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Two new projects began in 2000:

PROJECt 202,
“Evaluation of Superpave Flat and Elongated

Aggregate Specifications,” and 

PROJECT 203, 
“Evaluation of Aggregate Characteristics Affecting
Hot-Mix Asphalt Concrete (HMA) Performance.” 

These projects are described later in this report.
In addition, at their fall meetings, the ICAR and

AFTRE Boards approved another, 

PROJECT 302,
“Verification and Implementation of Improved

ASR Test and Mitigation Methods,”
which will begin during 2001. 

Task Force Seven completed its draft of the fric-
tional properties of aggregates used in pavement
surfaces problem statement. We have incorporated
review comments from Federal Highway
Administration (FHWA) reviewers, as well. The
project will be submitted to the state DOTs by the
FHWA in 2001 as a possible pooled-funds study.

Four projects concluded their testing and
analysis phases this year. Two very important
phases, reporting and information transfer, are in
full swing. Final technical reports are under review
by the advisory panels for each effort, and presen-
tations based on their findings have been made at
the Transportation Research Board annual
meeting, the ICAR symposium, American Society
for Testing and Materials meetings, AASHTO
Subcommittee on Materials meeting, sessions with
five DOTs, industry association meetings, and inter-
national conferences in Canada, Australia, and
France.

I C A R ’ s  process for developing research topics
continues to benefit from the growing involvement
of representatives from industry, government, 
and academia.

The projects are described later in this report:

ICAR 502,
“Structural Considerations of Unbound Aggregate

Pavement Layers for Mechanistic Design”

ICAR 201,
“Evaluation of Superpave
Aggregate Specifications”

ICAR 102, 
“Guidelines for Using Higher Contents of
Microfines in Portland Cement Concrete”

ICAR 301, 
“Alkali-Silica Reaction in

Portland Cement Concrete”

Also in this report is a description of the 8th

annual symposium, which we held in Denver, April
11-14, 2000. I am very pleased to note our
increasing participation from state DOTs and
federal agencies. The success of the Denver sympo-
sium has encouraged us to alternate future
symposia sites between Austin and other locations
around the country.
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J
ointly operated by The University of Texas at
Austin (UT) and Texas A&M University at
College Station (TAMU), ICAR serves the

industry as a forum for research and discussion
where aggregates stakeholders can seek answers to
industry concerns. In addition, the Center provides
the industry with the knowledge to put the latest
aggregates technology into practice. Most impor-
tantly, ICAR is the voice of the aggregates industry
in the research community and serves as a facili-
tator for determining the most effective use of
aggregates in design, specification, and construction.

Through symposia, newsletters, and  research
reports and summaries, ICAR puts the most up-to-
date technology into the hands of private industry
and state and federal agencies, ensuring that aggre-
gates resources are used in the most efficient and

e c o n o m i c a l
manner. The
Center was estab-
lished in 1992 by
the Aggregates
Foundation for
T e c h n o l o g y ,
Research, and
E d u c a t i o n
( A F T R E ) .

Financial support comes primarily from the
interest generated by an AFTRE endowment;
contributions from the National Stone, Sand, and
Gravel Association (NSSGA, formerly the National
Stone Association - National Aggregates
Association), and their member companies; and
funds from UT and TAMU. The Center also actively
seeks additional funding for research projects.
Total endowments to date amount to more than $5
million. 

Our process for identifying research require-
ments seeks to gather input from a wide range of
sources: we ask the aggregates industry; govern-
ment agencies; members of ICAR’s eight Task
Forces; the ICAR and AFTRE Boards; the NSSGA;
and researchers to submit problem statements at
any time. The statements are then prioritized by
ICAR’s Technical Advisory Committee. Next, the
ICAR Board submits its funding recommendations
to the AFTRE Board for final approval.
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to develop undergraduate & graduate engineering
courses & continuing education & training

programs on aggregate topics; 

to conduct scientific and technical research
related to aggregates;

to establish a central information clearinghouse
on aggregates technology;

to provide technology transfer to translate
research results into practice, thus facilitating

implementation of such results;

to cooperate and do cooperative aggregate
research with other universities 

when appropriate;

to establish appropriate business school or
marketing input to improve the application of

programs and results in the construction industry.
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THE CENTER’S MISSION IS THREEFOLD,

ENCOMPASSING

RESEARCH, 

EDUCATION,

& INFORMATION EXCHANGE:
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CAR receives funding from three major sources.
The interest from the AFTRE endowment
accounts for the majority of ICAR’s funding and

is used to pay administrative costs. This year the
Center received over $300,000 from the endow-
ment to fund operations at the two universities.

About one-third of the money from the AFTRE
endowment goes to pay overhead at both universi-
ties. This includes the cost of space, utilities,
security, and other university support services. The
remainder pays for travel, salaries, development
and printing of communications materials, and
other operating costs. In addition, selected research
projects are funded directly by AFTRE.

A second source of funding is individual compa-
nies and members of the National Stone, Sand, and
Gravel Association (NSSGA) that contribute to ICAR
as a nonprofit organization dedicated to raising
awareness of the aggregates industry. Lastly, the
two universities contribute some funds to help
defray operating costs for the Center.

Much of the research that ICAR performs is co-
sponsored with other state, government, or private
agencies. AFTRE recently entered into a cooperative
agreement with the Federal Highway
Administration (FHWA) that allows FHWA to 

3

initiate projects directly with ICAR and AFTRE. By
leveraging combined funding from sources such as
the FHWA agreement, ICAR serves the interests of
all its sponsors while giving them more imple-
mentable results for their research dollars.

Furthermore, ICAR has become increasingly
visible in the aggregates industry. Through repre-
sentation on nearly all of the major aggregates
committees and professional associations, the
Center has gained recognition as a leader in the
aggregates industry. Also, because The University 

of Texas at Austin and
Texas A&M

University
are two
of the
m o s t
h i g h l y

r a n k e d
e n g i n e e r i n g

universities in the world,
ICAR maintains the reputation as the leading source
for research on aggregates-related technology and
problem-solving. ICAR enjoys access to the
resources of academia, such as a knowledgeable
staff, first-rate facilities, and talented graduate
students, while staying sharply focused on industry needs.

As leaders in their fields, ICAR researchers are
called upon by industry and federal and state agen-
cies to share their expertise through presentations,
workshops, and seminars. In addition, ICAR’s
annual symposium, considered the most important
conference in the industry, allows professionals to
discuss relevant issues and hear presentations on
cutting-edge aggregates technology, information
vital to the health of the industry. Exhibitors also
showcase their innovative products and services
that benefit the aggregates industry at these events.

Prime examples of ICAR’s research efforts are the
recently completed studies that document the use
of higher amounts of microfines in concrete;
propose a quick, accurate test for alkali-silica reac-
tion; assess Superpave specifications; and present a
breakthrough structural model for aggregate base
courses in pavements. 

AFTRE’s agreement with FHWA

demonstrates the agency’s confi-

dence in ICAR’s commitment to

superior research and is an excel-

lent source of matching funds for

projects high on the industry’s list

of priorities. The first project

funded under this agreement,

“Evaluation of Superpave Flat

and Elongated Specifications,”

got underway in 2000.
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Chair:
DAVID W. JAHN, 

MARTIN MARIETTA AGGREGATES

Members: 
Joe Button, John D’Angelo, David Chilcote, 

Richard D. Gaynor, Donald Dunlap, Douglas Gurlea, 
Robert A. Hannan, James Hardt, Sam R. Johnson, 
Dick Reese, Thomas W. Kennedy, Randy C. West, 

Charles R. Marek, John Yzenas, Earl C. May, 
Devon A. Williams

Mission statement:
To assimilate and generate research that will establish

relationships between aggregate characteristics and
their influence on Superpave pavement 

performance.
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Chair:
J. DONALD POWELL, 

VULCAN MATERIALS COMPANY

Members:  
James E. Bailey, Charles Machemehl, Jr., 

Anthony Magerowski, Barry Hudson, 
Bill McElhany, W. Ronald Hudson, Steven Peterson,

Norman D. Pumphrey, Jr., Stewart Schwotzer, 
Valentin V. Tepordei, Robert Schmidt,

William Wisner, Martin Darby

Mission statement:
To enhance and encourage new uses for quarry fines

to increase the productivity and economic
viability of these materials and their

applications.

Chair: 
NORMAN R. NELSON,

LYMAN-RICHEY SAND & GRAVEL COMPANY

Members:
Jeffrey Carlstrom, Terry Eichelberger,

Ramon L. Carrasquillo, Anthony Fiorato, David Chilcote,
Richard Gage, Mark Denton, Richard D. Gaynor, 

Mark Huffman, John Olle, Sam R. Johnson, John Perry, 
D. Stephen Lane, Norman D. Pumphrey, Jr., Philip Lawler, 
T.K. Raley, Colin L. Lobo, David Thomwy, Bryant Mather,

Kenneth W. Wylie, Dan Zollinger

Mission statement:
To develop and implement guidelines for testing procedures and
mitigation of alkali-aggregate reaction (AAR) for aggregates used

in hydraulic-cement concrete and relate these procedures to
field performance. To recommend research topics and

establish an education program and a clear-
inghouse for information on AAR

through ICAR.

ICAR’s research efforts are directed by eight task forces,
consisting of representatives from industry, academia,
government, and professional organizations. The task

forces are organized around areas of concern to the
industry and are chaired by an expert from industry. The
task forces meet once or twice a year to recommend
research topics and search for outside funding sources.

Chair: 
ROBERT G. O’BRIEN, 

FLORIDA ROCK INDUSTRIES, INC.

Members: 
John J. Allen, Mason Brown, Jr., Mason Brown, III, 

Jack Banning, E. Ray Brown, Claude Cox, Jr., 
Frank A. Enloe, N. Michael Jackson, Jon A. Epps, 

Frank M. Jaster, Cindy Estakhri, Dallas N. Little, Chien Fu, 
Byron N. Lord, Ed Gerik, William McElhany, Katherine L. Holtz, 

Ken McNichols, Bill Meyer, Charles A. Pryor, Jr, 
Richard M. Newell, Robert Rees, John Perry, James Rivers, 

Rick Phillips, Glenn, Robillard, Charles F. Potts, 
William M. Sheftick, John Shoucair, Ronald P. Walker, 

Neil Simmons, Randy L. Weingart, John H. Smith, 
James Yingling, J. David Walker, Dan Zollinger

Mission statement:
To identify the research needs of the aggregates industry in the evaluation of

recycled materials as part of asphalt mixtures, portland cement concrete
mixtures, and in bound and unbound aggregate bases, subbases,

and structural fills. To develop viable research approaches
for addressing potential sources and strategies for

funding these research efforts.
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Chair: 
THOMAS RANSDELL,

VULCAN MATERIALS COMPANY

Members:
John J. Allen, Robert S. Brown, Bob Drake,

Ray Kaczorowski, Paula Kothmann,
Drew A. Meyer

Mission statement:
To provide a framework for establishing communica-

tions with all ICAR constituents and thereby
document justification for dollars in pledges

and contributions that have been allo-
cated to establish the Center and

get it into operation.
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65
Chair: 

RICHARD D. BARKSDALE, 
PROFESSOR EMERITUS, 

GEORGIA INSTITUTE OF TECHNOLOGY

Members:
Frederick R. Allen, Joe Regenhardt, Mark Bintzler, 

Sheila Wade, Daniel H. Chapman, Randy L. Weingart, 
Lynne Irwin, Randy C. West, Robert L. Lytton, 

Sam Woolwine, Robin E. Graves, 
Stanley L. Hite, Charles R. Marek

Mission statement:
To assist in the compilation of technical information on the

use of unbound aggregate materials, and to provide this
technical information to the National Cooperative

Highway Research Program (NCHRP) research
team for use in the development of the

new AASHTO Pavement Design
Guide–2002.
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Chair: 
ANTHONY I. JOHNSON, 

EDWARD C. LEVY COMPANY

Members:
Patrick Downey, Bruce H. Mason, Ronald W. Finley, 

Wilson Pearce, Caroline Herrera, Hal Poulin, Ronald Madden, 
Alan C. Robords, William M. Sheftick, George M. Williams,

Michael A. Taylor, Neil Young, Walter C. Waidelech, 
John Yzenas, Jr., Pat Jacomet, Scott Shuler

Mission statement:
To investigate and review current best practices for evaluating the frictional proper-
ties of aggregates to be used in pavement surfaces. Facilitate research work to review

these best practices in order to develop uniform test procedures and testing equip-
ment to evaluate the frictional properties of aggregates. Establish relationships

between laboratory testing and field performance to determine acceptable
levels of laboratory testing to ensure long-term, high frictional field
performance of portland cement concrete and asphalt pavements. To

develop and maintain partnerships with state & federal agen-
cies, industry organizations, and other research bodies

to monitor current practices for testing the
frictional properties of aggregates.

Chair:
VACANT

Members: 
Robert Brock, Christopher M. Dinsdale, 

William Brown, Cathy Gestido, Joanna Campe, 
J. Lee Ingamells, Richard A. Davidson, David W. Jahn, 

Peter Kaser, Norman Nelson, Ronald Korcak, J.T. Netzer, 
Charles R. Marek, Larry Patrick, Richard C. Meininger,
Wilson Pearce, William A. Middlestadt, Thomas Plant,
David Miller, Charles A. Pryor, Jr., Thomas M. Small,
Robin A.K. Szmidt, Donald Weaver, Henk Dahlberg

Mission statement:
To investigate, develop, and promote research on the benefits of soil

remineralization through the use of aggregates industry mineral
fines in agriculture, horticulture, composting, and forestry.

To educate aggregate producers and potential users 
of mineral fines concerning evaluation 

procedures, product development,
and utilization.
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PROJECT 502

Structural Considerations of Unbound Aggregate
Pavement Layers for Mechanistic Design

Sponsor:
Aggregates Foundation for

Technology, Research, and Education

Researchers:
Dallas Little, Robert Lytton, 

Erol Tutumluer, and Alex Adu-Osei

Funding: 
$350,000

Dates:
This project was completed August 2000.

ICAR has developed a protocol for unbound
aggregate base (UAB) characterization, which
includes significantly different resilient properties
in the horizontal direction than in the vertical
direction, and it defines the UAB’s resilient
response to load as dependent on the level of
confinement and stress induced by a moving wheel.
This is technically termed as stress-sensitive and
cross-anisotropic. The characterization has been
included in a new finite element computer code for
analyzing pavements. The response of UAB when
characterized in the conventional manner (linear
elastic or stress-sensitive, isotropic, elastic) is very
different than when the UAB is characterized using
the ICAR method. The major difference is that when
the conventional characterization is used, substan-
tial tensile stresses are predicted within the UAB. A
real pavement base cannot handle these large
tensile stresses that do not actually develop. Past
pavement design methods for UAB have struc-
turally penalized the base because of these large
theoretical tensile stresses. When the more correct
stress-sensitive, cross-anisotropic model is used,
these stresses do not occur; the UAB can be
assigned a more accurate and, sometimes, more
favorable structural response. 

ICAR has also characterized the permanent defor-
mation characteristics of the UAB based on a
three-parameter model. When the ICAR resilient
model and permanent deformation model are used
together, a complete structural characterization of
the UAB is achieved. This characterization protocol
(both resilient and permanent deformation compo-
nents) has been validated in this study through
field testing at the Texas A&M Riverside Research

6

Campus and by evaluating full-scale data from a test
pit constructed at Georgia Tech. ICAR has been able
to relate the resilient and permanent deformation
properties of the UAB to gradation properties of the
UAB and moisture retention (suction potential)
properties of the aggregate fines. This provides a
simple tool by which to monitor and control aggre-
gate quality during production and construction.
The project has concluded. Final reports are under
review.

PROJECT 102

Guidelines for Using Higher Contents of
Microfines in Portland Cement Concrete

Sponsor: 
Aggregates Foundation for 

Technology, Research, and Education; 
Vulcan Materials Company;

Svedala Barmac Ltd.

Researchers: 
David Fowler, 

Barry Hudson, and David Whitney

Funding: 
$300,000

Dates:
This project was completed December 2000.

The use of higher microfines concrete has
received considerable interest in recent years. Some
concrete fine aggregate gradation limits in ASTM C
33 permit a maximum of 7% passing the No. 200
sieve (75µm), if the fines consist of dust-of-fracture
essentially free of clay or shale. Since the production
process for manufactured fine aggregate (MFA)
normally generates 10 to 20 percent of these
microfines, excess fines must be separated from the
desired sizes by screening or washing. Many coun-
tries permit much higher fines contents based on
their experiences. India permits up to 20%, Spain,
15%, and Australia, 25%. Properly used, microfines
can enhance concrete properties.

This study is the most comprehensive yet under-
taken on fines in concrete. Industry provided
excellent cooperation: aggregates were furnished,
an autogenous crusher was provided along with
operating personnel to crush all the aggregate
sources, and some of the aggregates were character-
ized. After each aggregate source was processed
using different crusher settings (tip speeds), each of



the 63 sands from seven rock types were character-
ized, or “fingerprinted,” using standard tests such
as specific gravity, gradation, absorption of uncom-
pacted-void content, and tests not normally used,
including laser diffraction, chemical analyses, and
methylene blue. 

Two variables, the cement-sand ratio and the
flow rate, were used in mortar tests to determine
compressive strength and drying shrinkage for each
of the aggregates in mortar. Based on the results of
mortar tests, fine aggregates were selected for use
in concrete in which the same coarse aggregate was
used to produce concrete with fixed water-cement
ratio, or fixed slump. (It should be noted that the
slump test is not a good indicator of workability for
high-fines concrete and can give misleading
results.) The concretes were evaluated for compres-
sive strength, flexural strength, permeability,
abrasion resistance, and scaling resistance. Some of
the results of this research to date are:

Aggregate processing, e.g. tip speed, significantly
affected the aggregate particle shape and amount of
microfines produced, which, in turn, can lead to
improved properties of mortar and concrete.

Compared to concrete made with natural sand,
high-fines concrete generally had higher flexural
strength, improved abrasion resistance, and higher
unit weight and lower permeability due to filling of
the pores with microfines, thus reducing corrosion.

Compressive strength varied but was acceptable;
shrinkage, although higher, was within generally
acceptable ranges. Good-quality concrete could be
made from nearly all of the aggregates (with minus
#200 fines content ranging from 7 to 18%) used in
the test program without the use of admixtures.
Further research with standardized admixtures
should provide additional improvements to the
properties of high-fines concrete. 

PROJECT 201

Evaluation of Superpave Aggregate Specifications

Sponsor:
Aggregates Foundation for 

Technology, Research, and Education

Researchers:
Joe Button and Cindy Estakhri
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Funding: 
$300,000

Dates:
This project was completed August 2000.

Restricted Zone Study

The purpose of this task was to examine in the
laboratory effects of the restricted zone on pave-
ment rutting. Hot-mix asphalt (HMA) composed of
four different types of aggregate were studied:
crushed granite, crushed limestone, partially
crushed river gravel, and a mixture of partially
crushed river gravel as coarse aggregate with
natural, rounded sand as fines. For each of the four
aggregates, HMA mixtures were designed using
three different gradations: above, through, and
below the restricted zone. Mixtures were evaluated
using Superpave Shear Tester (SST) and the Asphalt
Pavement Analyzer (APA) to evaluate the rutting
potential. Findings revealed that there is no rela-
tionship between restricted zone and permanent
deformation. Further, those gradings passing below
the restricted zone almost always exhibited the
greatest permanent deformation.

Fine Aggregate Angularity (FAA)

Superpave adopted ASTM C 1252, Method A, to
determine fine aggregate angularity (FAA). The
validity of the FAA requirement of Superpave is
questioned by both the owner agencies and the
paving and aggregates industries. The aggregates
industry has found that cubical shaped particles,
even with 100% fractured faces, may not meet the
FAA requirement for high-volume traffic. State
agencies are concerned that local materials previ-
ously considered acceptable and which have
provided good field performance now cannot meet
the Superpave requirements.

FAA test results were compared with other meas-
ures of particle angularity. Twenty-three fine
aggregates from different regions of the USA were
collected along with a subjective estimate of their
performance history. Those aggregates were tested
using ASTM C 1252, Method A, direct shear test,
compacted aggregate resistance (CAR) test, visual
inspection, surface area analysis, and three image
analysis techniques. Image methods included
Hough Transform, Unified Image Analysis, and
VDG-40 Videograder. Additionally, the SHRP-LTPP
database was examined in an attempt to find corre-
lations between FAA and pavement rutting.
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depth as similar mixtures containing a fines blend
with FAA of 46; (5) FAA is not sensitive to rut resist-
ance of HMA mixtures. Further, certain fine
aggregates with FAA value lower than 43, but with
relatively high particle surface texture, can produce
mixtures with relatively good rut resistance; and
(6) Angle of friction derived from direct shear tests
showed the best correlation with rut depth when
compared to FAA, CAR, and parameters from image
analyses.

Voids in the Mineral Aggregate (VMA)

VMA of HMA mixtures designed and tested in the
earlier phases of this work were examined. It was
found that, during the mixture design stage for the
restricted zone study, researchers were required to
use the minimum allowable filler (minus 75 µm
material) in order to meet the minimum VMA
required by Superpave. Minimizing filler can
promote mixture tenderness and rut-susceptibility.
As expected, mixtures containing 100% crushed
aggregates showed significantly higher VMA than
mixtures containing partially crushed coarse aggre-
gates plus natural sand. That is, higher FAA
(uncompacted voids) yielded higher VMA in
compacted HMA mixtures. This project has
concluded. Final reports are under review. 

PROJECT 301

Alkali-Silica Reaction in
Portland Cement Concrete

Sponsor:
Aggregates Foundation for 

Technology, Research, and Education

Researcher:
David Fowler

Funding: 
$300,000

Dates:
This project was completed December 2000.

The most significant finding of this project was its
success in modifying ASTM C 1293 to yield compa-
rable findings in thirteen weeks that previously
required twelve months or more. In addition, the
second stage of the project identified several
economical mitigation alternatives for aggregates
that did prove reactive.

Findings indicate that the FAA test method does
not consistently identify angular, 100% crushed
cubical aggregates as high-quality materials.
Researchers identified a fair correlation between
the CAR stability value and angle of internal friction
(AIF) from the direct shear test. No correlation was
found between FAA and CAR stability or between
FAA and AIF. Some cubical crushed aggregates
whose FAA values were less than 45 gave very high
values of CAR stability and AIF. The statistical
analysis of the SHRP-LTPP database reveals that
there is no evidence of any good linear relationship
between FAA and rutting. 

Fine Aggregate Angularity 
vs. 

Asphalt Pavement Analyzer

The objective of this task was to compare rutting
resistance of (HMA) containing fine aggregates with
different angularities. Permanent deformation was
measured in the laboratory using the Asphalt
Pavement Analyzer (APA). 

HMA mixtures were designed following the
Superpave methodology and specimens were
prepared using the Superpave gyratory compactor.
Six different mixtures were prepared using the
same gradation. In all mixtures, crushed limestone
was used as the coarse aggregate. Six different fine
aggregates were used: crushed granite, crushed
river gravel, crushed limestone, subrounded
natural sand, blend of 85% granite with 15%
natural sand, and blend of 70% limestone with 30%
natural sand.

Angularity of the fine aggregates was measured
using FAA test, direct shear test, compacted aggre-
gate resistance (CAR), and two different image
analysis techniques (unified image analysis and
VDG-40 Videograder). FAA varied from 39.0 to
48.0; the other values of angularity varied simi-
larly. 

Findings from APA testing indicate (1) sand with
FAA of 39 and those containing river gravel fines
with FAA of 44.3 yielded statistically equivalent rut
depths; (2) HMA mixtures containing crushed lime-
stone fines with FAA of 43.5 and those containing
granite fines with FAA of 48.0 yielded statistically
equivalent rut depths; (3) HMA mixtures
containing crushed limestone fines with FAA of 43.5
yielded significantly lower rut depths than similar
mixtures containing river gravel fines with FAA of
44.3; (4) HMA mixtures containing a fine aggregate
blend with FAA of 42 gave essentially the same rut

8
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Fourteen US aggregates sources were involved,
and cement with an average alkali content of 1.14%
was used. Mitigation methods included admixtures
of Classes F and C flyash, silica fume, granulated
slag, calcined clay, lithium nitrate (LiNO), one high-
range water reducer, and one air-entraining agent.

Evaluating ASTM C 1260 as a
predictor of aggregate reac-
tivity led to the following:

ASTM C 1260
proved valuable in
identifying certain
aggregates’ reactivity
according to their
expansion rates after
14 days.

ASTM C 1260 is too
severe for some aggre-
gates, indicating that they are
reactive although they pass C 1293
as well as have good field performance.
With other aggregates, C 1260 overesti-
mated the reactivity as “highly
reactive” whereas C 1293 characterized them as
“slowly reactive.” Therefore, ASTM C 1260 should
only be used as a screening method in combination
with C 1293.

An increase in the testing time of C 1260 from 14
days to 56 days and using expansion limits of
0.33% at 28 days and 0.48% at 56 days proved inef-
fective in predicting the correct reactivity of
aggregates. “Slowly reactive” aggregates did not
pass these limits, and “Category E” aggregates
(those with good field performance that tested as
reactive) were still erroneously identified as reactive.

The following conclusions resulted from the use
of ASTM C 1293 as a predictor: 

One-year expansion rates accurately describe the
aggregates as “innocuous” (less than 0.040%),
“slowly reactive” (ranging from 0.040% - 0.070%), and
“rapidly reactive (more than 0.070%). 

Storing concrete prisms in a 1N NaOH solution at
80 degrees C was too severe for some aggregates.
However, by lowering the temperature to 38
degrees C, the test correctly characterized the reac-
tivity of “innocuous,” “slowly reactive,” and “highly
reactive” aggregates, using a 26-week expansion
limit of 0.040%.

9

Storing concrete prisms over water as depicted
here, at 100% RH, in sealed containers with wicks
at 60O C, resulted in almost identical results as the
standard C 1293 but in a much shorter, 3-month,
period of time.  An expansion limit of 0.040% after
3 months of testing was effective for all aggregates
in generating results similar to the standard C 1293.

For aggregates that did correctly test as reactive,
ICAR has demonstrated cost-effective mitigation
alternatives. The project has concluded. Final
reports are under review.

PROJECT 503 

Rapid Test to Establish Grading of Unbound
Aggregate Products

Sponsor:
Aggregates Foundation for 

Technology, Research, and Education

Researchers:
Carl T. Haas and Alan F. Rauch

Funding: 
$200,000

Date Began: 
September 1999

The overall objective of this research is to develop
a prototype method or procedure suitable for
rapidly grading unbound aggregates. Specific
objectives include:

Identify and evaluate existing methods for rapid
aggregate grading.

Develop a prototype device or method that is
suitable for industrial applications.

Correlate results from the prototype rapid
method with standard sieve analyses.

Evaluate performance of the prototype method
for different aggregates, operating conditions, etc.

Demonstrate the prototype method under simu-
lated field operating conditions.

above: Top view of a C 1293 bucket;
concrete prism over water; wicks on the

sides; seal cover
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Progress to date:

-- Published an Interim Project Report (No. ICAR
503-1) that includes a review of potential technolo-
gies for rapid determination of particle gradation
and the most feasible ways to configure this equip-
ment for an industrial application.

--Project findings have been presented in papers at
the 7th and 8th annual ICAR symposia (1999 and
2000) and at the 17th International Symposium on
Automation and Robotics in Construction (ISARC)
in September 2000.

-- Acquired aggregate from five sources around the
United States to be used in machine evaluation
tests. Fifteen benchmark test samples, each with
different size and shape characteristics, were
prepared using this material. 

-- Performed evaluation tests on five different
commercial rapid gradation
machines at the manufac-
turers’ laboratories. All of

these machines analyze 2-D
digital images of falling
aggregate particles to deter-
mine gradation. Processing
and analysis of the data from these tests is
underway.

-- Built a laboratory test bed, consisting of a
computer-controlled linear motion slide and
support frame, that is being used in the develop-
ment of a laser scanning system. The test bed
simulates the scanning of an aggregate sample,
such as a grab sample pulled from the product
stream, that is spread out on a conveyor belt.

-- Assembled a laser line scanner on the laboratory
test bed and integrated the device with a computer.
This system, called LASS for “Laser-based
Aggregate Scanning System”, is functional and
capable of rapidly acquiring volumetric data on
multiple particles in an aggregate sample.

PROJECT 104

The Effects of Aggregate Characteristics on the
Performance of Portland Cement Concrete

Sponsor:
Aggregates Foundation for 

Technology, Research, and Education

Researchers:
David Fowler, David Whitney, and Barry Hudson

Funding:
$330,000

Date Began: 
September 1999

Optimization of the characteristics of aggregates,
including gradation, particle shape, and surface
texture plays an important role in workability
aspects of the fresh concrete (bleeding, pumpa-
bility, flow, response to vibration, finishability,
segregation) and the engineering properties of the
hardened material (modulus of elasticity, creep,
shrinkage, etc). This project will determine the
state of the art related to correlation of aggregate
properties and performance of concrete, test
methods for evaluating aggregate shape and
texture, and optimization of concrete mixtures. A
test protocol will be devised; a range of aggregates
selected, and an extensive laboratory program will
be carried out leading to guidelines and specifica-
tions for optimizing concrete mixtures.

The state-of-the-art survey has been completed.
A chemical admixtures study was performed. Two
superplasticizers were used in mortar and concrete
with 15% microfines in order to evaluate the effect
of these admixtures on high microfines concrete.
Four methods for mixture proportioning are under
evaluation. They include the ACI 211 method as well
as a method based on packing degree concepts. 

Project 202

Evaluation of Superpave Flat and Elongated
Aggregate Specifications

Sponsor: 
Aggregates Foundation for

Technology, Research, and Education;
Federal Highway Administration

Researchers:
Joe Button and Cindy Estakhri

Funding: 
$136,000

Date Began:
July 2000
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right: Laser-based Aggregate Scanning
System (LASS) developed by ICAR
503 researchers (PHOTO BY HYOUNGKWAN KIM)
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The Strategic Highway Research Program (SHRP)
on hot-mix asphalt (HMA) pavements primarily
targeted properties of asphalt cement and their
effects on pavement performance. Little funding
was devoted to the study effect of aggregates on
pavement performance. Yet, near the end of the
SHRP studies, researchers were required to produce
a complete set of aggregate specifications devel-
oped without new experimentation to support or
verify their relationships with pavement perform-
ance or their required values.

This research project attempts to determine the
degree and quantity of F&E aggregate particles that
can be tolerated in HMA. Flat and/or elongated
particles can result when hard igneous or metamor-
phic and, occasionally, sedimentary aggregates are
crushed. These aggregate particles break more
easily than the more cubical aggregates during
handling, placement, compaction, and usage. The
objectives of this research are:

Review the literature and state of the practice

Survey aggregate producers and state DOTs 

Conduct a laboratory test program to evaluate
the impact of degree and amount of flat and/or
elongated aggregate particles on performance of
HMA,

Investigate image analysis as a tool for quanti-
fying F&E  particles in aggregates used in HMA.

11

HMA concrete quality depends heavily upon the
aggregate structure, which carries the load and
defines the manner in which the load is distributed
within the mixture, e.g., by shear or by point-to-
point contact or both. The aggregate structure also
defines the ability and efficiency of achieving
density and the volumetrics of the compacted
mixture. 

The shape of coarse and fine aggregate particles
influences their interaction with the bitumen and
therefore, affects durability, workability, shear
resistance, tensile strength, stiffness, fatigue
response, and optimum binder content. The
successful quantification of aggregate morpholog-
ical properties is essential to the understanding of
these properties in the HMA concrete. The overall
intent of the project is to identify fundamental
parameters that can be used to rapidly and accu-
rately describe the three-dimensional
morphological properties of aggregates and to iden-
tify the relationship between the aggregate
parameters and pavement performance

Stone Mastic Asphalt (SMA) is a popular, but
expensive, mixture for thin overlays. Recent work
at ICAR has shown that high-fines mixtures have
certain considerable performance benefits if the
right type and amount of fines are used in the
mixture. High-fines mixtures (8% to 15% smaller
than 75 µm) can improve moisture resistance,
fatigue life, fracture toughness, and fracture
healing. 

For all mixtures, densely graded and SMA, it is
important that the best consolidated or unified
protocol for evaluation of the aggregate system be
developed and used. Therefore, the objective is to
develop a unified approach to link the loose aggre-
gate properties to the aggregate matrix in HMA, and
performance. This approach will allow optimizing
the mix performance. 

ICAR Project 203

Evaluation of Aggregate Characteristics Affecting
Hot-Mix Asphalt (HMA) Concrete Performance

Sponsors:
Aggregates Foundation for Technology,

Research, and Education;
Washington State University;

Texas Transportation Institute

Researchers:
Dallas N. Little, Eyad Masad

Funding:
$385,000

Date project began:
April 2000

Tasks planned for ICAR Project 203 include:

1) – Develop a Unified Approach to Rapidly and
Accurately Capture Aggregate Properties
Irrespective of Aggregate Size 

2) – Characterize Various Aggregates (within the
Test Matrix Established in Task 1) Using the ICAR
Orthotropic and Stress Sensitive Constitutive Model
and Three-Parameter Damage Model

3) – Design Cost Effective SMA Mixtures to
Optimize Use of Fines

4) – Coordinate SMA Designs of Other Expert
Agencies
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he 8th Annual International Center for
Aggregates Research Symposium was
held at the Denver Marriott Tech

Center Hotel, April 11-14, 2000. The 227
attendees, representing 38 states, the
District of Columbia, and three foreign
countries, heard 43 speakers address
a wide range of important and inter-
esting topics. Thirty-three
representatives of 21 state depart-
ments of transportation and 10
representatives of federal agencies
participated. 

Four distinguished leaders of industry and
government were keynote speakers for the event.
Scott B. Smith, CEO of the Western Research
Institute, James S. Pierce, Chief, Water Resources
Services, U.S. Bureau of Reclamation, and J. Don
Brock, Chairman and CEO, Astec Industries, Inc.,
highlighted the opening session.  Donald M. James,
Chairman and CEO, Vulcan Materials Company,
addressed attendees at the award banquet.

Subsequent speakers addressed such topics as
superpave aggregates issues, aggregate production
and handling, fines issues, unbound aggregates in
pavements, aggregate testing and classification,
and frictional properties of aggregates.  In addition,
panelists from eight state DOTs discussed current
issues facing their agencies and responded to ques-
tions from the audience.

In addition to the formal paper presentations, the
ICAR Task Forces met to review current projects and
to generate ideas for future research thrusts.  The
eight task forces remain the Center’s most impor-
tant means of identifying research needs.  They
represent a prime opportunity for industry involve-
ment across the entire ICAR mission spectrum.

Those in attendance were provided copies of the
Proceedings on compact disk. Proceedings, on
CD or printed, may be ordered by printing an order
form from at www.ce.utexas.edu/org/icar, or by

contacting the Center at 
512-471-4498.

W
illiam M. “Bill” Sheftick received
the ICAR/AFTRE Distinguished
Research Award during the

symposium banquet in Denver. Sheftick,
who heads up the aggregate subunit at

the Illinois Department of
Transportation’s (IDOT) Bureau of
Materials and Physical Research
(BMPR), was recognized for career
achievements in aggregates research
and related areas. An IDOT employee

since his graduation from Western
Illinois University in 1969, Bill has

worked as a field geologist engaged in
aggregate inspection and testing and has

been IDOT’s chief troubleshooter for aggre-
gate gradation and quality problems in the field.

In addition, he has served as the Bituminous
Operation Engineer and Quality Assurance
Coordinator for the BMPR. 

The award is a plaque, and the winner is selected
jointly by the ICAR and AFTRE Boards. Criteria for
the award centers around significant contributions
to aggregates research, education, or technology
transfer, and anyone from industry, government, or
academia is eligible.  

Information and Technology Transfer

In addition to the twice-yearly Aggregate Update
newsletter, ICAR publishes technical reports
containing findings from the research projects. In
addition, our research summaries are widely
distributed. Research summaries report project
findings in a detailed, two-page technical format
distributed to National Stone, Sand, and Gravel
Association members, state DOTs, researchers,  and
to other industry professionals. Reports on ICAR
research projects are also made available for sale as
they are finished. 

Web Site

To make information on ICAR available to the
international community, UT maintains a web site
that provides updates on ICAR activities and the
annual symposium. The site also features a list of
current ICAR projects, updates on task force activi-
ties, and news items relating to the aggregates
industry:  http://www.ce.utexas.edu/org/icar
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right: William M. “Bill” Sheftick


