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There are many activities that are undertaken at ICAR: cutting-edge research, information transfer through the annu-
al symposium; information transfer including research reports, presentations at technical conferences, workshops
and symposia; hosting researchers from the U.S. and abroad; and providing information to support code and speci-

fication changes. We have a great staff headed by Joe Allen that continually interacts with DOTs, researchers, aggregates
associations, media, industry representatives and other interested groups. All of this is made possible by the generous
support of the Aggregates Foundation for Technology, Research, and Education funded by many friends in the aggre-
gates industry.

Current and recently completed research projects are summarized in the following pages. We are pleased with the
response we have received from those interested in aggregates research. There is no doubt that ICAR is viewed as a very
important source on current "hot" aggregates topics.

ICAR is making a difference. When ICAR was formed in 1992, the highest priority research topic was finding a use for
manufactured sands with high microfines contents. The first research project (102) focused on properties of mortars and
concretes from a wide variety of sands without the benefit of admixtures. It was shown that concretes with very good
properties could be achieved. In a project just completed (104), it was conclusively shown that: (1) chemical admixtures
permit the use of nearly all microfines to make concrete with good fresh and hardened properties; (2) fly ash and silica
fume can be incorporated into these mixtures; (3) the use of packing to determine voids contents can be a very useful
technique to account for shape and texture; and (4) improved guidelines for proportioning of concretes containing high
microfines contents have been developed. Just recently we received an unsolicited email from a DOT representative
regarding the results of 104 in their efforts to develop new grading standards for concrete: "The use of the large amounts
of fines created has become a real issue. I just want to let you know that your work is going to immediately make an
impact in [our] policy." The ICAR research has resulted in the first substantial effort to incorporate provisions for manu-
factured fine aggregate with high microfines contents into ASTM C 33. While the task is difficult (and has been
compared to changing the Ten Commandments!) there is a very good probability that changes will be forthcoming. Just
recently we received word from a DOT representative that indicated that the results of the 104 project were well
received and would be used by that organization.

ICAR research (502) to develop a materials model which accurately predicts the performance of unbound aggregate
base courses is far reaching and revolutionary. The model has been incorporated into a mechanistic design process
which has a very good probability of being used by most DOTs to design unbound bases more realistically.

We invite you to utilize the information and resources of ICAR for any aggregate issues that you may have. Our reports
are available online or on CD-ROM. By working together we will be able to maximize the use
of the most important construction material we have. 

D I R E C T O R ’ S  M E S S A G E

David W. Fowler
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Jointly 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 importantly, ICAR is the voice of
the aggregates industry in the research community
and serves as a facilitator for determining the
most effective use of aggregates in design, specifi-
cation, and construction. Through symposia,
newsletters, as well as 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
aggregates resources are used in the most
efficient and economical manner. The
Center was established in 1992 by the
Aggregates Foundation for Technology,
Research, and Education (AFTRE).
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. 

TTHEHE CCENTER
ENTER’’SS MISSION

MISSION EENCOMPASSES

NCOMPASSES

RESEARCH,
RESEARCH,EDUCATION,

EDUCATION,
& INFORMATION EXCHANGE

& INFORMATION EXCHANGE::

to conduct scientific and technical research related to aggregates;

to develop undergraduate & graduate engineering courses & 

continuing education & training programs on aggregate topics; 

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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105-1 - SUMMARY OF CONCRETE

WORKABILITY TEST METHODS

This project describes 61 test methods for meas-
uring concrete workability. Many more test
methods have been developed for a single proj-
ect or for a specific application and have been
sparsely reported in the literature, if at all.
Although many of the devices in this document
will likely never be used in the future and have
been scarcely used in the past, an examination
of tests that have failed and tests that have been
supplanted by better tests is instructive in recog-
nizing trends in concrete workability research
and in selecting key concepts for the develop-
ment of a new test method.

This document first describes key principles and
trends in the measurement of workability and
then describes the 61 test methods. Based on the
successes and failures of past test methods and

the current needs
of the concrete
industry, require-

ments for new test
methods are devel-
oped. 

Researchers:

Eric P. Koehler and 
David W. Fowler,
The University of
Texas at Austin; and 
Chiara F. Ferraris,
National Institute of
Standards and
Technology.
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203-1 - EVALUATION OF AGGREGATES'
CHARACTERISTICS AFFECTING HMA PERFORMANCE

This project developed a unified approach to
capture aggregate properties irrespective of
aggregate size rapidly and accurately. A

unified approach was necessary to keep from
unjustly penalizing aggregates based on a single
parameter. The interaction of various properties
is necessary to assess the impact of aggregate
properties on performance completely and accu-
rately. A constitutive model is proposed which
predicts permanent deformation in the mixture
and which accounts for aggregate properties. A
protocol was developed which accounts for the
effects of mineral fillers on the rheology of the
mastic. In addition, performance of high-fines
mixtures was evaluated.

Researchers:

Eyad A. Masad,
Dallas N. Little,
Laith Tashman,
Shadi Saadeh,
Taleb Al-Rousan,
and 
Rajni Sukhwani,
Texas A&M
University.

T H E F O L L O W I N G P R O J E C T S I S S U E D T E C H N I C A L R E P O R T S I N 2 0 0 3 :



T H E  F O L L O W I N G  P R O J E C T S   W E R E  C O M P L E T E D  D U R I N G  2 0 0 3 .
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104 - THE EFFECTS OF AGGREGATE CHARACTERISTICS

ON THE PERFORMANCE OF

PORTLAND CEMENT CONCRETE

Researchers: David Fowler, Kevin Folliard, David
Whitney, The University of Texas at Austin, and

Barry Hudson, Aggregate Research Industries

Funding: $330,000

Date Began: September 1999

Sponsor: Aggregates Foundation for Technology,
Research, and Education 

Optimization of aggregates’ characteristics,
including gradation, particle shape, and
surface texture, plays an important role

in workability of fresh concrete and the engineer-
ing properties of the hardened material (modulus
of elasticity, creep, shrinkage, etc.). The worka-
bility aspects include bleeding, pumpability,
flow, response to vibration, finishability, and seg-
regation. This project determined the state of the
art related to correlation of aggregate properties
and performance of concrete, test methods for
evaluating aggregate shape and texture, and opti-
mization of concrete mixtures.

A chemical admixtures study was performed.
Two superplasticizers and mineral admixtures
were used in mortar and concrete with 15%
microfines in order to evaluate the effect of these
admixtures on high-microfines concrete. Five
methods for mixture proportioning were evaluat-
ed. They include the ACI 211 method as well as
methods based on packing-degree concepts.
Mixtures were made with these methods utiliz-
ing aggregates characterized as part of the study.
Compressive and flexural strengths have been
determined. The optimization study has been
conducted. The effect of shape, texture, and gra-
dation of aggregates on high-microfines mortar
and concrete have been evaluated. Concrete
behavior predicted by the proportioning method
selected has been compared to actual behavior. 

R
E

S
E

A
R

C
H

 
P

R
O

G
R

A
M



202- EVALUATION OF SUPERPAVE FLAT & ELONGATED

AGGREGATE SPECIFICATIONS

Researchers: Cindy Estakhri and Joe Button,
Texas A&M University

Funding: $136,000

Date Began: July 2000

Sponsor: Aggregates Foundation for Technology,
Research, and Education and 

the Federal Highway Administration

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 of the role of aggre-
gates in pavement performance. Nevertheless,
researchers were required to produce a complete
set of aggregate specifications near the end of the
SHRP studies. These specifications were devel-
oped with no new experimentation to support or
verify their relationships with pavement perform-
ance or their required values.

The objective of this research project was to
determine the degree and quantity of F&E aggre-
gate particles that can be tolerated in HMA. Flat
and/or elongated particles can result when hard
igneous, metamorphic or, occasionally, sedimen-
tary aggregates are crushed. These particles
break more easily than more cubical aggregates
during handling and mixing at the plant, place-
ment, compaction, and trafficking. 

A laboratory experiment evaluated the effects of
various degrees of F&E aggregate particles on the
performance of HMA. Hamburg and Asphalt
Pavement Analyzer tests have indicated that rut
depths increase as the quantity of 3:1 particles
increases, yet the HMA still performs acceptably
by many standards. Multiple Ratio Analysis has
been found to give an accurate picture of an
aggregate sample's particle shape by evaluating
the sample on five ratios instead of one. 

504 - EVALUATION OF THE IMPACT OF THE

AASHTO 2002 Design Guide 
ON THE INDUSTRY

Researchers: Dallas N. Little and Tom Freeman, 
Texas A&M University

Funding: $150,000

Date Began: September 2002

Sponsor: Aggregates Foundation for Technology,
Research, and Education

The 2002 Guide for the Design of Pavement
Structures will be unlike any other previously
implemented. The Guide will use mechanistic-
empirical design principles, accepted pavement
structural models, and other supporting models
deemed appropriate by the NCHRP 1-37A
research team. The Guide will treat unbound
aggregate bases as stress-sensitive elastic layers.
Engineering properties such as stress-sensitive
resilient modulus and permanent deformation
potential will dictate the structural contribution
of the unbound aggregate base instead of the
familiar AASHTO structural layer coefficient. The
aggregate supplier and producer both need to
understand the impact of this paradigm shift in
design and how they can provide the most com-
petitive material as measured by the criteria that
will be used in the Guide.

5

R
E

S
E

A
R

C
H

 
P

R
O

G
R

A
M



106 - ADAPTING THE VIRTUAL CEMENT AND

CONCRETE TESTING LABORATORY (VCCTL) TO

OPTIMIZING THE SELECTION OF

AGGREGATES FOR CONCRETE

Researchers: David Fowler, The University of
Texas at Austin, and Edward Garboczi, National

Institute of Standards and Technology

Funding: $330,000

Date Began: September 2002

Sponsor: Aggregates Foundation for Technology,
Research, and Education

Optimizing concrete involves proportioning of
concrete mixtures; there is a great need to use
aggregates more effectively in concrete mixtures.
The development of the VCCTL has been a
major advance towards the goal of placing con-
crete mixture proportioning on a sound scientific
basis but the models within this software current-
ly use assumptions of spherical and ellipsoidal
aggregates to predict properties. Information
about the exact shape and size distribution of
aggregates is needed for the prediction of rheolo-
gy and elastic properties, especially at the early
ages. This project brought ICAR into the VCCTL
consortium as a full partner, ensuring that aggre-
gate properties are adequately treated in the
software. Models using real shaped aggregates
have been developed and the creation of data-
bases of aggregate shape properties is underway.

The development of the image processing tech-
nique for the aggregate images obtained from
X-ray computed tomography has been completed
for coarse aggregates, and fine aggregate speci-
mens are being tested. The technique is being
fine tuned for fine aggregates. The aggregates
from ICAR 104 were scanned with X-ray tomog-
raphy as part of the development of the image
processing techniques and new aggregates are
ready to be tested. The project is scheduled for
completion in August 2005. 

105 - MEASURING WORKABILITY OF

HIGH-FINES CONCRETE

Researcher: David Fowler,
The University of Texas at Austin

Funding: $250,000

Date Began: September 2002

Sponsor: Aggregates Foundation for Technology,
Research, and Education

In the time since the slump test was first stan-
dardized into ASTM in 1922, a myriad of test
procedures has been developed to measure

the workability of concrete. The vast majority of
these test methods is impractical and does not
fully characterize the most relevant aspects of
workability. Measuring the workability of high-
fines concretes--which tend to exhibit low slump
but can, in fact, be very workable--presents
unique challenges. This project will identify a
practical and accurate workability test method
for concrete mixtures exhibiting a wide range of
workability, with a particular focus on high-fines
concrete.

A literature review identified more than 50 exist-
ing workability test methods; the most promising
have been evaluated. Several modifications to
procedures and/or equipment have been suggest-
ed. The project is to be completed August 31,
2004.

T H E  F O L L O W I N G  P R O J E C T S  A R E  C O N T I N U I N G .
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302 - VERIFICATION AND IMPLEMENTATION OF

IMPROVED ASR TEST & MITIGATION METHODS

Researchers: Kevin Folliard and David Fowler,
The University of Texas at Austin; 

Michael Thomas, University of New Brunswick;
and Benoit Fournier, Natural Resources Canada

Funding: $350,000

Date Began: January 2002

Sponsor: Aggregates Foundation for Technology,
Research, and Education

This research project is aimed at assessing,
developing, and recommending appropriate ASR
laboratory test methods and mitigation options. It
includes substantial laboratory research as well
as a comprehensive field evaluation. The
research is a follow-up to ICAR 301 and contin-
ues the initial efforts on accelerated test
methods, especially the accelerated version of
ASTM C 1293 (conducted at 60 degrees C
instead of 38 degrees C). A key objective of this
study will be for the research team to implement
the main findings into practice, especially
through efforts aimed at ASTM, AASHTO, CSA,
and other organizations.

Significant progress has been made on ICAR
302, including the procurement of thirteen differ-
ent aggregates from throughout North America.
The aggregates represent a wide range of miner-
alogy and reactivity and represent a broad
geographic distribution. Laboratory tests using
these aggregates are underway, and most of the
aggregates are already being assessed at the out-
door exposure site at The University of Texas at
Austin. Exposure blocks will also be cast and
stored at CANMET (Ottawa) and at the marine
exposure site at Treat Island. Through these
efforts, the link between laboratory and field per-
formance will be assessed and the role of climate
and exposure conditions will be analyzed.
Various mitigation options will also be assessed
in this study, including the use of supplementary
cementitious materials (SCMs), lithium com-
pounds, and low-alkali cements. The project is
scheduled for completion in December 2004. 
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107 - CHARACTERIZING MINUS NO. 200 FINE

AGGREGATE FOR PERFORMANCE IN CONCRETE

Researchers: David W. Fowler and 
Maria Juenger, 

The University of Texas at Austin

Funding: $300,000

Date Began: September 2003

Previous research has indicated that there is not
a strong correlation between standard aggregate
characterization tests and concrete field perform-
ance. This is particularly true in the case of
aggregates passing the No. 200 sieve. In the past,
it was believed that this fraction was clay and,
therefore, a poor performer. This is not necessari-
ly the case with manufactured aggregates. There
is a need to find a simple test for minus No. 200
material that can be used as a criterion for its
use. For such a test to be meaningful, there must
be a strong correlation between its results and
concrete performance. 

This study seeks to describe minus No. 200
mesh size aggregates (including the clay size
fraction) fully in conjunction with the full manu-
factured sand grading according to mineralogy,
size, shape and texture, and to develop simple
test(s) for predicting performance in concrete. Its
objectives are to characterize a selection of
minus No. 200 fines fully in terms of their miner-
alogy, size, shape, and texture; develop simple
tests for characterizing these fine aggregates
(including manufactured sands and clay versus
dust of fracture); and develop a correlation
between the physical characteristics of these
aggregates and the properties of concrete and
mortar. The role of the very fine clay-size materi-
als will in particular be examined. The project is
scheduled for completion in August 2005.
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204 - ROLE OF AGGREGATE CHARACTERISTICS ON

RESISTANCE TO LOAD IN

STONE MASTIC ASPHALT (SMA)

Researchers: Eyad Masad and Dallas N. Little,
Texas A&M University

Funding: $200,000

Date Began: September 2003

Aggregate structure plays a significant role in the
resistance of asphalt pavements to major pave-
ment distresses.  One of the main objectives in
the design of stone matrix asphalt (SMA) is to
produce a mixture with a strong aggregate struc-
ture in order to resist permanent deformation
under traffic. In SMA, the development of aggre-
gate-to-aggregate contact is evaluated by
measuring the voids in the coarse aggregate
(VCA), which is the volume between the coarse
aggregate particles including filler, fine aggre-
gate, air voids, asphalt binder, and fiber, if used.
There are no direct methods in the current
design procedures to measure the aggregate
structure. The lack of such experimental methods
has limited our understanding of how factors
such as aggregate shape, mix design, and com-
paction influence the aggregate structure, and
consequently, asphalt pavement performance.  

Recently, new methods using imaging technolo-
gy to measure aggregate-to-aggregate contact,
coarse aggregate orientation, and segregation
within the mixture have been developed to eval-
uate the aggregate structure in asphalt mixtures.
These techniques are well developed and have
been incorporated in software to facilitate the
analysis. This technology can be used to bridge
the gap between aggregate properties, mix
design, compaction, and SMA performance. The
objectives are to determine the impact of aggre-
gate shape, texture, and point and mass strength
on performance of SMA during construction and
trafficking; model particle-to-particle contact in
SMA; develop test methods to measure the
impact of aggregate shape, texture, point and
mass strength, and stone-to-stone contact on the
load-bearing abilities of SMA; correlate test
methods to field performance of SMA; and rec-
ommend SMA specification changes which
address the findings of previous tasks. The proj-
ect is scheduled for completion in August 2005.
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507 -  APPLICATION AND SIGNIFICANCE OF THE

MICRO-DEVAL TEST

Researchers: David W. Fowler and 
John J. Allen, 

The University of Texas at Austin

Funding: $300,000

Date began: September 2003

Increased use of the Micro-Deval abrasion
(MDA) test is occurring throughout North
America. If appropriate specifications or limits
for various aggregate applications are not devel-
oped, potentially unrealistic limits could be set
which result in rejection of otherwise suitable
material or, alternatively, acceptance of unsuit-
able material. There have been no studies that
take a global view of the correlation of aggregate
behavior in the test with field performance under
actual conditions in North America. There
appears to be uncertainty as the role or purpose
of the test. Some view it as a substitute for exist-
ing tests such as the sulfate soundness or Los
Angeles Abrasion and Impact tests. There is a
need to define the role and purpose of the test
and set realistic limits for various applications
under various climatic conditions.

The goal of the research is to establish a correla-
tion between field performance of coarse and
fine aggregate in various uses (concrete, concrete
pavement, asphalt base and surface course, gran-
ular base and sub-base) and climatic zones and
the results of Micro-Deval abrasion testing.  The
project objectives are to characterize the aggre-
gates by means of abrasion-type testing,
chemical analyses, visual means, durability tests
and other index-type methods; to develop a pro-
tocol for quantifying field performance of
aggregates in various applications, which can
distinguish between properties measured by the
MDA and those not relevant to this test method;
and to correlate aggregate laboratory properties
with field performance. The project will finish in
August 2006.

R
E

S
E

A
R

C
H

 
P

R
O

G
R

A
M



10

various mineralogies and aggregates subjected to
various processes and treatments. The cohesive
bond strengths of the mastics and the adhesive
bond strengths between the aggregates and vari-
ous asphalt binders will be calculated.
Laboratory fracture fatigue and compressive per-
manent deformation testing will be performed (in
dry and wet conditions) to assess the ability of
the bond energy calculations to predict damage.

The project is divided among seven tasks. Tasks
1 and 2 deal with synthesizing information
regarding surface energy measurements and
bond energy calculations and the effect of mois-
ture on adhesive and cohesive bond energies.
This work has been completed and ICAR has
begun development of the experimental design
for test validation of the model.

This is an urgent project because problems relat-
ed to adhesive bonding in both HMA and PCC
are extensive and costly. It is timely because of
the recent success demonstrated by Texas A&M
in using surface energy measurements to predict
fatigue fracture damage and moisture damage in
HMA. This project is designed to take this
approach the next step and implement the proto-
col to assist the industry. The projection will be
completed in August 2005.

505 - SURFACE ENERGY MEASUREMENTS AS

PERFORMANCE INDICATORS OF

HOT-MIX ASPHALT (HMA) & 
PORTLAND CEMENT CONCRETE (PCC) PERFORMANCE

Researchers: Dallas.N. Little & Robert L. Lytton,
Texas A&M University;

Ray Robertson, Western Research Institute

Funding: $300,000

Date Began: November 2002

Sponsor: Aggregates Foundation for Technology,
Research, and Education 

Researchers at Texas A&M University have
recently developed a model that explains how to
use surface energy to calculate the adhesive
bond strength in asphalt mixtures based on sur-
face energy measurements of the aggregate and
mastic and the cohesive bond strength within the
mastic based on mastic surface energy measure-
ments. The adhesive and cohesive bond
strengths can be calculated in either a dry condi-
tion or in the presence of moisture. Texas A&M
University has developed a protocol to measure
surface energies for asphalt binders, asphalt mas-
tics, and aggregates. In Project 505, ICAR will
measure the surface energies of aggregates of
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observation is partially explained by the effects
of moisture. Small variations in moisture (2.2%)
resulted in large variations in stiffness, with neg-
ligible variations in density. This result held for
both materials. Additionally, cyclic plate load
tests, using the RDD, yielded similar moisture
effects on deflections.

Layer stiffness, in terms of resilient modulus, and
rut potential are the parameters that characterize
a granular base's performance. They are the sig-
nificant components in a mechanistic pavement
design procedure. With these aspects of base
course performance quantified, the overall
impact of proposed material modifications on
pavement performance (notably fatigue life and
rutting) can be ascertained. This research will
evaluate the effects of increasing the percent
fines on base/sub-base performance. Moisture
effects on compaction and stiffness will also be
measured.

Recent work has demonstrated that low percent-
ages of appropriate chemical stabilizers in
fines-rich bases can substantially improve
resilient, strength and deformation properties and
enhance moisture resistance without making the
base rigid. In other words, the base still retains
its "flexible" properties and its orthogonal
response to load. Laboratory-scale testing will be
conducted during this study. A larger scale effort
will be proposed on the basis of the laboratory
effort, if warranted. This project is scheduled for
completion in December 2004.
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506 - UTILIZATION OF

HIGH-FINES CONTENT

UNBOUND AGGREGATE PAVEMENT LAYERS

Researchers: Dallas N. Little, 
Texas A&M University and 

Kenneth H. Stokoe, II, 
The University of Texas at Austin 

Funding: $150,000

Date Began: September 2003

Sponsor: Aggregates Foundation for Technology,
Research, and Education 

Previous ICAR-sponsored research demonstrated
the utility of the Spectral Analysis of Surface
Waves (SASW) and cross hole seismic technology
for determining the in-place directional stiffness of
unbound aggregate pavement layers. A new cross-
anisotropic structural model with parameters that
can be estimated from standard characterization
testing was developed. The model includes pre-
dictive capability for accumulated plastic strains,
or rutting development in the pavement.
Additionally, the potential of the Rolling Dynamic
Deflectometer (RDD) as an effective Accelerated
Pavement Test (APT) device for loading aggregate
layers over a wide range of load magnitudes and
frequencies in the field was shown. Significantly,
the research also showed that the SASW-meas-
ured layer stiffness, Young's modulus, E, varied
through a wide range of values which were not
correlated with percent compaction. For example,
crushed granite compacted to 105% of maximum
dry density was significantly less stiff than crushed
limestone compacted to 98-100% of maximum
dry density (approximately 35 ksi vs. 65 ksi). This
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BLENDING OF FINE AGGREGATES FOR CONCRETE

Current concrete aggregate specifications have
served the industry well, but were developed
when natural sand was the predominant source
of fine aggregates. Processing techniques have
changed along with increasingly restricted access
to traditional sources of fine aggregates. It is now
imperative that specifications be developed
which account for new types and sources of fine
aggregates. Additionally, blending of different
fine aggregates is economically necessary but
has historically not been extensively utilized.
Research is needed to establish guidelines for
blending different fine aggregates to meet fresh
and hardened concrete performance require-
ments. These guidelines will permit the use of
new sources of fine aggregates and extend the
service life of traditional deposits now facing
extensive environmental and permitting restric-
tions.

EFFECT OF THE VOLUME PERCENTAGE OF AGGREGATES

ON PERFORMANCE OF

PORTLAND CEMENT CONCRETE & HOT-MIX ASPHALT

The cost of portland cement concrete (PCC) and
HMA should decrease if more aggregate fills the
volume of these mixtures, thereby requiring less
of the expensive constituent - the cement or bitu-
minous binder. The volume percentage of
aggregate in a mixture is a function of gradation
and maximum aggregate size. It influences
"packing" and load transfer through the mixture,
which affect performance. This research will
develop guidelines for the design of PCC and
HMA mixtures that increase the aggregate vol-
ume while maintaining or improving
performance.

SIGNIFICANCE AND APPLICATION OF THE COMPACTED

AGGREGATES RESISTANCE (CAR) TEST

The Superpave fine aggregate angularity
(FAA) test rejects many 100% crushed lime-
stone aggregates that are known to perform

well. The CAR test is believed to predict per-
formance better, to evaluate carbonates more
accurately, and to permit the evaluation of
blended natural and manufactured sands that
would certainly have been rejected by the FAA
test. The Superpave mixtures expert task group
has expressed interest in the CAR test as a poten-
tial replacement for the FAA test. Research is
need to refine the CAR test and to calibrate it
with actual performance. The adoption of the
CAR test will result in increased use of local
aggregates and reduce costs of shipping aggre-
gates farther than necessary.

SURFACE TEXTURE OF AGGREGATES:
MEASUREMENT & IMPACT ON PERFORMANCE OF

HOT-MIX ASPHALT (HMA)

Current technology allows the measurement of
the surface texture of aggregates in increasing
detail. Surface texture is being promoted, by
some, as a significant, if not the predominant,
factor in aggregate contribution to performance
of HMA. However, gradation also certainly plays
a key role. The FHWA is establishing testing pro-
cedures and collecting surface texture data; it
can be expected to set specification limits based
on perceived benefits. The aggregates industry
needs to be proactive by conducting research to
assist in evaluating surface texture as one con-
tributor to performance of HMA and to establish
limits based on performance measures.

ICAR’S TECHNICAL ADVISORY COMMITTEE MET IN JULY 2003
TO DEFINE & ARTICULATE THE MOST PRESSING RESEARCH NEEDS. 

THEY RANKED RESEARCH TOPICS AND IDENTIFIED THE FOLLOWING AS THE TOP AREAS OF INVESTIGATION FOR POSSIBLE NEW ICAR
PROJECTS. SUBSEQUENTLY, THE ICAR AND AFTRE BOARDS REVIEWED THE RANKING TO DETERMINE FUNDING LEVELS.
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EVALUATE MINERAL FILLER FOR USE IN HMA AND

STONE MASTIC ASPHALT (SMA)

Excess fines accumulated during production are
a major issue facing the aggregates industry. One
possible solution is to increase the use of these
fines as mineral filler in asphalt mixes. Mineral
filler is known to improve performance of
asphalt in many instances. Research is needed to
understand how increased quantities of mineral
filler affect performance of standard HMA and
SMA. Mineral filler plays an especially key role
in SMA mixes. There are several competitive
materials used for this application. Aggregate
fines need to be characterized and evaluated for
use as mineral filler in this growing market.

STATISTICALLY BASED QUALITY-CONTROL PLANS FOR

PRODUCTION AND END USE

Good quality-control (QC) plans improve the
quality and consistency of the final product.
Many agencies are moving to warranty and other
contracting measures as a means of rewarding or
penalizing contractors. Statistically based QC
plans are needed for the aggregates industry to
both ensure quality products and to counter false
claims.

AGGREGATES PHASE AND GRADATION CHANGES IN

THE IGNITION OVEN

Aggregates obtained from an HMA sample, using
the ignition oven to extract the bitumen, may
have undergone physical changes due to the
high temperatures in the oven. Gradations run
on these extracted aggregates may give results
that do not reflect the actual gradations at the
time of construction. If these false results are
used for QC or QA purposes the aggregate may
be erroneously penalized. 
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CREATION OF A PERFORMANCE-BASED SPECIFICATION

FOR AGGREGATES IN CONCRETE

Many state DOTs are exploring or beginning to
develop performance-related specifications for
concrete. The increasing use of warranties
increases the need for these specifications. Since
aggregates comprise 75-80% of the concrete, the
performance of the concrete is highly dependent
on aggregates. Other research has shown that
new blends of high-fines aggregates in concrete
work very well. These specifications must be
properly written to allow the maximum and most
efficient use of locally available materials. This
research will develop guide specifications to
assist specifying agencies and material suppliers.

RELATE PERFORMANCE DATA FROM EXISTING FLEXIBLE

PAVEMENT DATABASES TO AGGREGATES

There are many existing databases containing
data from disparate sources, research programs
and test sites. This wealth of information needs
to be mined to assist in developing performance-
related specifications. It has long been the
ultimate objective within the pavements commu-
nity to identify performance measures and then
to develop specifications that are based on per-
formance. The data to support this development
statistically appear to exist in the databases and
need to be examined.
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l. to r.: David Jahn checks over notes on wall; former TAC Chair Chuck Marek 
listens to TAC Chair Robin Graves, standing; 

former ICAR/AFTRE Distinguished Researcher Steve Forster; Stephen Lane
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DEVELOPMENT OF NEW PROB-
LEM STATEMENTS

Task forces meet each

year to review ongo-

ing research projects

and to help shape future

research projects. ICAR

invites all symposium partici-

pants to share their

aggregates-related problems

and experiences in the task

force of their choice. The

summaries of these yearly

meetings represent an inte-

gral component of ICAR's

research program by ensur-

ing that projects do not lose

sight of the most essential

industry needs. Task-force

chairs submit their findings

to the Technical Advisory

Committee (TAC). For those

who are not able to partici-

pate in task-force meetings,

ICAR accepts problem state-

ments and suggestions for

research via e-mail at

icar@mail.ce.utexas.edu.
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USES FOR NEW PRODUCT FINES,
chaired by

J. Donald Powell, 
Vulcan Materials Company

ALKALI-SILICA/ALKALI-CARBONATE REACTION IN

PORTLAND CEMENT CONCRETE,
chaired by 

Norman R. Nelson,
Lyman-Richey Sand and Gravel Company

FRICTIONAL PROPERTIES OF AGGREGATES USED IN

PAVEMENT SURFACES, 
chaired by 

Anthony I. Johnson, 
Edward C. Levy Company

CRITERIA FOR USE OF RECYCLED MATERIALS WITH

NATURAL AGGREGATES IN MIXTURES &
UNBOUND APPLICATIONS, 

chaired by Robert G. O'Brien,
Florida Rock Industries, Inc.

PAVEMENT DESIGN & PERFORMANCE, 
chaired by 

Richard D. Barksdale,
consultant

COMMUNICATIONS,
chaired by

Thomas R. Ransdell, 
Vulcan Materials Company

SUPERPAVE AGGREGATE SPECIFICATIONS & 
FINE AGGREGATE PROPERTIES & 

THEIR INFLUENCE ON END PRODUCTS,
chaired by David W. Jahn, 
Martin Marietta Aggregates

1
2

3
4

5
7

8



award. A graduate of Georgia Tech and Purdue
University, Professor Barksdale retired after more
than 30 years of teaching. 

Exhibitors included: John B. Long Co.; Gilson
Company, Inc.; Bowser-Morner Testing
Laboratories; Phoenix Process Equipment
Company; InterSystems Samplers; Rainhart
Company, LPT Group; and HMA Lab Supply Inc.
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ICAR/AFTRE Distinguished
Researcher Richard Barksdale’s

inspiring acceptance speech
reminded researchers of the

importance of hands-on 
experience and observation in

the field as he directed his
audience to 

“Get your hands dirty."

ICAR hosted its Eleventh Annual Symposium
on Aggregates: Concrete, Bases, and Fines
in Austin, Texas, at the Omni Hotel

Downtown, April 27-30, 2003. The rigorous
technical program included experts who pre-
sented their findings on topics such as:
aggregates in portland cement concrete (PCC);
field evaluations; aggregates’ characteristics
affecting performance of PCC; and perform-
ance effects of aggregates in asphalt concrete
mixtures; field and laboratory measurements of
performance parameters; geometrical and
physical characteristics; and concrete mixtures. 

The attendees represented industry, academia,
and government, including: numerous DOT
and FHWA employees; the National Institute
of Standards and Technology; and the Ontario
Ministry of Transportation. ICAR Director
David Fowler introduced keynote speakers
Thomas R. Bohuslav, Texas Department of
Transportation; Michael L. Hines, Koch
Performance Roads, Inc.; and B. Frank
McCullough, The University of Texas at
Austin. 

ICAR's Board of Directors and the Aggregates
Foundation for Technology, Research, and
Education Board of Trustees met to discuss
research and funding. The symposium includ-
ed its annual panel of DOT and FHWA
representatives discussing aggregates issues,
giving officials the opportunity to voice their
states' concerns and experiences.

This year's ICAR/AFTRE Distinguished
Researcher Award went to Richard D.
Barksdale, professor emeritus, Georgia Tech, a
valuable and active member of ICAR's
Technical Advisory Committee as well as Chair
of ICAR's Task Force on Pavement Design and
Performance. Over 40 years of research in a
wide variety of geotechnical and materials
engineering, including the characterization of
granular base materials, the estimation of rut-
ting, and stone columns, garnered him the

ICAR H O S T S I T S 11T H AN N U A L SY M P O S I U M
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PPREVIOUSREVIOUS WWINNERSINNERS OFOF THETHE

ICAR/AFTRE DICAR/AFTRE DISTINGUISHEDISTINGUISHED RRESEARCHERESEARCHER AAWARDWARD

Donald FohsDonald Fohs
Federal Highway AdministrationFederal Highway Administration

Bryant Mather, dec.Bryant Mather, dec.
U.S. Army Corps of Engineers U.S. Army Corps of Engineers 
Waterways Experiment StationWaterways Experiment Station

Charles A Machemehl, Jr.Charles A Machemehl, Jr.
Georgia Crushed Stone AssociationGeorgia Crushed Stone Association

and Vulcan Materials Companyand Vulcan Materials Company

Ronald CollinsRonald Collins
Georgia Department of TransportationGeorgia Department of Transportation

Marshall R. ThompsonMarshall R. Thompson
University of IllinoisUniversity of Illinois

Thomas D. WhiteThomas D. White
Purdue UniversityPurdue University

William M.SheftickWilliam M.Sheftick
Illinois Department of Transportation and Illinois Department of Transportation and 

Bowser-Morner Testing LaboratoriesBowser-Morner Testing Laboratories

Richard L. MeiningerRichard L. Meininger
National Aggregates AssociationNational Aggregates Association

Stephen W. ForsterStephen W. Forster
Federal Highway AdministrationFederal Highway Administration

DISTINGUISHED RESEARCHER 2003:
RICHARD BARKSDALE, PH.D., P.E. 

Past holders of the distinction present to congratu-
late Professor Barksdale, far right, included, from

left to right: William Sheftick; 
Charles Machemehl, Jr.; 
and Stephen W. Forster.



CONTACT INFORMATION

The University of Texas at Austin
International Center for 

Aggregates Research
1 University Station, C1755

Austin, Texas 78712
512.471.4498/512.471.3191 (Fax)

icar@mail.ce.utexas.edu
www.icar.utexas.edu


