand each of the broad research problem statementsincluded in the subtrack into a
detailed research plan with specific objectives, tasks, and funding recommendations.

4. Review and provide direction for the various research contracts underway to ensure
that they fulfill their objectives and allow future contracts to use their results. Guide the
additional work required if a contract fails to achieve its objectives and additional work is

necessary.
Benefits: An effective, coordinated, and productive research program.
Products: A validated, sequenced, and detailed research framework for this subtrack.

Implementation: This research will provide the organization and validation essential for the success of this
subtrack. Implementation of this problem statement will set the stage for the rest of the
problem statementsin subtrack ND 1 (Field Contral).
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Problem Statement ND 1.1. Field Quality Control/Quality Assurance
Tests for Performance-Based Concrete Mix Design

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)
Subtrack: Subtrack ND 1. Field Control

Approx. Phasing: Year 3-Year 10

Estimated Cost: $2M—-$5M

As performance-based mix designs replace method-based and quality control/quality assurance-based
specifications, tests that properly measure mix propertiesin the field will be required. Examples of these
properties for which practical field tests must be developed include heat signature, workability, water-
cement ratio, and air content (size and spacing). While heat signature data can be derived in the laboratory,
aneed exists to develop and implement a field-ready version of the adiabatic calorimeter. Workability
affects concrete placeability, affecting both paver performance and finished pavement ride quality. Water-
cement ratio, a key concrete mix property, isthe primary factor affecting concrete strength and
permeability, significantly influencing early-age performance and long-term durability. Unfortunately, the
water-cement ratio specified for ajob israrely achieved when the concrete is placed, due to the water added
to achieve workability and numerous other factors. Therefore, a quick, reliable test procedure that
determines the water-cement ratio shortly before concrete placement as a quality assurance check is
needed. Air content (size and spacing of bubbles) also affects permeability and pavement performance
(freeze-thaw performance) and should be measured after the concrete has been placed. The air void
analyzer has given reliable results and should be used as a routine quality control tool for paving projects.
Quiality control devicesfor field testing performance-based mix design should be rugged and inexpensive
and be able to reproduce the data that current laboratory devices can provide.

Tasks: 1. Identify performance-based concrete mix design properties.
2. Determine suitable limits for performance-based mix design properties.
3. ldentify techniques/devices that can determine the desired mix design properties.

4. Modify existing devices/techniques or develop new devices for measuring the mix
design parameters accurately in the field, producing the same results as |aboratory tests.

5. Develop recommendations for deploying field tests on projects using performance-
based mix designs.

Benefits: Performance-based concrete mix properties for projects constructed using performance-
based mix designs that owner-agencies can verify.

Products: Testing techniques/devices for quality control field testing of performance-based mix
designs.

Implementation: Thiswork will result in testing techniques/devices for field testing performance-based
mix design properties.
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Problem Statement ND 1.2. Field Validation of Field Quality
Control/Quality Assurance Tests

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)
Subtrack: Subtrack ND 1. Field Control

Approx. Phasing: Year 4-Year 10

Estimated Cost: $2M—-$5M

Before deploying quality control testsin the field, extensive field validation testing will be required. Field
validation should be completed under all conceivable conditions expected during future testing, including
varying climatic conditions, material properties, pavement types, construction techniques, and mix designs.
Best practices should be developed for each of the tests. The repeatability, reliability, and variability of the
test results should be checked during the field validation process.

Tasks: 1. Identify al testsrequired for field validation.

2. Work with owner-agencies to identify test validation locations that represent different
climatic conditions, materials, pavement types, construction procedures, and mix designs.

3. Work with contractors and owner-agencies to perform validation testing at various
field sites.

4. Evaluate repeatability, reliability, and variability for each test.
5. Recommend improvements to test equipment and procedures.

6. Document the best practices for performing field validation tests.

Benefits: A guide for implementing and using field quality control tests for performance-based mix
designs that will be given to owner-agencies.

Products: Best practice guides and recommendations for field quality control tests.

Implementation: Thiswork will result in best practice guidelines and/or needed improvements to field
quality control tests.
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Problem Statement ND 1.3. Revise Performance-Related Specifications
to Include Concrete Mix Properties

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)
Subtrack: Subtrack ND 1. Field Control

Approx. Phasing: Year 5-Year 10

Estimated Cost:  $500k—$1M

The FHWA has had an ongoing research program studying performance-related specifications (PRS) for
rigid pavements to ensure the construction of high-performance concrete pavements. States are advancing
through the continuum of methods specifications, from quality control/quality assurance (QC/QA)
specifications to PRS-based specifications. Because the relationship between concrete mix properties and
pavement performance has become better understood, PRS-based specifications should include mix
properties. Workability and air content/spacing are two basic mix properties known to affect pavement
construction and performance that should be included in PRS-based specifications. As with other PRS-
based specifications, determining and setting limits on performance parametersisthefirst step in the
development process. The next step will be to determine nondestructive tests for the various concrete
properties that can be used for QC/QA in thefield.

Tasks: 1. Identify the concrete properties shown to affect concrete pavement performance,
including parameters indirectly affecting performance (i.e., properties that may affect
constructability and thereby affect pavement performance).

2. Determine limits for performance-based properties.

3. ldentify practical field tests for measuring mix properties.

4. Devel op recommendations concerning performance-related specifications for mix
properties.

Benefits: A guide for incorporating concrete mix design properties into performance-related
specifications that will be given to owner-agencies.

Products: Recommended performance-related specifications for mix design properties.

Implementation: Thiswork will result in recommended performance-related specifications for concrete
pavement mix properties.
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Subtrack ND 2. Nondestructive Testing Methods

This subtrack addresses the specific research needed to devel op the actual nondestructive testing
elements of the new intelligent control system.

Problem Estimated .
Products Benefits
Statement Cost
ND 2.0. Framework for ~ $600k A validated, sequenced, and  An effective, coordinated, and productive research
Nondestructive Testing detailed research framework ~ program.
Methods (Subtrack ND for this subtrack.
2)
ND 2.1. Concrete $1IM-$2M Devices for monitoring Quick determination and short-notice adjustment of
Temperature and concrete temperature and the optimal time for surface texturing, joint
Moisture Sensing moisture during sawing/cutting, and opening to traffic, resulting in
construction. high-quality pavement that can quickly be opened to
traffic.
ND 2.2. Concrete $500k—$1M Nondestructive Techniques/devices that provide continuous real -
Pavement Thickness techniques/devices for time pavement thickness measurements without
Sensing measuring pavement removing cores from the slab, resulting in better
thickness during quadlity assurance for owner-agencies.
construction.
ND 2.3. Dowel/TieBar  $1M—-$2M Devicesfor detecting dowel Paver adjustment and gross misalignment correction
Alignment Sensing and tiebar misalignment during construction, resulting from the detection of
during construction. dowel and tiebar misalignment behind the paver;
better joint and pavement performance.
ND 2.4. Concrete $500k—$1M Devicesfor sensing concrete  On-the-fly adjustment to curing methods during and
Curing Effectiveness curing effectiveness during immediately after the paving operation, resulting
Sensing construction. from continuous monitoring of curing effectiveness
after concrete placement; high-quality concrete
pavement.
ND 2.5. Concrete $1IM-$2M Devices for measuring On-the-fly adjustments to the mix design, slab
Pavement Support pavement support during thickness, and joint spacing during construction,
Sensing construction. resulting from continuous monitoring of pavement
support in front of the paving operation; high-quality
pavements constructed precisely for the support over
which they are placed.
ND 2.6. Workability $500k—$1M Equipment for continuously ~ On-the-fly adjustments to the concrete mix design
Sensing monitoring concrete and paver operating parameters during construction,
workability during resulting from continuous concrete workability
construction. monitoring during placement; durable, high-quality
concrete pavement placed under optimal operating
conditions for the mix.
ND 2.7. Sensing of Air $1IM-$2M Nondestructive equipment On-the-fly adjustments to the concrete mix and

Systemsin Concrete
Pavement

for measuring air
content/properties.

paver operating parameters during construction,
resulting from continuous air content monitoring
(quantity and spacing) behind the paver; high-
quality concrete pavement with the proper air
content to meet the durability requirements for the
climate in which it is constructed.
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Problem Estimated -
Products Benefits
Statement Cost
ND 2.8. Concrete Mix $1IM-$2M Nondestructive equipment Continuous monitoring of the volumetric
Density and for monitoring volumetric proportions of mix constituents to allow contractors

Volumetrics Sensing

proportions of mix
constituents.

and inspectors to ensure the proper mix proportions
are being used; high-quality concrete pavement with
the proper mix proportions.

ND 2.9. Concrete
Pavement Smoothness
Sensing

$1IM-$2M

Wet smoothness-sensing
equipment.

Pavement smoothness monitored behind the paver,
permitting surface deviations to be corrected while
the concrete is still plastic and allowing the paver or
batching operation to be adjusted to prevent further
surface deviations, smoother as-constructed
pavements that do not require additional measures
(diamond grinding) to meet smoothness
specifications.

ND 2.10. Concrete
Pavement Texture (Skid
Resistance,
Splash/Spray) Sensing

$500k—$1M

Equipment for predicting
skid resistance and
splash/spray potential.

Continuously monitored surface texture, permitting
real-time prediction of skid resistance and
splash/spray potential; on-the-fly adjustments to
finishing and texturing processes to achieve the
desired skid resistance and splash/spray
characteristics, resulting in as-constructed
pavements that meet surface texture requirements
without the need for additional texturing measures.

ND 2.11. Pavement-
Tire Noise Sensing

$500k—$1M

Equipment for predicting
pavement noise
characteristics during
construction.

Prediction of pavement-tire noise potential during
construction, allowing surface textures to be
corrected while the concrete is still plastic and on-
the-fly adjustments to the surface texturing process
to meet the pavement-tire noise restrictions; as-
constructed pavements that meet stringent
pavement-tire noise restrictions without the need for
additional noise mitigation.

ND 2.12. Integrated
Intelligent Concrete
Paving System

$2M-$5M

An integrated intelligent
paving system to predict
future pavement
performance.

An integrated intelligent paving system that will
predict future pavement performance during the
construction process, allowing contractors and
owner-agencies to adjust the paving process on the
fly to achieve the pavement performance
requirements; high-quality concrete pavements that
will achieve the intended 30-, 40-, or 50-year (or
more) design life.
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Problem Statement ND 2.0. Framework for Nondestructive Methods
(Subtrack ND 2)

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)
Subtrack: Subtrack ND 2. Nondestructive Methods

Approx. Phasing: Year 1-Year 3

Estimated Cost:  $600k

Subtrack ND 2 (Nondestructive Methods) provides a set of research problem statements that will culminate
in asignificantly improved state of the art and practice. As the funding becomes available, an initial effort
will be necessary to develop aframework for the research to be accomplished within this subtrack.

Tasks: 1. Examine the problem statements in subtrack ND 2 (Nondestructive Methods), modify
as appropriate, and divide them into specific, manageabl e contracts.

2. Arrange the contracts in a carefully sequenced plan that reflects alogical progress of
research and available funding.

3. Expand each of the broad research problem statementsincluded in the subtrack into a
detailed research plan with specific objectives, tasks, and funding recommendations.

4. Review and provide direction for the various research contracts underway to ensure
that they fulfill their objectives and allow future contracts to use their results. Guide the
additional work required if a contract fails to achieve its objectives and additional work is

necessary.
Benefits: An effective, coordinated, and productive research program.
Products: A validated, sequenced, and detailed research framework for this subtrack.

Implementation: This research will provide the organization and validation essential for the success of this
subtrack. Implementation of this problem statement will set the stage for the rest of the
problem statements in subtrack ND 2 (Nondestructive Methods).
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Problem Statement ND 2.1. Concrete Temperature and Moisture
Sensing

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)
Subtrack: Subtrack ND 2. Nondestructive Methods

Approx. Phasing: Year 2-Y ear 6

Estimated Cost: $1M-$2M

Nondestructive test (NDT) methods for temperature and moisture sensing are important quality control
checks for concrete placement and early-age monitoring. Temperature can significantly affect pavement
performance, prompting many transportation departments to limit concrete temperature during placement.
Additionally, moisture sensing is not only a surrogate for curing effectiveness, but is also a direct indication
of the hydration process. New devices will allow inspectors to monitor the concrete temperature and
moisture history to ensure that limits are not exceeded. Using maturity methods, concrete temperature and
moisture can be related to concrete strength, allowing contractors to quickly assess the time before the
pavement can be opened to traffic. However, more precise guidelines for the maturity measurement
interval, accuracy, and monitoring locations are needed. In addition, guidelines for installing sensors should
be developed, addressing concerns such as the effect of mounting sensors on steel dowels or reinforcement
and the minimum cover required for proper temperature measurement. Predicting stiffness using the
temperature and moisture history can benefit concrete pavement construction by permitting contractorsto
assess the proper timing for applying surface texture and cutting joints. All NDT devices used for these
purposes should be economical and practical for field use.

Tasks: 1. Identify NDT methods and devices for temperature and moisture sensing.

2. Determine thereliability and variability of the test methods and devices under field
conditions.

3. Modify existing devices or develop practical new devices that accurately monitor
temperature and moisture during pavement construction.

4. Develop recommendations for deploying NDT techniques/devices for temperature and
moisture monitoring.

Benefits: Quick determination and short-notice adjustment of the optimal time for surface
texturing, joint sawing/cutting, and opening to traffic, resulting in high-quality pavement
that can quickly be opened to traffic.

Products: Devices for monitoring concrete temperature and moisture during construction.

Implementation: Thiswork will result in reliable, practical, and economical techniques/devices for
monitoring concrete temperature and moisture during pavement construction.
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Problem Statement ND 2.2. Concrete Pavement Thickness Sensing

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)
Subtrack: Subtrack ND 2. Nondestructive Methods

Approx. Phasing: Year 3-Year 7

Estimated Cost:  $500k—$1M

As-constructed pavement thickness must be assessed during construction to determine pay factors and to
ensure that the owner-agency gets what it pays for. Current practice for verifying concrete pavement
thicknessis to remove cores from the pavement and measure their length with calipers. Thisisatime-
consuming and costly process. Several agencies are attempting to use nondestructive techniques, such as
physical probes, impact-echo, and ground-penetrating radar equipment, to eliminate the need for core
sampling. A systematic evaluation of these and other alternativesis needed to determine their accuracy and
potential for usein concrete paving specifications. When using coring to sample thickness, alimited
number of thickness measurements are feasible because the cost for each sample is high. The goal of new
nondestructive testing is to increase the number of samples while decreasing the cost of testing and
eliminating the core removal.

Tasks: 1. Identify existing nondestructive testing techniques that determine pavement thickness.

2. Determine the variability of existing methods and assess whether this variability is
acceptable for quality control testing.

3. Maodify existing nondestructive techniques or develop new techniques that measure
dlab thickness at intervals as short at 30.5 cm (1 ft) quickly, accurately, and cost-
effectively.

4. Develop recommendations for deploying nondestructive thickness sensing devices.

Benefits: Techniques/devices that provide continuous real -time pavement thickness measurements
without removing cores from the slab, resulting in better quality assurance for owner-
agencies.

Products: Nondestructive techniques/devices for measuring pavement thickness during

construction.

Implementation: Thiswork will result in nondestructive techniques/devices for measuring pavement
thickness quickly at short intervals.
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Problem Statement ND 2.3. Dowel/Tie Bar Alignment Sensing

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)
Subtrack: Subtrack ND 2. Nondestructive Methods

Approx. Phasing: Year 4-Year 8

Estimated Cost: $1M-$2M

Many transportation agencies use dowel and tie bars to ensure adequate |oad transfer acrossjointsin
concrete pavements. |f constructed properly, dowel bars should be exactly parallel to both the surface and
centerline of the hardened dlab. Unfortunately, thisis not always the case, as misalignment can occur from
either misplacement (incorrect initial positioning of the dowels), displacement (movement during the
paving operation), or both. Tie bars should be centered over alongitudinal joint to effectively secure
adjacent slabs. Misaligned dowel bars can cause joints to lock-up or even fault, and thus significantly affect
pavement performance. No clear consensus among agencies on the level of practical limits on dowel
placement tolerances exists. Normally, a maximum allowable alignment error of 0.64 cm (0.25 in.) per 45.7
cm (18in.) length of dowel bar is specified, although the Georgia Department of Transportation specifies
an alowabletolerance of 7.2 cm (3 in.) per 2.4 m (8 ft) both horizontally and vertically, and several other
agencies specify an allowable tolerance of 2.5 cm (1 in.) per 1.2 m (4 ft) both horizontally and vertically.
Unfortunately, these specifications are difficult to enforce due to the lack of an efficient and reliable
technique for determining in-situ dowel misalignment. However, recent development of the MIT-SCAN-2
and MIT-SCAN-2F devices has provided an opportunity to obtain accurate dowel position information
efficiently and cost-effectively.

Research is needed that either modifies existing dowel bar alignment sensing equipment or devel ops new
equipment for use during the paving process. Real-time measurements of dowel bar alignment immediately
behind the paving operation will aert the contractor and inspectors to alignment problems, allowing for
paver adjustments and possible corrections to misaligned dowel bars.

Tasks: 1. Identify existing nondestructive dowel and tiebar alignment sensing devices.

2. Modify existing devices or develop new devices that permit testing during the paving
operation.

3. Evaluate the accuracy of the devices on actual pavement sections and make
recommendations for deploying the devices for concrete paving construction projects.

Benefits: Paver adjustment and gross misalignment correction during construction, resulting from
the detection of dowel and tiebar misalignment behind the paver; better joint and
pavement performance.

Products: Devices for detecting dowel and tiebar misalignment during construction.

Implementation: Thiswork will result in dowel and tiebar alignment sensing devices that can be used to
assess dowel and tiebar alignment rapidly during construction.
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Problem Statement ND 2.4. Concrete Curing Effectiveness Sensing

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)
Subtrack: Subtrack ND 2. Nondestructive Methods

Approx. Phasing: Year 4-Year 8

Estimated Cost:  $500k—$1M

The effectiveness of curing methods used during concrete paving has been identified as an important factor
that can affect pavement service life. Curing not only affects slab warping behavior, but rapid moisture loss
at the surface can also weaken surface strength. While standard laboratory test methods for evaluating the
effectiveness of curing compound exist, no test or deviceis widely used in the field. This research will
identify a nondestructive test that will allow for continuous monitoring of curing method effectiveness
during and after concrete placement. Ideally, the test/device will be fully automated and will alert the
inspector or contractor if additional curing measures are needed. The test/device could also be linked to
automated curing equipment that would adjust curing depending on the amount of moisture loss detected in
the slab. Such devices should be portable, economical, and nonobtrusive and be capable of monitoring
curing effectiveness at several locations along aday’ s worth of pavement placement.

Tasks: 1. Identify existing moisture sensors or other devices that measure curing effectiveness.
2. Modify existing devices or develop new devices to monitor curing effectiveness.
3. Validate curing effectiveness detection devices on paving projects.

4. Develop recommendations for deploying curing effectiveness detection devices.

Benefits: On-the-fly adjustment to curing methods during and immediately after the paving
operation, resulting from continuous monitoring of curing effectiveness after concrete
placement; high-quality concrete pavement.

Products: Devices for sensing concrete curing effectiveness during construction.

Implementation: Thiswork will result in adevice that senses curing effectiveness during and after
concrete placement.
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Problem Statement ND 2.5. Concrete Pavement Support Sensing

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)
Subtrack: Subtrack ND 2. Nondestructive Methods

Approx. Phasing: Year 5-Year 9

Estimated Cost: $1M-$2M

The support structure beneath PCC pavements significantly affects pavement design characteristics, such as
thickness, joint spacing, and mix design. Unfortunately, when most pavements are designed, the variability
of the supporting structure along the length of the pavement can be significant. Automated, nondestructive
support-sensing devices would allow the support structure to be assessed continuously along the length of
the pavement during the paving operation. Support sensing devices could be fixed to the paving equipment
to determine the stiffness of the support structure at the time of placement and as the paving operation
progresses. Automated support-sensing devices could send support information to automated batching and
paving equipment, causing the batching equipment to adjust the paving mix or the paver to adjust slab
thickness or load transfer (joint spacing) on the fly.

Tasks: 1. Identify existing nondestructive support sensing devices.

2. Modify existing devices or develop new devices that continuously monitor pavement
support layers.

3. Integrate support-sensing devicesinto the paving operation to make adjustments on the
fly.

4. Validate support-sensing equipment on actual paving projects.

5. Develop recommendations for deploying support-sensing equipment on paving
projects.

Benefits: On-the-fly adjustments to the mix design, slab thickness, and joint spacing during
construction, resulting from continuous monitoring of pavement support in front of the
paving operation; high-quality pavements constructed precisely for the support over
which they are placed.

Products: Devices for measuring pavement support during construction.

Implementation: Thiswork will result in automated support-sensing equipment that can measure pavement
support continuously during construction.
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Problem Statement ND 2.6. Workability Sensing

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)
Subtrack: Subtrack ND 2. Nondestructive Methods

Approx. Phasing: Year 5-Year 9

Estimated Cost:  $500k—$1M

Fresh concrete workability can significantly affect the paving process and the quality of the finished
product. Workability can dictate both the speed and efficiency (i.e., energy consumption) of the paving
process as well as the finishability of the pavement, affecting both ride quality and surface texture. The
processis commonly controlled in the field with routine sampling and testing of the concrete for strength,
slump, and sometimes air content (or unit weight). While these measures provide critical feedback, they are
not always timely or reliable. This research will seek out techniques that more rapidly and continuously
evaluate paving concrete properties, specifically rheological properties such as workability. With
continuous workability monitoring, the batch plant could more quickly and reliably adjust mix proportions
and the paving operator could more quickly adjust the paver operating parameters.

Tasks: 1. Identify techniques/equipment for measuring concrete workability.

2. Maodify existing equipment or develop new equipment that continuously monitors mix
workability.

3. Validate workability sensing equipment on actual paving projects.

4. Integrate workability sensing equipment with automated batching and paving
equipment.

5. Develop recommendations for deploying workability sensing equipment.

Benefits: On-the-fly adjustments to the concrete mix design and paver operating parameters during
construction, resulting from continuous concrete workability monitoring during
placement; durable, high-quality concrete pavement placed under optimal operating
conditions for the mix.

Products: Equipment for continuously monitoring concrete workability during construction.

Implementation: Thiswork will result in equipment for continuously sensing concrete workability that can
be tied into automated batching and paving equipment.
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Problem Statement ND 2.7. Sensing of Air Systems in Concrete
Pavement

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)
Subtrack: Subtrack ND 2. Nondestructive Methods

Approx. Phasing: Year 5-Year 9

Estimated Cost: $1M-$2M

Placement activities, such as slip-form paving, are understood to reduce the quantity of entrained air in
concrete by as much as two percent. Air tests are not currently taken after dlipform paving, but rather are
taken from samples either at the plant or in front of the paving machine. However, this testing procedure
systematically ignores the impact that the pavement placement operation has on air content. Durability
studies have revealed problems with freeze-thaw damage due to an inadequate quantity of entrained air.
Studies also show that not only is the amount of entrained air important, but also the spacing between the
air bubbles. Air tests are not taken behind the paving machine primarily because of the tests' destructive
nature. The current testing standard, ASTM C 231, would require removing concrete from the finished slab.

This research will develop atest method or procedure to determine the air content (amount and spacing of
bubbles) of plastic concrete after paving. Although the air void analyzer has been shown to accurately
indicate air content (amount and spacing of bubbles), it still usually requires that concrete be removed from
the finished surface, and the testing apparatus is not necessarily suited for field applications. Thisresearch
will identify appropriate technology to create accurate and durable test equipment that can quickly
determine air content properties, permitting on-the-fly adjustments to mix proportions.

Tasks: 1. Identify existing equipment for accurately classifying air content (quantity and bubble
spacing).

2. Modify existing equipment or develop new durable and economical automated
equipment/sensors that can quickly assess air content behind the paver.

3. Validate air sensing equipment on actual paving projects.

4. Integrate automated air sensing equipment/sensors with batching and paving
equipment.

5. Develop recommendations for deploying air sensing equipment for paving operations.

Benefits: On-the-fly adjustments to the concrete mix and paver operating parameters during
construction, resulting from continuous air content monitoring (quantity and spacing)
behind the paver; high-quality concrete pavement with the proper air content to meet the
durability requirements for the climate in which it is constructed.

Products: Nondestructive equipment for measuring air content/properties.

Implementation: Thiswork will result in air sensing equipment that can quickly and accurately assess the
air content and spacing behind the paver.
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Problem Statement ND 2.8. Concrete Mix Density and Volumetrics
Sensing

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)
Subtrack: Subtrack ND 2. Nondestructive Methods

Approx. Phasing: Year 7-Year 10

Estimated Cost: $1M-$2M

During typical paving operations, process controls measure such concrete properties as slump, air content,
and strength. However, density is rarely checked and volumetric proportions are seldom checked to
determine whether the proper proportions are being batched. For this purpose, nondestructive equipment
for sensing the density and volumetric proportions of the material on-site is needed. The equipment should
quickly determine both the density and the volumetric proportions of constituents continuously throughout
the paving operation. Automated equipment could alert inspectors or the batch plant to adjust the mix.

Tasks: 1. Develop sensing equipment that can quickly determine the density of the mixture and
volumetric proportions of concrete constituents.

2. Validate density and volumetric sensing equipment on an actual paving project.

3. Develop recommendations for deploying automated sensing equipment.

Benefits: Continuous monitoring of the density and volumetric proportions of mix constituentsto
allow contractors and inspectors to ensure the proper mix proportions are being used;
high-quality concrete pavement with the proper mix proportions.

Products: Nondestructive equipment for monitoring mixture density and volumetric proportions of
mix congtituents.

Implementation: Thiswork will result in nondestructive density and mix volumetric sensing equipment.
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Problem Statement ND 2.9. Concrete Pavement Smoothness Sensing

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)
Subtrack: Subtrack ND 2. Nondestructive Methods

Approx. Phasing: Year 3-Year 6

Estimated Cost: $1M-$2M

The California profilograph is the equipment most commonly used to measure pavement smoothness,
providing information to the contractor in as little as four to six hours after placing conventional concrete
pavement. While this is the fastest available method for providing smoothness information, it is not fast
enough to indicate bumps or dips to the paving crew during finishing operations. Wet smoothness-
measuring devices that can be mounted to slip-form machines or atrailing construction bridge are needed.
These devices will provide direct feedback to the paving finishing crew and to automated paving
equipment. The crew can then eliminate surface deviations while the concrete remains plastic, and the
paving machine could adjust to correct smoothness irregularities caused by the paver. This method will
provide a uniform surface and eliminate areas that must be ground after construction.

This research will develop awet smoothness-measuring device that produces information trandatable to the
California profile index or international roughnessindex (IRI). Evaluating the accuracy of the smoothness-
measuring device will be necessary to demonstrate its accuracy relative to the California profilograph. In
addition, amanual describing the testing equipment and indexing procedure should be developed to
implement this equipment and procedure.

Tasks: 1. Identify wet smoothness-measuring devices.
2. Adapt the smoothness-measuring devices to dip-form paving operations.

3. Develop a system that combines the new smoothness measurements with software that
automatically calculates the simulated California profile index and IRI.

4. Validate the wet smoothness measurements on an actual paving project.

5. Develop recommendations for deploying the smoothness-sensing equipment during the
paving operation.

Benefits: Pavement smoothness monitored behind the paver, permitting surface deviations to be
corrected while the concreteis still plastic and allowing the paver or batching operation
to be adjusted to prevent further surface deviations; smoother as-constructed pavements
that do not require additional measures (diamond grinding) to meet smoothness
specifications.

Products: Wet smoothness-sensing equipment.

Implementation: Thiswork will result in wet smoothness-sensing equipment that can be adapted to dip-
form paving operations.
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Problem Statement ND 2.10. Concrete Pavement Texture (Skid
Resistance, Splash/Spray) Sensing

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)
Subtrack: Subtrack ND 2. Nondestructive Methods

Approx. Phasing: Year 5-Year 10

Estimated Cost:  $500k—$1M

The primary purpose of pavements surface texture is to improve friction (skid resistance). However,
reducing splash and spray must also be considered, as they can affect driver visibility. Predicting both skid
resistance and splash/spray potential during pavement construction can ensure that an adequate and safe
surface texture is applied. Because skid resistance and splash/spray potential are difficult to measure or
quantify on fresh concrete surfaces, surface texture (type and depth), skid resistance, and splash/spray
potential may need to be correlated. Measuring surface texture properties during construction will allow the
contractor to adjust the paving equipment to improve surface texture and possibly correct still-plastic in-
place concrete. Surface texture sensing equipment could be mounted on the paving train immediately
behind the finishing and texturing processes to determine texture propertiesin real-time. The sensing
equipment would provide instant results for alarge enough section of pavement to adequately indicate the
whole surface.

Tasks: 1. Identify surface texture measurement equipment/techniques that can be used on fresh
(plastic) concrete to determine skid resistance and splash/spray potential.

2. ldentify correlations between surface texture measurements, skid resistance, and
splash/spray potential.

3. Maodify existing equipment or develop new sensing equipment that measures surface
texture properties on fresh concrete.

4. Develop necessary correlations between surface texture properties, skid resistance, and
splash/spray potential.

5. Validate surface texture measurement equipment on actual paving projects.

6. Develop recommendations for deploying surface-texture-sensing equipment.

Benefits: Continuously monitored surface texture, permitting real-time prediction of skid resistance
and splash/spray potential; on-the-fly adjustments to finishing and texturing processesto
achieve the desired skid resistance and splash/spray characteristics, resulting in as-
constructed pavements that meet surface texture requirements without the need for
additional texturing measures.

Products: Equipment for predicting skid resistance and splash/spray potential.

Implementation: Thiswork will result in equipment that can predict the skid resistance and splash/spray
potential of fresh concrete pavement.
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Problem Statement ND 2.11. Pavement-Tire Noise Sensing

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)
Subtrack: Subtrack ND 2. Nondestructive Methods

Approx. Phasing: Year 8-Year 10

Estimated Cost:  $500k—$1M

Pavement-tire noise is very important to consider in concrete pavement construction, and many States have
implemented noise-level restrictions on new pavement construction. Pavement-tire noise can significantly
increase the cost of a paving project if noise mitigation measures are required. Therefore, determining
potential pavement-tire noise during construction isimportant if measures are to be taken to reduce noise
levels. Research to devel op techniques/equipment for measuring pavement noise potential during
construction is needed. Sensing equipment mounted to the paving train immediately behind the finishing
and texturing operations could sense and predict noise potential in real time. Thisinformation would then
allow the contractor to adjust the paving equipment to reduce noise potential and perhaps correct still-
plastic in-place concrete. Noise-sensing equipment will provide instant results for alarge enough section of
pavement to adequately indicate the noise potentia for whole surface.

Tasks: 1. Identify surface texture measurement techniques/equipment that can predict pavement-
tire noise.

2. Modify existing equipment or develop new techniques/equipment that predict
pavement-tire noise from surface texture measurements on fresh concrete.

3. Develop necessary correlations between surface texture measurement and pavement
noise.

4. Validate noise-sensing equipment on actual paving projects.

5. Develop recommendations for deploying noise-sensing equipment.

Benefits: Prediction of pavement-tire noise potential during construction, allowing surface textures
to be corrected while the concreteis till plastic and on-the-fly adjustments to the surface
texturing process to meet the pavement-tire noise restrictions; as-constructed pavements
that meet stringent pavement-tire noise restrictions without the need for additional noise
mitigation.

Products: Equipment for predicting pavement noise characteristics during construction.

Implementation: Thiswork will result in noise-sensing equipment that can be used for new PCC pavement
construction.
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Problem Statement ND 2.12. Integrated Intelligent Concrete Paving
System

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)
Subtrack: Subtrack ND 2. Nondestructive Methods

Approx. Phasing: Year 7-Year 10

Estimated Cost: $2M—-$5M

Pavement performance can often be linked to construction practices or problems encountered during
construction. For thisreason, an integrated intelligent paving system that predicts future pavement
performance behind the paving operation in real time is needed. The intelligent paving system will predict
concrete pavement performance using various sensors and equipment on and around the paving operations.
Theintelligent paving system would minimally incorporate monitoring of the following: concrete and
ambient temperatures, workability, air properties, mix constituent proportions, strength, slab thickness,
dowel bar alignment, curing effectiveness, pavement support, smoothness, texture (skid resistance and
splash/spray potential), and noise potential. The intelligent paving system could allow contractors and
inspectors to make adjustments on-the-fly to improve future pavement performance and increase pay
factors or performance-based incentives.

Tasks: 1. Identify models that have been shown to predict concrete pavement performance based
on construction variables.

2. ldentify sensing equipment that could be incorporated into the intelligent paving
system.

3. Integrate sensors/equipment and modelsinto the intelligent paving system.
4. Validate the intelligent paving system on actual paving projects.

5. Develop recommendation for deploying the intelligent paving system.

Benefits: An integrated intelligent paving system that will predict future pavement performance
during the construction process, allowing contractors and owner-agencies to adjust the
paving process on the fly to achieve the pavement performance requirements; high-
quality concrete pavements that will achieve the intended 30-, 40-, or 50-year (or more)
design life.

Products: An integrated intelligent paving system to predict future pavement performance.

Implementation: Thiswork will result in an intelligent paving system that can predict future pavement
performance during construction.
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Subtrack ND 3. Nondestructive Testing and Intelligent
Control System Evaluation and Implementation

This subtrack addresses the field evaluation and implementation elements of the track.

Problem Estimated .
Products Benefits
Statement Cost
ND 3.0. Framework for ~ $150k A validated, sequenced, and detailed An effective, coordinated, and
Nondestructive Testing research framework for this subtrack. productive research program.
and Intelligent Control
Systems Evaluation and
Implementation
(Subtrack ND 3)
ND 3.1. Workshops on $1IM-$2M Workshops that provide QC field testing.  Technology transfer on QC field testing
Field Quality Control for performance-based mix designs
Testing of Concrete through workshops that are a minor
Pavement investment for owner-agencies.
ND 3.2. Workshops on $1IM-$2M Workshops on NDT equipment and Technology transfer for NDT
Nondestructive Testing evaluation. equipment and evaluation through
and Evaluation of workshops that are a minor investment
Concrete Pavements for owner-agencies.
ND 3.3. Web-Based $500k—$1M Web-based training modules and a Technology transfer for implementable
Training for continuously maintained website for new  NDT and ICS productsthat is
Implementing Concrete NDT and ICS products and technologies.  accessible to anyone with an internet-
Pavement Research ready computer.
Products
ND 3.4. Unified $1IM-$2M A concrete pavement management A unified management system for
Concrete Pavement system that includes records for concrete pavements that significantly
Management System construction, materials, performance, improves design and construction

and maintenance.

operations, with adirect link between
these factors and the observed in-
service performance and maintenance
requirements.
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Problem Statement ND 3.0. Framework for Nondestructive Testing and
Intelligent Control System Evaluation and Implementation (Subtrack
ND 3)

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)

Subtrack: Subtrack ND 3. Nondestructive Testing and Intelligent Control System Evaluation and
Implementation

Approx. Phasing: Year 1-Year 3
Estimated Cost:  $150k

Subtrack ND 3 (Nondestructive Testing and Intelligent Control System Evaluation and I mplementation)
provides a set of research problem statements that will culminate in a significantly improved state of the art
and practice. Asthe funding becomes available, an initial effort will be necessary to develop a framework
for the research to be accomplished within this subtrack.

Tasks: 1. Examine the problem statements in subtrack ND 3 (Nondestructive Testing and
Intelligent Control System Evaluation and |mplementation), modify as appropriate, and
divide them into specific, manageable contracts.

2. Arrange the contracts in a carefully sequenced plan that reflects alogical progress of
research and available funding.

3. Expand each of the broad research problem statementsincluded in the subtrack into a
detailed research plan with specific objectives, tasks, and funding recommendations.

4. Review and provide direction for the various research contracts underway to ensure
that they fulfill their objectives and allow future contracts to use their results. Guide the
additional work required if a contract fails to achieve its objectives and additional work is

necessary.
Benefits: An effective, coordinated, and productive research program.
Products: A validated, sequenced, and detailed research framework for this subtrack.

Implementation: This research will provide the organization and validation essential for the success of this
subtrack. Implementation of this problem statement will set the stage for the rest of the
problem statements in subtrack ND 3 (Nondestructive Testing and Intelligent Control
System Evaluation and I mplementation).
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Problem Statement ND 3.1. Workshops on Field Quality
Control Testing of Concrete Pavement

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)

Subtrack: Subtrack ND 3. Nondestructive Testing and Intelligent Control System Evaluation and
Implementation

Approx. Phasing: Year 4-Year 10
Estimated Cost:  $1M-$2M

Before implementing performance-based specifications, owner-agencies must recognize which tests can
monitor performance-related properties during concrete pavement construction. While new tests and
equipment are constantly being developed, transportation agencies are often slow to adopt new techniques
due to unfamiliarity with new technologies and alack of research resources. Workshops provide an
environment ideal for familiarizing and training agenciesin new tests and equipment. These workshops
will give an overall view of quality control (QC) testing in the field, with an emphasis on monitoring
performance-based properties, and introduce new tests and equipment for QC field testing.

Tasks: 1. Compile information on QC field tests and equipment, particularly for monitoring
performance-based properties.

2. Develop workshops and present material on QC field testing.

Benefits: Technology transfer on QC field testing for performance-based mix designs through
workshops that are a minor investment for owner-agencies.

Products: Workshops that provide QC field testing of concrete pavement.

Implementation: This project will result in numerous workshops on QC field testing at various venues
throughout the United States.
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Problem Statement ND 3.2. Workshops on Nondestructive Testing and
Evaluation of Concrete Pavements

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)

Subtrack: Subtrack ND 3. Nondestructive Testing and Intelligent Control System Evaluation and
Implementation

Approx. Phasing: Year 2-Year 10
Estimated Cost:  $1M-$2M

While new nondestructive tests and equipment are constantly being devel oped, transportation agencies are
often slow to adopt new techniques due to unfamiliarity with these new technologies and a lack of research
resources. Workshops provide an environment ideal for familiarizing and training agencies in new
nondestructive tests and equipment, as well as eval uation procedures for using these tests. Workshops will
be developed to provide technology transfer of concrete pavement nondestructive testing techniques.

Tasks: 1. Compile information on nondestructive tests and equipment for PCC pavement
construction.

2. Develop workshops to introduce nondestructive testing (NDT) equipment and
evaluation procedures to contractors and owner-agencies.

Benefits: Technology transfer for NDT equipment and evaluation through workshops that are a
minor investment for owner-agencies.

Products: Workshops on NDT equipment and evaluation.

Implementation: This project will result in numerous workshops on NDT equipment and eval uation
procedures at various venues throughout the United States.
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Problem Statement ND 3.3. Web-Based Training for Implementing
Concrete Pavement Research Products

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)

Subtrack: Subtrack ND 3. Nondestructive Testing and Intelligent Control System Evaluation and
Implementation

Approx. Phasing: Year 3-Year 10
Estimated Cost:  $500k—$1M

While many new products and technol ogies are developed and ready for implementation every year,
transportation agencies are often slow to adopt new products and technol ogies due to unfamiliarity with
these new technologies and alack of research resources. Workshops offer contractors and owner-agencies
the opportunity to learn about new products and technologies, but often agencies cannot afford to send
employees to workshops or may be restricted from traveling to a workshop outside the home state.
Fortunately, with web-based training, contractors, designers, and owner-agencies can explore new products
and technol ogies from any computer with internet access. On-demand web-based training can use features
such as video streaming to visually demonstrate new products and technologies.

Tasks: 1. Compile information on nondestructive testing (NDT) and intelligent construction
systems (ICS) products and technol ogies ready for implementation, including thorough
descriptions, photos, and video.

2. Develop web-based training modules for each new product or technology.

3. Create a website for accessing the training modules and maintain the website with
updates or refinements for new and existing products.

Benefits: Technology transfer for implementable NDT and ICS products that is accessible to
anyone with an internet-ready computer.

Products: Web-based training modules and a continuously maintained website for new NDT and
I CS products and technol ogies.

Implementation: This research will result in web-based training modules for new NDT and ICS products
and technologies related to concrete pavements.
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Problem Statement ND 3.4. Unified Concrete Pavement Management
System

Track: Track 3. High-Speed Nondestructive Testing and Intelligent Construction Systems (ND)

Subtrack: Subtrack ND 3. Nondestructive Testing and Intelligent Control System Evaluation and
Implementation

Approx. Phasing: Year 3-Year 10
Estimated Cost:  $1M-$2M

For concrete pavements, independent management systems currently exist for materials, construction,
performance, and maintenance. This research will combine these management systems into a unified
system, producing a database capabl e of linking the materials and construction used on a specific pavement
segment to the segment’ s observed performance. This will allow for more informed decisions to be made in
selecting optimum design and construction features.

Tasks: 1. Structure a unified concrete pavement management system that considers user needs.

2. ldentify the databases for concrete pavements currently in use and the potential links
between these databases.

3. Develop a prototype system and populate it with alimited set of data. Evaluate this
system and update it as necessary.

4. Develop and deploy the final unified concrete pavement management system.

Benefits: A unified management system for concrete pavements that significantly improves design
and construction operations, with adirect link between these factors and the observed in-
service performance and maintenance requirements.

Products: A concrete pavement management system that includes records for construction,
materials, performance, and maintenance.

Implementation: This project will result in a unified pavement management system that can be used to
improve concrete pavement design and construction practices.

Track 3 (ND) Page 147



Track 4. Optimized Surface Characteristics for Safe,
Quiet, and Smooth Concrete Pavements (SC)

B2 @ 1T OSSR
@ O o L= e 1Y TS
RESEAICIN GEPIS. ...ttt ettt ettt ettt et ettt he st et e e et ea e eheeReeE e AeeE e s e ReeReeReeE e ARt oA e b e eR et eneeReeaeeeeebeeeeaseeeneeneeneaneas
Research Challenges
RESEAICH TraCk 4 (SC) PhESiNG.......cueiveiieieeieieitiiisesieste ettt teste et et eseesestesbessesesaeseesestesbessesbesaeneesseseeaeaseabessessenseseenenseasens 155
Research Track 4 (SC) ESIMAEA COSES .......cviuiiiiiiiiiisieieieetisieste e ste et s e s beste st e sae e esestesbessesseaesseseeseasestesbessessenseseenseseasens 156
Track Organization: Subtracks and Problem StateMENTS .........cccciieiiiieieics et nre e 158
Subtrack SC 1. Concrete Pavement Texture and Friction ..........ccccovveeiiecce e 159
Problem Statement SC 1.0. Framework for Concrete Pavement Texture and Friction (Subtrack SC 1) ......cccceeveeeiviiriennne 160
Problem Statement SC 1.1. High-Speed 3D Macrotexture Assessment EQUIPMENT ..........ccoveveeiiriesieneseseeeeeeesesesiesnens 161
Problem Statement SC 1.2. In Situ 3D Microtexture ASSeSSMENt EQUIPMENE .........coevrreireierneesreenreeseeese e 162
Problem Statement SC 1.3. High-Speed 3D Microtexture Assessment EQUIPMENT ... 163
Problem Statement SC 1.4. Behind-the-Paver Texture Sensing EQUIDMENT .........cvireirreineenneeseesreeseeesesne e 164
Problem Statement SC 1.5. Multidimensional Concrete Pavement Friction ASSESSMENt .........ccooviiiirereneinene e 165
Problem Statement SC 1.6. Unified Concrete Pavement Texture and Friction MOdE ............cocveeveneennensenenenee 166
Subtrack SC 2. Concrete Pavement SMOOtNNESS.........c.cocieiieiierec et sre e e s s 167
Problem Statement SC 2.0. Framework for Concrete Pavement Smoothness (Subtrack SC 2) ........oovveiereicinicnenceee 168
Problem Statement SC 2.1. High-Speed, High-Resolution 3D Concrete Pavement Profiling...........ccooeveiereieeniniencnene 169
Problem Statement SC 2.2. Next Generation Smoothness Index Development and Specifications..........ccccevvevveeeieiiiiennens 170
Problem Statement SC 2.3. Behind-the-Paver Smoothness Sensing EQUIPMENL..........ccoiviiiireieceeccess e 171
Problem Statement SC 2.4. Design and Construction Guidelines to Improve Concrete Pavement Smoothness................... 172
Subtrack SC 3. Tire-PaVvement NOISE.......ccviiieiee e sie e sse e e ste e e s e e e e e ee e be e s te e sressaeesatesteenreesseesanesans 173
Problem Statement SC 3.0. Framework for Tire-Pavement Noise (SUBtrack SC 3) .....cccovivvirevieeeicese e 174
Problem Statement SC 3.1. Standardized Tire-Pavement NOiSE MEASUFEMENT...........ccoeeririeerieiriniersiee s 175
Problem Statement SC 3.2. Standardized Vehicle Interior NOise Measurement.............cvvveereirieenneneseiesee e 176
Problem Statement SC 3.3. Tire-Pavement NOiSe ThreShOldS........cc.eoieiiiee e 177
Problem Statement SC 3.4. Behind-the-Paver Noise Sensing EQUIPMENT ........covoiiiiernencreeeresreses s 178
Problem Statement SC 3.5. Unified Tire-Pavement Noise Model that Includes Texture and AbSOrptivity ..........ccoceeeeeenee 179
Subtrack SC 4. Other Concrete Pavement Surface CharaCteristiCs........coovvevvveeieiecceesi e 180
Problem Statement SC 4.0. Framework for Other Concrete Pavement Surface Characteristics (Subtrack SC 4)................. 181
Problem Statement SC 4.1. Splash and Spray AsSSessmMent EQUIPIMENT .........coiiiiiiii et 182
Problem Statement SC 4.2. Rolling Resistance AsSessment EQUIPMENT...........oiiioirreerese e 183
Problem Statement SC 4.3. Reflectivity/llluminance Assessment EQUIPMENT...........ooieererere e see e sese e 184
Problem Statement SC 4.4. Tire and Vehicle Wear Assessment EQUIPIMENT ..........cociierierieieieieiisesesiesie e se e sre s 185
Subtrack SC 5. Integration of Concrete Pavement Surface CharaCteristicS .......cooovvvevenieeeneniesn e 186
Problem Statement SC 5.0. Framework for Integration of Concrete Pavement Surface Characteristics (Subtrack
S O OSSR ST T SO T PST PP PO 188
Problem Statement SC 5.1. Comprehensive Concrete Pavement Surface Characteristics Field Study ........ccoeevveiieieiiennne 189
Problem Statement SC 5.2. Time Stability Evaluations of Concrete Pavement Surface CharaCteristics.......oouvvvevveiiiennne 190
Problem Statement SC 5.3. Unified Model for Concrete Pavement Texture, Friction, Noise, and Smoothness................... 191
Problem Statement SC 5.4. PCC Pavement Mix Design System Integration Stage 4: Functionally Based Mix
(1= o o SRRV 192
Problem Statement SC 5.5. Relating Pavement Surface Characteristicsto Vehicle AcCidents..........coovvereierninienicnenins 193
Subtrack SC 6. Evaluation of Products for Concrete Pavement Surface Characteristics..........ocooevvnnn. 194
Problem Statement SC 6.0. Framework for Evaluation of Products for Concrete Pavement Surface Characteristics
LS a = ol (S O ) OSSR
Problem Statement SC 6.1. Porous Concrete and Related | ssues
Problem Statement SC 6.2. Exposed Aggregate in TWO-COUISE PAVING ......cccoiiiriiiierienieeeeseee e se e sese e sseeesnessesaeas 198

Track 4 (SC) Page 149



Problem Statement SC 6.3. Engineered/Optimized Wet CONCrete TEXEUMNG .......ooveeeirerereere et see e seeesne e e 199

Problem Statement SC 6.4. Engineered/Optimized Hardened Concrete Grinding and Grooving.........c.ccoeeeeereeeeeieniesenncns 200

Problem Statement SC 6.5. Precast Pavement SUMACES...........oi ettt st s saeene s 201
Subtrack SC 7. Concrete Pavement Surface Characteristics Implementation............coeveieieinencnene. 202

Problem Statement SC 7.0. Framework for Concrete Pavement Surface Characteristics | mplementation (Subtrack

S O TS 203

Problem Statement SC 7.1. Workshops on Products to Improve Concrete Pavement Surface Characteristics..........ooovene.. 204

Problem Statement SC 7.2. Workshops on Measurement of Concrete Pavement Surface Characteristics........ooovevvevviennnne 205

Problem Statement SC 7.3. Web-Based Training for Implementing Research Products for Concrete Pavement

SUMACE CAIACIENTSHICS. ... tevireetee ettt bbb bbb e b e b st b bt e b s b e e b et b et e bt b e bt st et et e b et nb e s et 206

Page 150 Track 4 (SC)



Track 4 (SC) Overview

The FHWA and State highway agencies have learned from sophisticated opinion polling that
American drivers value the quality of their ride experience. Over the last two decades, concrete
pavement engineers have focused on improving pavement smoothness without jeopardizing
surface friction or surface drainage characteristics. This difficult but important balancing act has
led to advancements in smoothnessindices, longitudinal tining, and measurement equipment,
among other areas. However, the relationship between surface texture and surface characteristics,
aswell as concrete pavement performance, has yet to develop fully. While smoother concrete
pavements are being constructed, the relationships between texture, noise, splash and spray, and
friction require further study before widely accepted solutions become available.

In some areas of the United States, drivers and residents have demanded a quieter ride and a
quieter living experience. These demands often eliminate concrete pavement as a construction
option, and in some cases and has even led to the overlay of recently constructed concrete
pavements. In the Phoenix metropolitan area, for example, concrete pavements that have a harsh
transverse texture make up nearly all of the freeway system. Because of noise complaints, these
pavements are now being overlaid with an open-graded asphalt rubber wearing course. While this
may seem radical to some, the approach is not new. Noise has been amajor problem in some of
the most densely populated areas of Europe for over a decade. As aresult, it has impeded
concrete pavement construction there.

Most European nations now place thin asphalt-based wearing courses over their concrete
pavements immediately after construction. However, some concrete surfacing solutions have
been used successfully. These include thin, open-graded (porous) concrete wearing surfaces as
well as exposed aggregate surfaces. Textures including fine longitudinal burlap drag and diamond
grinding are also used to reduce noise.

To address noise impacts to highway abutters, FHWA regulations currently dictate the noise
mitigation efforts required, if any, for new or expanded highway facilities. To date, these
regulations have resulted in questions asking whether noise walls are necessary, and if so, what
their design should be. At the same time, automobile and tire makers have devel oped designs that
meet more stringent friction (braking) demands, while at the same time reducing interior noise.
Thetimeis quickly approaching, however, when pavement will be looked to for help in noise
reduction. Thiswill require concrete pavement engineers to take responsibility for finding
innovative materials and optimizing pavement textures.

To meet this responsibility, the concrete pavement engineer must balance smoothness, friction,
surface drainage, splash and spray, and noise to develop economical and long-lasting solutions
for concrete pavement surfaces. Any long-term solution must include research and
experimentation that examines the integration of these elementsinto an array of viable
incremental solutions. One consideration is devel oping standardized noise measurement and
analysis techniques. Pavement engineers must also better understand fundamental engineering
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properties to assess noise, friction, and smoothness, isolating better texturing options and tailoring
solutionsto location, traffic, and renewal requirements. Pavement engineers must understand the
functional and structural performance of various solutions over time, as the data from many
studies are sufficient to examine the relationshi ps between noise and the other surface
characterigtics, including pavement durability.

The issues that must be explored include devel oping various standardized measurement
techniques, understanding the tire-pavement interaction with various texturing options, predicting
the life expectancy of any solution, and identifying possible repair and rehabilitation strategies for
these pavements. Moreover, if noise criteria are ever imposed as design-build criteria, integration
with national noise mitigation standards must be considered, and rational and achievable
construction specification language must be devel oped.

The following introductory material summarizes the goal and objectives for this track and the
gaps and challenges for its research program. A phasing chart isincluded to show the
approximate sequencing of the problem statements in the track. A table of estimated costs
provides the projected cost range for each problem statement, depending on the research priorities
and scope determined in implementation. The problem statements, grouped into subtracks, then
follow.

Track Goal

A better understanding of concrete pavement surface characteristics will provide the traveling
public with concrete pavement surfaces that meet or exceed predetermined requirements for
friction/safety, tire-pavement noise, smoothness, splash and spray, light reflection, rolling
resistance, and durability (longevity).

Track Objectives

1. Develop reliable, economical, constructible, and maintainable concrete pavement surface
characteristics that meet or exceed highway user requirements for all classes of streets,
low-volume roads, highways, and specia applications.

2. Develop, field-test, and validate concrete pavement designs and construction methods
that produce consistent surface characteristics that meet or exceed highway user
requirements for friction/safety, tire-pavement noise, smoothness, splash and spray, light
reflection, rolling resistance, and durability (longevity).

3. Definethe relationship between wet-weather accident rates, pavement texture, and
friction demand levels.
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4. Determine the design materials and construction methods that produce different levels of
short- and long-term surface microtexture, macrotexture, megatexture, and unevenness.

5. Determine the relationship between pavement texture levels (microtexture, macrotexture,
megatexture, and unevenness) and surface characteristic performance levels (friction,
noise, smoothness, splash and spray, rolling resistance, and light reflectivity).

6. Evauate and develop high-speed, continuous measurement equipment and procedures for
measuring texture, friction, noise, smoothness, splash and spray, rolling resistance, and
other key surface characteristics.

7. Develop design and construction guidelines for concrete pavement surface
characteristics, protocols, guide specifications, and associated technology transfer
products.

Research Gaps

o Lack of avalidated method that defines athorough characterization of pavement friction
(wet vs. dry, tangent vs. cornering, etc.).

o Insufficient understanding of the relationship between surface texture, wet-weather
accidents, and friction demand. Threats of litigation, real or perceived, have otherwise
prevented research from being conducted.

e Lack of concrete aggregate tests that relate well to long-term texture and frictional
stability (performance).

e |Insufficient understanding of the relationship between the design/construction methods
and materials and the as-built surface texture.

e Insufficient understanding of the relationship between the as-built surface texture and the
initial and long-term functional performance.

¢ |Insufficient understanding of the relationship between the design/construction material
properties and methods and the long-term functional performance.

e Lack of amechanistic understanding of the relationships between texture and tire-
pavement noise, roadway noise, effective friction, splash, spray, and other functional
indicators.
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e Lack of understanding of unconventional texturing methods (e.g., exposed aggregate and
porous PCC).

o Lack of equipment that efficiently and accurately measures all key surface characteristics.

e Lack of standard protocols for measuring all key surface characteristics.

Research Challenges

e Identify the critical factorsin friction demand, obtain the data necessary to define and
guantify the friction demand factors, and develop a standard method for quantifying
friction demand.

e Obtain the existing and new data necessary to define relationships between wet-weather
accident rates, texture, and friction.

o Definethe material-related factors that control texture and frictional stability, identify
tests that quantify these factors, and relate test results to variations in long-term
performance.

o Obtain the aggregate, design, construction, texture, and performance data necessary to
define the rel ationships among these factors.

e Assemble acomplete set of design, construction, texture, and long-term performance
data. Add to the macrotexture data available and develop a direct, high-speed method for
measuring microtexture.

e Modd the difficult and complex relationships, deriving mechanistic or mechanistic-
empirical solutions when possible.

e Obtain test section data from long-term performance studiesin other countries,
considering inexperienced contractors constructing as-designed test section pavements.

o Develop procedures and techniques to determine optimal surface characteristics that
consider pavement/tire noise, friction, smoothness, wear out, clogging of porous surfaces,
etc.

e Develop comprehensive protocols, convincing agencies and countries of the benefits of
change.
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Research Track 4 (SC) Estimated Costs

Problem Statement

Estimated Cost

Subtrack SC 1. Concr ete Pavement Texture and Friction

SC 1.0. Framework for Concrete Pavement Texture and Friction (Subtrack SC 1) $100k—$250k
SC 1.1. High-Speed 3D Macrotexture Assessment Equipment $2M—-$5M
SC 1.2. In Situ 3D Microtexture Assessment Equipment $500k—$1M
SC 1.3. High-Speed 3D Microtexture Assessment Equipment $2M-$5M
SC 1.4. Behind-the-Paver Texture Sensing Equipment $250k—$500k
SC 1.5. Multidimensional Concrete Pavement Friction Assessment $1IM-$2M
SC 1.6. Unified Concrete Pavement Texture and Friction Model $500k—$1M

Subtrack SC 2. Concr ete Pavement Smoothness

SC 2.0. Framework for Concrete Pavement Smoothness (Subtrack SC 2)

$100k-$250k

SC 2.1. High-Speed, High-Resolution 3D Pavement Profiling $2M-$5M
SC 2.2. Next Generation Concrete Pavement Smoothness Index Development and Specifications ~ $500k—$1M
SC 2.3. Behind-the-Paver Smoothness Sensing Equipment $100k—$250k
SC 2.4. Design and Construction Guidelines to Improve Concrete Pavement Smoothness $500k—$1M

Subtrack SC 3. Tire-Pavement Noise

SC 3.0. Framework for Tire-Pavement Noise (Subtrack SC 3)

$100k-$250k

SC 3.1. Standardized Tire-Pavement Noise Measurement $1IM-$2M
SC 3.2. Standardized Vehicle Interior Noise Measurement $250k—$500k
SC 3.3. Tire-Pavement Noise Thresholds $500k—$1M
SC 3.4. Behind-the-Paver Noise Sensing Equipment $100k—$250k
SC 3.5. Unified Tire-Pavement Noise Model that Includes Texture and Absorptivity $500k—$1M
Subtrack SC 4. Other Concrete Pavement Surface Char acteristics

SC 4.0. Framework for Other Concrete Pavement Surface Characteristics (Subtrack SC 4) $100k—$250k
SC 4.1. Splash and Spray Assessment Equipment $1IM-$2M
SC 4.2. Rolling Resistance Assessment Equipment $1IM-$2M
SC 4.3. Reflectivity/llluminance Assessment Equipment $1IM-$2M
SC 4.4. Tire and Vehicle Wear Assessment Equipment $1IM-$2M

Subtrack SC 5. Integration of Concrete Pavement Surface Characteristics

SC 5.0. Framework for Integration of Concrete Pavement Surface Characteristics (Subtrack SC 5)

$100k—-$250k

SC 5.1. Comprehensive Concrete Pavement Surface Characteristics Field Study $500k—$1M

SC 5.2. Time Stability Evaluations of Concrete Pavement Surface Characteristics $500k—$1M

SC 5.3. Unified Model for Concrete Pavement Texture, Friction, Noise, and Smoothness $500k—-$1M

SC 5.4. PCC Pavement Mix Design System Integration Stage 4: Functionally Based Mix Design ~ $500k—$1M

SC 5.5. Relating Pavement Surface Characteristics to Vehicle Accidents $1IM-$2M
Subtrack SC 6. Evaluation of Products for Concrete Pavement Surface Characteristics

SC 6.0. Framework for Evaluations of Products for Concrete Pavement Surface Characteristics $100k—$250k

(Subtrack SC 6)

SC 6.1. Porous Concrete and Related Issues $1IM-$2M

SC 6.2. Exposed Aggregate in Two-Course Paving $250k—$500k
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Problem Statement

Estimated Cost

SC 6.3. Engineered/Optimized Wet Concrete Texturing $1IM-$2M
SC 6.4. Engineered/Optimized Hardened Concrete Grinding and Grooving $1IM-$2M
SC 6.5. Precast Pavement Surfaces $250k—$500k
Subtrack SC 7. Concr ete Pavement Surface Char acteristics | mplementation
S)C 7.0. Framework for Concrete pavement Surface Characteristics Implementation (Subtrack SC =~ $100k—$250k
7
SC 7.1. Workshops on Products to Improve Concrete Pavement Surface Characteristics $1IM-$2M
SC 7.2. Workshops on Measurement of Concrete Pavement Surface Characteristics $1IM-$2M
SC 7.3. Web-Based Training for Implementation of Research Products for Concrete Pavement $500k—$1M
Surface Characteristics
Track 4 (SC)
Total $25.4M—-$54.25M
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Track Organization: Subtracks and Problem Statements
Track 4 (SC) problem statements are grouped into seven subtracks:
Subtrack SC 1. Concrete Pavement Texture and Friction
Subtrack SC 2. Concrete Pavement Smoothness
Subtrack SC 3. Tire-Pavement Noise
Subtrack SC 4. Other Concrete Pavement Surface Characteristics
Subtrack SC 5. Integration of Concrete Pavement Surface Characteristics
Subtrack SC 6. Evaluation of Products for Concrete Pavement Surface Characteristics
Subtrack SC 7. Concrete Pavement Surface Characteristics Implementation

Each subtrack isintroduced by a brief summary of the subtrack’ s focus and atable listing the
titles, estimated costs, products, and benefits of each problem statement in the subtrack. The
problem statements then follow.
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Subtrack SC 1. Concrete Pavement Texture and Friction

This subtrack focuses on issues related to texture and friction properties of concrete pavements.

Problem Estimated .
Products Benefits
Statement Cost
SC 1.0. Framework for $100k—$250k A validated, sequenced, and An effective, coordinated, and
Concrete Pavement detailed research framework for  productive research program.
Texture and Friction this subtrack.
(Subtrack SC 1)
SC 1.1. High-Speed 3D  $2M-$5M Advanced, effective, high- Technology that can serve as akey
Macrotexture speed 3D macrotexture component in assessing concrete
Assessment Equipment assessment equipment with pavement macrotexture in three
standards and specificationsfor  dimensions; improved prediction of
its use. wet pavement friction.
SC 1.2. In Situ 3D $500k—$1M Advanced and effectivein-situ  Automated method for measuring
Microtexture 3D microtexture assessment concrete pavement microtexturein-
Assessment Equipment equipment with standards and situ.
specifications for its use.
SC 1.3. High-Speed 3D  $2M-$5M Advanced, effective high-speed  High-speed laser equipment that can
Microtexture 3D microtexture assessment measure concrete pavement
Assessment Equipment equipment with standards and microtexture at highway speeds.
specifications for its use.
SC 1.4. Behind-the- $250k—$500k Advanced, effective behind-the-  Technology that can serve as akey
Paver Texture Sensing paver texture sensing component for measuring concrete
Equipment equipment with standards and pavement texture behind the paver;
specifications for its use. minimized instances of over- and
under-texturing.
SC 15. $1IM—-$2M Effective methods for Advancements in concrete pavement
Multidimensional multidimensional friction friction assessment that use
Concrete Pavement assessment with their respective  multidimensional models.
Friction Assessment standards and specifications.
SC 1.6. Unified $500k—$1M A model that relates and A model that advances the process of
Concrete Pavement integrates texture and friction texture selection asit relates to

Texture and Friction
Model

characterization.

friction, allowing for better prediction
of friction resulting from texturing
methods.

Track 4 (SC)
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Problem Statement SC 1.0. Framework for Concrete Pavement Texture
and Friction (Subtrack SC 1)

Track: Track 4. Optimized Surface Characteristics for Safe, Quiet, and Smooth Concrete
Pavements (SC)
Subtrack: Subtrack SC 1. Concrete Pavement Texture and Friction

Approx. Phasing: Year 1-Year 3
Estimated Cost:  $100k—$250k

Subtrack SC 1 (Texture and Friction) provides a set of research problem statements that will culminatein a
significantly improved state of the art and practice. As the funding becomes available, an initial effort will
be necessary to develop aframework for the research to be accomplished within this subtrack.

Tasks: 1. Examine the problem statements in subtrack SC 1 (Texture and Friction), modify as
appropriate, and divide them into specific, manageable contracts.

2. Arrange the contracts in a carefully sequenced plan that reflectsalogical progress of
research and available funding.

3. Expand each of the broad research problem statementsincluded in the subtrack into a
detailed research plan with specific objectives, tasks, and funding recommendations.

4. Review and provide direction for the various research contracts underway to ensure
that they fulfill their objectives and allow future contracts to use their results. Guide the
additional work required if a contract fails to achieve its objectives and additional work is

necessary.
Benefits: An effective, coordinated, and productive research program.
Products: A validated, sequenced, and detailed research framework for this subtrack.

Implementation: This research will provide the organization and validation essential for the success of this
subtrack. Implementation of this problem statement will set the stage for the rest of the
problem statementsin subtrack SC 1 (Texture and Friction).
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Problem Statement SC 1.1. High-Speed 3D Macrotexture Assessment

Equipment
Track:

Subtrack:

Track 4. Optimized Surface Characteristics for Safe, Quiet, and Smooth Concrete
Pavements (SC)

Subtrack SC 1. Concrete Pavement Texture and Friction

Approx. Phasing: Year 2-Year 5

Estimated Cost:

$2M—-$5M (including $500k matching funds)

M easuring pavement macrotexture has been a common practice in Europe for many years. In the United
States, the important role that pavement macrotexture plays in providing adequate surface friction is
increasingly being recognized. Recent research indicates that the mean profile depth (MPD) parameter best
describes macrotexture to predict wet pavement friction. One way of measuring MPD is to use high-speed,
vehicle-mounted, laser-based measuring devices, such as the Road Surface Analyzer. The research in this
problem statement will build off advancements such as this to develop effective, high-speed macrotexture
assessment equipment that can scan a pavement surface in three dimensions, giving a picture of both
longitudinal and transverse variation in macrotexture.

Tasks:

Benefits:

Products:

I mplementation:

Track 4 (SC)

1. Synthesize related work and conduct a preliminary investigation to determine the best
methods for quantifying macrotexture. Confirm that measuring macrotexture will
advance the industry and meet the goals for track 4.

2. ldentify available high-speed 3D laser equipment options.

3. Analyze the equipment for accuracy, precision, and ease of use.

4. ldentify the most effective equipment based on cost, technological maturity, and the
results of the above analyses, improving this equipment or developing new equipment as

needed.

5. Develop standards and specifications on the proper use of the equipment for assessing
macrotexture.

Technology that can serve as a key component in assessing concrete pavement
macrotexture in three dimensions; improved prediction of wet pavement friction.

Advanced, effective, high-speed 3D macrotexture assessment equipment with standards
and specifications for its use.

The research in this problem statement will be closely coordinated with research done
under problem statement SC 2.1 (High-Speed, High Resolution 3D Pavement Profiling).
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Problem Statement SC 1.2. In Situ 3D Microtexture Assessment
Equipment

Track: Track 4. Optimized Surface Characteristics for Safe, Quiet, and Smooth Concrete
Pavements (SC)
Subtrack: Subtrack SC 1. Concrete Pavement Texture and Friction

Approx. Phasing: Year 4-Year 7
Estimated Cost:  $500k—$1M (including $100k matching funds)

Microtexture refers to fine-scale pavement roughness, much finer than macrotexture, largely determined by
the fine aggregate in concrete mortar. Measuring concrete pavement microtexture is commonly donein the
laboratory or estimated in the field using friction measurements. However, because of the fine resolution
necessary, no automated method for measuring microtexture in situ exists, much less at highway speeds.
Theresearch in this problem statement will devel op effective 3D microtexture assessment equipment that
can be used in-situ (static).

Tasks: 1. Synthesize related work and conduct a preliminary investigation to determine the best
methods for quantifying microtexture in-situ. Confirm that measuring microtexture in this
way will advance the industry and meet the goals for track 4.
2. ldentify available options for in-situ 3D microtexture assessment equipment.
3. Analyze the equipment for accuracy, precision, and ease of use.
4. ldentify the most effective equipment based on cost, technological maturity, and the
results of the above analyses, improving this equipment or developing new equipment as
needed.

5. Develop standards and specifications on the proper equipment use for assessing
microtexture.

Benefits: Automated method for measuring concrete pavement microtexture in-situ.

Products: Advanced and effective in-situ 3D microtexture assessment equipment with standards
and specifications for its use.

Implementation: The technology identified in this problem statement can serve as a key component to
assess concrete pavement microtexture in-situ.
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Problem Statement SC 1.3. High-Speed 3D Microtexture Assessment
Equipment

Track: Track 4. Optimized Surface Characteristics for Safe, Quiet, and Smooth Concrete
Pavements (SC)
Subtrack: Subtrack SC 1. Concrete Pavement Texture and Friction

Approx. Phasing: Year 7-Year 10
Estimated Cost:  $2M—-$5M (including $500k matching funds)

No automated method for measuring concrete pavement microtexture at highway speeds currently exists.
However, high-speed 3D laser equipment is expected to be available for measuring macrotexture at
highway speeds. This technology can be adapted and improved (i.e., by increasing laser and computer
processing power) to measure concrete pavement microtexture similarly at highway speeds. Theresearchin
this problem statement will develop this effective, high-speed 3D microtexture assessment equipment.

Tasks: 1. Synthesize related work and conduct a preliminary investigation to determine the best
methods for quantifying microtexture. Confirm that the high-speed measurement of
microtexture will advance the industry and meet the goal s for track 4.

2. ldentify the most effective high-speed laser equipment options for measuring concrete
pavement microtexture and macrotexture, referring to problem statements SC 1.1 (High-
Speed 3D Macrotexture Assessment Equipment) and SC 1.2 (In Situ 3D Microtexture
Assessment Equipment).

3. Madify the equipment or develop additional equipment to measure concrete pavement
microtexture at highway speeds.

4. Develop standards and specifications on the proper use of the equipment for assessing
microtexture.

Benefits: High-speed laser equipment that can measure concrete pavement microtexture at highway
speeds.
Products: Advanced, effective high-speed 3D microtexture assessment egquipment with standards

and specifications for its use.

Implementation: The technology identified in this problem statement can serve as a key component in the
high-speed assessment of concrete pavement microtexture.
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Problem Statement SC 1.4. Behind-the-Paver Texture Sensing
Equipment

Track: Track 4. Optimized Surface Characteristics for Safe, Quiet, and Smooth Concrete
Pavements (SC)
Subtrack: Subtrack SC 1. Concrete Pavement Texture and Friction

Approx. Phasing: Year 5-Year 10
Estimated Cost:  $250k—$500k

Numerous techniques indicate texture in plastic PCC pavements. However, current techniques are methods-
based. And while the as-built texture is clearly important, texture is rarely verified due to alack of testing
equipment and expertise. Ideally, texture should be verified in-situ and in real time as the paver (texturer)
moves. Texture could thus be adjusted in real time, and over- or under-texturing could be minimized. The
research in this problem statement will develop effective behind-the-paver equipment that measures
concrete pavement texture during placement.

Tasks: 1. Identify available behind-the-paver texture sensing equipment or equipment
components.

2. Analyze the equipment for accuracy, precision, and ease of use.

3. ldentify the most effective equipment based on cost, maturity, and the results of the
above analyses, improving this equipment or devel oping new equipment as needed.

4. Develop standards and specifications for properly using the equipment to measure
concrete pavement texture.

Benefits: Technology that can serve as a key component for measuring concrete pavement texture
behind the paver; minimized instances of over- and under-texturing.

Products: Advanced, effective behind-the-paver texture sensing equipment with standards and
specifications for its use.

Implementation: The research in this problem statement will be closely coordinated with problem
statement ND 2.10 (Concrete Pavement Texture [Skid Resistance, Splash/Spray]
Sensing).
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Problem Statement SC 1.5. Multidimensional Concrete Pavement
Friction Assessment

Track: Track 4. Optimized Surface Characteristics for Safe, Quiet, and Smooth Concrete
Pavements (SC)
Subtrack: Subtrack SC 1. Concrete Pavement Texture and Friction

Approx. Phasing: Year 3-Year 7
Estimated Cost:  $1M-$2M (including $200k matching funds)

Roadway friction is a complex parameter. First, it is commonly assessed longitudinally along the direction
of travel, essential for determining vehicle stopping distances. However, this assessment does not address
situations in which vehicles slide sideways or diagonally into adjacent lanes, particularly while traversing
horizontal curves. Furthermore, friction varies with the presence of water or other |ubricating substances on
the roadway. The research in this problem statement will capture these and other variables by developing a
more effective method for multidimensional friction assessment.

Tasks: 1. Synthesize related work and conduct a preliminary investigation to determine the best
methods for quantifying friction. Confirm that more sophisticated friction measurement
will advance the industry and meet the goals for track 4.

2. ldentify and analyze existing methods of friction assessment.

3. Develop additional methods as needed to allow for multidimensional friction
assessment.

4. Develop standards and specifications to ensure proper procedures are followed for the
respective methods.

Benefits: Advancementsin concrete pavement friction assessment that use multidimensional
models.
Products: Effective methods for multidimensional friction assessment with their respective

standards and specifications.

Implementation: The research in this problem statement will advance concrete pavement friction
assessment.
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Problem Statement SC 1.6. Unified Concrete Pavement Texture and
Friction Model

Track: Track 4. Optimized Surface Characteristics for Safe, Quiet, and Smooth Concrete
Pavements (SC)
Subtrack: Subtrack SC 1. Concrete Pavement Texture and Friction

Approx. Phasing: Year 2-Year 5
Estimated Cost:  $500k—$1M

Significant research demonstrates the sensitivity of friction to texture in various wavel ength ranges and
explains the fundamental mechanisms involved. However, little systematic information currently explains
the sensitivity of friction to the specific dimensions of each type of texture, including directionality and
variables such as aggregate size or channel width and depth. The research in this problem statement will
develop amodel to relate and integrate texture and friction.

Tasks: 1. Identify and analyze widely used texturing methods.
2. Analyze the respective relationships between these methods and pavement friction,
tying this characterization to the research done under SC 1.5 (Multidimensional Concrete
Pavement Friction Assessment) as necessary.

3. Develop preliminary models to relate and integrate texture and friction.

4. Adjust the models as necessary and develop afinal model to relate and integrate
texture and friction.

Benefits: A model that advances the process of texture selection asit relates to friction, allowing
for better prediction of friction resulting from texturing methods.

Products: A model that relates and integrates texture and friction characterization.

Implementation: The research in this problem statement will advance texture selection asit relatesto
friction.
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Subtrack SC 2. Concrete Pavement Smoothness

This subtrack focuses on issues related to concrete pavement smoothness.

Problem . .
Estimated Cost Products Benefits
Statement
SC 2.0. Framework for $100k—$250k A validated, sequenced, and An effective, coordinated,
Concrete Pavement detailed research framework and productive research
Smoothness (Subtrack SC for this subtrack. program.
2)
SC 2.1. High-Speed, $2M—$5M Effective methods for high- Pavement profiling
High-Resolution 3D speed, high-resolution 3D methods that advance
Pavement Profiling pavement profiling and their concrete pavement
respective standards and structure profiling.
specifications.
SC 2.2. Next Generation ~ $500k—$1M Recommended refinements to Methods and
Smoothness Index AASHTO provisional specifications that advance
Development and standards for pavement the construction and
Specifications profiling and ride quality. evaluation of pavement
smoothness, ultimately
enhancing ride quality for
the traveling public.
SC 2.3. Behind-the-Paver ~ $100k—$250k Advanced, effective behind- Behind-the-paver
Smoothness Sensing the-paver smoothness sensing technology that servesasa
Equipment equipment with standards and key component in sensing
specifications for its use. pavement smoothness,
providing rea-time
information that can
immediately correct
paving operations.
SC 2.4. Design and $500k—$1M Comprehensive and accurate Guidelines that advance

Construction Guidelines
to Improve Concrete
Pavement Smoothness

guidelinesin design and
construction that assist
stakeholders in improving
concrete pavement smoothness.

design and construction
practices to achieve
smooth concrete
pavements.

Track 4 (SC)
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Problem Statement SC 2.0. Framework for Concrete Pavement
Smoothness (Subtrack SC 2)

Track: Track 4. Optimized Surface Characteristics for Safe, Quiet, and Smooth Concrete
Pavements (SC)
Subtrack: Subtrack SC 2. Concrete Pavement Smoothness

Approx. Phasing: Year 1-Year 3
Estimated Cost:  $100k—$250k

Subtrack SC 2 (Smoothness) provides a set of research problem statements that will culminatein a
significantly improved state of the art and practice. Asthe funding becomes available, aninitial effort will
be necessary to develop aframework for the research to be accomplished within this subtrack.

Tasks: 1. Examine the problem statements in subtrack SC 2 (Smoothness), modify as
appropriate, and divide them into specific, manageable contracts.

2. Arrange the contracts in a carefully sequenced plan that reflectsalogical progress of
research and available funding.

3. Expand each of the broad research problem statementsincluded in the subtrack into a
detailed research plan with specific objectives, tasks, and funding recommendations.

4. Review and provide direction for the various research contracts underway to ensure
that they fulfill their objectives and allow future contracts to use their results. Guide the
additional work required if a contract fails to achieve its objectives and additional work is

necessary.
Benefits: An effective, coordinated, and productive research program.
Products: A validated, sequenced, and detailed research framework for this subtrack.

Implementation: This research will provide the organization and validation essential for the success of this
subtrack. Implementation of this problem statement will set the stage for the rest of the
problem statements in subtrack SC 2 (Smoothness).
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Problem Statement SC 2.1. High-Speed, High-Resolution 3D Concrete
Pavement Profiling

Track: Track 4. Optimized Surface Characteristics for Safe, Quiet, and Smooth Concrete
Pavements (SC)
Subtrack: Subtrack SC 2. Concrete Pavement Smoothness

Approx. Phasing: Year 2-Year 5
Estimated Cost:  $2M—-$5M (including $500k matching funds)

Current concrete pavement profiling technology commonly differentiates two categories of profiles: lateral
and longitudinal. Lateral profiles alow for an assessment of rutting (e.g., from studded tire damage),
superelevation of the road design, and other damage. More commonly analyzed are longitudinal profiles,
which illustrate concrete pavement roughness and some forms of texture. While combining these two
profiles can be beneficial, such combinations are rare because piecing the two together is laborious and the
resulting complete profile is often questionable. Ideal concrete pavement profiles would include methods
for 3D measurement, which allow pavement distresses and directional featuresin the pavement surface to
be readily detected and quantified. The research in this problem statement will develop effective methods
for high-speed, high-resolution 3D pavement profiling.

Tasks: 1. Synthesize related work and conduct a preliminary investigation to determine the best
methods for profiling concrete pavements. Confirm that more sophisticated pavement
profiling techniques will advance the industry and meet the goals for track 4.
2. ldentify and analyze existing methods for 3D pavement profiling.

3. Develop additional methods as needed for higher speed and higher resolution
performance.

4. Develop standards and specifications to ensure proper procedures are followed for the
respective methods.

Benefits: Pavement profiling methods that advance concrete pavement structure profiling.

Products: Effective methods for high-speed, high-resolution 3D pavement profiling and their
respective standards and specifications.

Implementation: The research in this problem statement will be closely coordinated with problem
statement SC 1.1 (High-Speed 3D Macrotexture Assessment Equipment).
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Problem Statement SC 2.2. Next Generation Smoothness Index
Development and Specifications

Track: Track 4. Optimized Surface Characteristics for Safe, Quiet, and Smooth Concrete
Pavements (SC)
Subtrack: Subtrack SC 2. Concrete Pavement Smoothness

Approx. Phasing: Year 5-Year 8
Estimated Cost:  $500k—$1M

Four AASHTO provisional standards exist for assessing concrete pavement smoothness. These standards
provide an excellent resource for implementing a smoothness quality assurance program, but must be
reviewed and revised continuously as moreis learned about pavement smoothness measurement and
interpretation. Research is needed in various aspects of pavement smoothness to ensure that these
specifications continue to provide smooth pavements. The research in this problem statement will seek to
refine the AASHTO standards based on the results of research and development efforts both currently
underway and conducted under this and other research programs.

Tasks: 1. Identify and analyze accurate and repeatable profiling methods and smoothness
metrics. These should be as relevant as possible to the comfort of vehicle occupants.

2. Changes to the profiling specifications as needed. Suggested methods must provide
relevant, understandable output and minimize the sensitivity of the processto
measurement errors.

3. Suggest refinements to the specifications for smoothness pay factors, rationalizing the
factors based on the costs involved with ride quality degradation.

4. Advance these specification refinementsto AASHTO for consideration only after
formal peer review.

Benefits: M ethods and specifications that advance the construction and evaluation of pavement
smoothness, ultimately enhancing ride quality for the traveling public.

Products: Recommended refinements to AASHTO provisional standards for pavement profiling
and ride quality.

Implementation: The research in this problem statement will refine AASHTO provisional standards for
assessing concrete pavement smoothness, thus advancing the construction and evaluation
of concrete pavements.
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Problem Statement SC 2.3. Behind-the-Paver Smoothness Sensing
Equipment

Track: Track 4. Optimized Surface Characteristics for Safe, Quiet, and Smooth Concrete
Pavements (SC)
Subtrack: Subtrack SC 2. Concrete Pavement Smoothness

Approx. Phasing: Year 3-Year 6
Estimated Cost:  $100k—$250k

Concrete pavement smoothnessis usually assessed after the pavement has gained enough strength for
pavement profilers to traverse the surface without damage. In this scenario, a pavement that does not mest
the minimum required smoothness level would require costly remedial methods or, worse, rejection of the
pavement. The frequency of these consequential actions can be minimized if pavement smoothnessis
assessed during paving. The smoothness level would thus be reported to interested parties while the
concreteis still plastic. The research in this problem statement will develop effective and advanced behind-
the-paver smoothness sensing equipment capable of assessing pavement smoothness during paving.

Tasks: 1. Identify available behind-the-paver smoothness sensing equipment.
2. Analyze the equipment for accuracy, precision, and ease of use.
3. ldentify the most effective equipment based on cost, technological maturity, and the
results of the above analyses, improving this equipment or developing new equipment as

needed.

4. Develop standards and specifications on the proper use of the equipment for sensing
pavement smoothness.

Benefits: Behind-the-paver technology that serves as a key component in sensing pavement
smoothness, providing real-time information that can immediately correct paving
operations.

Products: Advanced, effective behind-the-paver smoothness sensing equipment with standards and

specifications for its use.

Implementation: The research in this problem statement will be closely coordinated with problem
statement ND 2.9 (Concrete Pavement Smoothness Sensing).
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Problem Statement SC 2.4. Design and Construction Guidelines to
Improve Concrete Pavement Smoothness

Track: Track 4. Optimized Surface Characteristics for Safe, Quiet, and Smooth Concrete
Pavements (SC)
Subtrack: Subtrack SC 2. Concrete Pavement Smoothness

Approx. Phasing: Year 2-Year 4
Estimated Cost:  $500k—$1M

Strong evidence supports the hypothesis that pavements that are smooth when built remain smooth longer
than pavementsthat are initially rough. To provide smooth pavements, most State highway agencies have
implemented smoothness specifications that offer incentives for very smooth pavements and impose
penalties for unacceptably rough pavements. However, little specific guidance assists contractorsin
improving smoothness during pavement construction. Similarly, little guidanceis provided to pavement
designers to achieve smoothness goals. The research in this problem statement will develop such guidance,
synthesizing ongoing work in this area.

Tasks: 1. Develop aninitial draft of smoothness guidelines by synthesizing existing best
practices for design and construction of smooth concrete pavements.

2. Vadlidate the draft guidelines by contacting agencies to identify recently constructed
pavements of varying smoothness levels. Assess the ways in which the pavements were
designed and built and determine whether the draft guidelines remain valid under the
varying situations.

3. Based on this validation, identify the need for additional (possibly structured) test
sections to assist in refining the guidelines. Execute this validation work if necessary.

4. Develop afinal set of design and construction guidelines to improve concrete
pavement smoothness.

Benefits: Guidelines that advance design and construction practices to achieve smooth concrete
pavements.
Products: Comprehensive and accurate guidelines in design and construction that assist

stakeholders in improving concrete pavement smoothness.

Implementation: The research in this problem statement will result in guidelines for achieving pavement
smoothness goals.
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Subtrack SC 3. Tire-Pavement Noise

This subtrack focuses on issues related to tire-pavement noise generation, propagation, and
mitigation related to concrete pavements.

Problem Estimated .
Products Benefits
Statement Cost
SC 3.0. Framework for ~ $100k—$250k A validated, sequenced, and detailed An effective, coordinated,
Tire-Pavement Noise research framework for this subtrack. and productive research
(Subtrack SC 3) program.
SC 3.1. Standardized $1IM-$2M A standardized method or combination Methods that advance the
Tire-Pavement Noise of methods for measuring tire-pavement  industry by allowing for a
M easurement noise. comparison of tire-
pavement noise
measurements made using
different testing methods.
SC 3.2. Standardized $250k—$500k A standardized method for measuring A method that advances
Vehicle Interior Noise interior vehicle noise. procedures for measuring
M easurement vehicle interior noise,
allowing for more rationa
decisions to be made about
the influence of tire-
pavement noise on the
traveling public.
SC 3.3. Tire-Pavement ~ $500k—$1M A report defining tire-pavement noise Identified thresholds that
Noise Thresholds thresholds that can be used to optimize advance the concrete
concrete pavement surface pavement industry by
characterigtics. allowing for rationa
methods for designing and
constructing concrete
pavements with have both
acceptable friction
characteristics and tire-
pavement noise
characteristics.
SC 3.4. Behind-the- $100k—$250k Advanced and effective equipment to Technology that serves as a
Paver Noise Sensing measure concrete pavement noise and key component in sensing
Equipment related surface characteristics behind- concrete pavement noise
the-paver; standards and specifications and surface texture behind-
for using the equipment. the-paver.
SC 3.5. Unified Tire- $500k—$1M A sophisticated model for predictingtiree  Modelsthat predict tire-

Pavement Noise Model
that Includes Texture
and Absorptivity

pavement noise as a function of concrete
pavement texture and other physical
properties.

pavement noise as a
function of its relationship
to texture, materias
characteristics, and other
pavement features; a
rational approach to
predicting tire-pavement
noise.

Track 4 (SC)

Page 173



Problem Statement SC 3.0. Framework for Tire-Pavement Noise
(Subtrack SC 3)

Track: Track 4. Optimized Surface Characteristics for Safe, Quiet, and Smooth Concrete
Pavements (SC)
Subtrack: Subtrack SC 3. Tire-Pavement Noise

Approx. Phasing: Year 1-Year 3
Estimated Cost:  $100k—$250k

Subtrack SC 3 (Tire-Pavement Noise) provides a set of research problem statements that will culminatein a
significantly improved state of the art and practice. Asthe funding becomes available, an initial effort will
be necessary to develop aframework for the research to be accomplished within this subtrack.

Tasks: 1. Examine the problem statements in subtrack SC 3 (Tire-Pavement Noise), modify as
appropriate, and divide them into specific, manageable contracts.

2. Arrange the contracts in a carefully sequenced plan that reflectsalogical progress of
research and available funding.

3. Expand each of the broad research problem statementsincluded in the subtrack into a
detailed research plan with specific objectives, tasks, and funding recommendations.

4. Review and provide direction for the various research contracts underway to ensure
that they fulfill their objectives and allow future contracts to use their results. Guide the
additional work required if a contract fails to achieve its objectives and additional work is

necessary.
Benefits: An effective, coordinated, and productive research program.
Products: A validated, sequenced, and detailed research framework for this subtrack.

Implementation: This research will provide the organization and validation essential for the success of this
subtrack. Implementation of this problem statement will set the stage for the rest of the
problem statementsin subtrack SC 3 (Tire-Pavement Noise).
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Problem Statement SC 3.1. Standardized Tire-Pavement Noise
Measurement

Track: Track 4. Optimized Surface Characteristics for Safe, Quiet, and Smooth Concrete
Pavements (SC)
Subtrack: Subtrack SC 3. Tire-Pavement Noise

Approx. Phasing: Year 3-Year 6
Estimated Cost:  $1M-$2M (including $100k matching funds)

Several methods currently measure both vehicle and tire-pavement noise. Traditionaly, traffic noiseis
measured using wayside measures such as statistical pass-by testing, which samples passing vehicles at the
roadside, classifying their noise emission by the type of vehicle. Another wayside method, termed
controlled pass-by, uses a known (test) vehicle with known tire properties that passes a fixed microphone.
This method allows for a detailed assessment of noise generation because many of the dependent variables
are known or controlled. In recent years, an aternative classification of noise measurement called close
proximity or near-field testing has become more common. In these methods, various microphones are
mounted to atest vehicle near the tire-pavement contact patch. These methods seek to isolate the noise
generated at the contact patch from other sources. However, since the pass-by and close-proximity methods
do not measure the same noi se sources, no simple relationship between them is evident. Furthermore, each
variant within these two testing categories results in a different measurement, making comparison between
the various methods even more difficult. Because of these compatibility issues, as well as the impact that
tire-pavement noise is making on policy in Europe and now in the United States, the research in this
problem statement will develop standardized methods for measuring and comparing tire-pavement noise.

Tasks: 1. Identify and synthesize various accepted methods of measuring vehicle noise,
particularly those that isolate tire-pavement noise.

2. Conduct a preliminary investigation to determine the best methods for quantifying tire-
pavement noise. Confirm that measuring tire-pavement noise will advance the industry
and meet the goals for track 4.

3. ldentify decision making criteria for a standard method selection and prioritize the
available methods. Where applicable, recommend variations of existing test methods or
combinations of test methods. If necessary, develop new methods that can be tested in the
field.

4. Develop afinal recommended method or combination of methods for measuring tire-
pavement noise.

5. Develop standards and specifications to ensure that proper procedures are followed
when the recommended methods are used.

Benefits: Methods that advance the industry by allowing for a comparison of tire-pavement noise
measurements made using different testing methods.

Products: A standardized method or combination of methods for measuring tire-pavement noise.

Implementation: The research in this problem statement will develop standardized methods for measuring
tire-pavement noise.
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Problem Statement SC 3.2. Standardized Vehicle Interior Noise
Measurement

Track: Track 4. Optimized Surface Characteristics for Safe, Quiet, and Smooth Concrete
Pavements (SC)
Subtrack: Subtrack SC 3. Tire-Pavement Noise

Approx. Phasing: Year 5-Year 8
Estimated Cost:  $250k—$500k (including $50k matching funds)

Recent research has found that objectionable vehicle interior noise is more identified with tonal quality
(specific frequencies) rather than total noise level. This objectionable tonal quality primarily results from
spikesin sound pressures at discrete frequencies, commonly generated by repeating patterns in pavement
texture, such astransverse tining or even low frequency chatter. In order to better understand these
phenomena, standardized interior noise eval uation procedures are required. Previous research revealed that
subjective noise ratings of subjectsin test vehicles on different surface textures do not correspond with the
objective total noise measurements taken outside the vehicle. Therefore, to further explore these gaps, the
research in this problem statement will develop a standardized method for measuring vehicle interior noise.

Tasks: 1. Identify and analyze accepted and prospective methods of measuring vehicle interior
noise.

2. Conduct a preliminary investigation to determine the best methods for measuring
interior vehicle noise. Confirm that more sophisticated noise measurement techniques
will advance the industry and meet the goals for track 4.

3. After comparing the 