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1999 • • • last year of the 

millennium, or next to last? We won't · 

stir up that debate here. What 1999 was, 

without question, was a busy and suc

cessful year for ICAR. Recently con

cluded projects have continued to gen

erate interest, and we routinely fill re

quests for reports or additional informa

tion. Our research summary for 

the thick-lift base course project, 

ICAR 501, was published in Au

gust. It and the research report 

ICAR 101-1, "An Investigation of 

the Status of By-Product Fines in 

the United States," have received 

wide distribution. 

Project 103, "Development of a 

Controlled Low Strength Material 

(CLSM) for Use in Residential Concrete 

Building Systems (RCBS)," was com

pleted in 1999, yielding important re

sults for the use of high-fines mixtures. 

Also, four projects, which continu_e 

through 2000, have produced significant 

findings: 

1) !CAR 502, "Structural Consider

ations ofUnbound Aggregate Pavement 

Layers in the New AASHTO Pavement 

Design Guide-2002." 

2) !CAR 201, "Evaluation ofSuperpave 

Aggregate Specifications." 

S) !CAR 102, "Guidelines for Using 

Higher Contents of Crushed Aggregate 

Fines in Portland Cement Concrete." 

4) ICAR 301, "Alkali-Silica Reaction in 

Portland Cement Concrete." 

T hese projects were featured 
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in numerous presentations at Transporta

tion Research Board, American Society for 

Testing and Materials, technical sympo

sia, and industry association meetings dur

ing the year. These projects are all dis

cussed in a subsequent section of this re

port. In addition, four technical reports 

are planned for the current year. 

T wo new efforts, ICAR 503, "Rapid Test 

to Establish Grading of Unbound Aggre

gate Products," and ICAR 104, "The Ef-

• 

fects of Aggregate Characteristics on 

the Performance of Portland Cement 

Concrete," were begun in September, 

1999. They are described subsequently. 

In April 1999, we hosted our 7th an

nual symposium, the largest yet. Each 

year we draw new attendees from indus

try and state departments of transpor

tation. The interaction between 

producers, researchers, and prac

titioners which takes place in the 

task force meetings, technical ses

sions, and the symposium hallways 

is crucial for evaluating ongoing 

research and defining new direc

tions. 

Finally, our managing associate di-

rector, Joe Allen, and our associ

ate director at Texas A&M, Dallas 

Little, join me in expressing our con

tinued appreciation for the generous 

support ICAR receives from the Aggre

gates Foundation for Technology, Re

search, and Education (AFTRE) and in

dividual members of the industry in the 

form of research funds, materials, and 

active participation in our projects, task 

forces, and committees. It is this in

volvement which makes possible 

our joint success. 
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T he Center's mission is 
threefold, encompassing 
research,education, and in

formation exchange: 

to conduct scientific and technical re
search related to aggregates; 

to cooperate and do cooperative aggre
gate research with other universities 
when appropriate; 

to develop undergraduate and graduate 
engineering courses and continuing edu
cation and training programs on aggre
gate topics; 

to establish a central information clear
inghouse on aggregates technology; 

to provide technology transfer to trans
late research results into practice, thus fa
cilitating implementation of such results; 

I 
CAR receives funding from four ma
jor 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 $200,000 from the 
endowment to fund operations at the two 
universities. 

About one-third of the money from the 
AFTRE endowment goes to pay over
head at both universities. This includes 
the cost of space, utilities, security, and 
other university support services. The 
remaining interest from the endowment 
is used to pay for travel, salaries, devel
opment and printing of communications 
materials, and other operating costs. 

A second source offunding comes from 
the National Stone Association (NSA) and 
the National Aggregates Association 
(NAA), two industry associations made 
up of aggregate producers and equip
ment manufacturers. 

to establish appropriate business school or 
marketing input to improve the applica
tion of programs and results in the con
struction industry. 

Conducting aggregates research to solve 
real-world problems remains a central 
purpose of the I CAR program. The vari
ety of topics within the ICAR research 
program provides the industry with: 

Training/ educational opportunities. The 
primary vehicle, the annual symposium, 
which encompasses a wide range of top
ics such as: identification / mitigation of al
kali-silica reactivity of aggregates; aggre
gate properties affecting the performance 
of hot-mix asphalt and portland cement 
concrete; aggregates production, handling, 
and classification; and issues relating to the 
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Their members have a direct interest in 
promoting ICAR and, through it, the ag
gregates industry. 

A third source of funding is individual 
companies that contribute to ICAR as a 
nonprofit organization dedicated to rais
ing 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 per
forms is cosponsored with other state, gov
ernment, or private agencies. AFTRE re
cently entered into a cooperative agree
ment with the Federal Highway Adminis
tration (FHW A) that allows FHWA to ini
tiate projects directly with ICAR and 
AFTRE. By leveraging combined funding 
from sources such as the FHW A agree
ment, ICAR serves the interests of all its 
sponsors while giving them more im
plementable results for their research 
dollars. 

• 

performance of unbound aggregates in 
pavement structures. In addition, ICAR 
offers reports on current research, semi
nars for the definition offuture research 
topics, and presentations on aggregates 
issues facing individual state departments 
of transportation. 

graduate and undergraduate training 
for personnel at the University ofTexas 
at Austin and Texas A&M University. 

consulting services to producers for set
ting up laboratories, developing in
house computer facilities, performing 
specialized lab tests, and improving pro
duction methods; and 

a pool of well-trained, research - and 
results - oriented engineers. 

a means to transition findings from re
search to practice, e.g. changes to speci
fications. 

INM~I 

Natlonal Ston~ Association 

I CAR rece/oes pnchn_y /rom seoera/oryan/zabons, ,n
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bona/c5!one :7/ssoc,abon, and /he ~_yre_yales !Aiuno'a

bonjor :7echnolo_yy, !if'esearcb, and Wucabon . 



J
ointly operated by the University of 
Texas at Austin (UT) and Texas 
A&M University at College Station 

(T AMU), I CAR serves the industry as a 
forum for research and discussion where 
aggregates stakeholders can seek an
swers to industry concerns. In addition, 
the center provides the industry with the 
knowledge to implement the latest ag
gregates technology. Most importantly, 
ICAR serves as the voice of the aggre
gates industry in the research com
munity and as a facilitator for deter
mining the most effective use of ag
gregates in design, specification, and 
construction. 

T hrough symposia, research re
ports and summaries, and newsletters, 
ICAR puts the most up-to-date tech
nology into the hands of private in
dustry as well as state and federal 
agencies, ensuring that aggregates re
sources are used in the most efficient 
and economical manner. The center 
was established in 1992 by the Ag
gregates Foundation for Technology, 
Research, and Education (AFTRE). 
Financial support comes primarily 
from the interest generated by an 
AFTRE endowment; contributions 
from the National Stone Association 
(NSA), the National Aggregates Asso
ciation (NAA), and their member com
panies; and funds from UT and T AMU. 
The center also actively seeks additional 
funding for research projects. Total en
dowments to date amount to more than 
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$5 million. 
D r. David W . Fowler, UT, is the director 

of the center, and Dr. Dallas N . Little, 
T AMU, is the associate director. Dr. John 
J. Allen, of the University of Texas, is the 
center's managing associate director. 

Both the Center for Transportation Re
search (CTR) at UT and the Texas Trans
portation Institute (TTI) at T AMU have 
highly-trained engineers and scientists 
from a wide range of disciplines at their 

ICAR SERVES AS THE VOICE OF 

THE AGGREGATES INDUSTRY 

INTHE 

RESEARCH COMMUNITY 

disposal, and between them have over 60 

years of transportation experience. They 
also have access to state-of-the-art labo
ratory facilities, ranging from wet labora
tories to structural labs that can accom
modate full-sized bridges and TAMU's 

'lJr . 'lJa/fas B ,ll fe dem onslrales an en uironmenlaf 

chamber . 

• 

Riverside Campus proving ground for 
pavement testing. 

As its research program has matured, 
ICAR has achieved a significant mile
stone; that is, the initial projects have 
concluded, others are about to conclude, 
and additional challenges are now evi
dent. Assisting the industry in imple
menting research findings and develop
ing cooperative research efforts with 
government and other funding agencies 

are becoming of greater importance. 
An example of the former is the 
publication and distribution to in
dustry and departments of trans
portation of a two-page research 
summary of our thick-lift base 
course project. An example of the 
latter is the Aggregates Foundation 
for Technology, Research, and 
Education's agreement with the 
Federal Highway Administration to 
fund projects of interest to both 
government and the aggregates in
dustry jointly. 

In the coming months, expect to 
see technical reports containing im
portant results from current stud
ies of Superpave aggregates speci
fications, mixture design consider
ations for high-fines concrete, new 

methods of characterizing unbound ag
gregates layers in pavement design, and 
high-fines content controlled low strength 
materials for use in residential building 
systems. As these reports are published, 
research summaries will shortly follow. 
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I n order to ens ure that th e re

search needs of the industries 

we serve are identified, the follow-

ing guidelines have been adopted: 

Qu for Problem Statements 

Suggestions for research problem state
ments are sought from the aggregates in
dustry; government agencies; members of 
the eight Task Forces; the Technical Ad
visory Committee (TAC); the !CAR and 
Aggregates Foundation for Technology, 
Research, and Education (AFTRE) Boards; 
the NSA and NAA; and researchers. They 
may be submitted at any time. Each prob
lem statement should contain sufficient 
detail to describe the needed research and 
potential benefits. 

£valuation 

Problem statements are sent to the ap
propriate task force for initial review/ com
ment/ ranking. They are then reviewed 
and prioritized by the TAC. The ICAR 
Board evaluates the suggested priority 
ranking and makes funding recommenda
tions to the AFTRE Board, whose deci
sions are implemented by ICAR research

ers. 

project Status 

Of sixty problem statements previously 

reviewed, twenty-two have been incorpo

rated into the following research projects 

totaling approximately $2.1 million: 

PROBLEM 
STATEMENTS 

from industry, 
aggregates associations 

& researchers 

• 

(Qmplleted ]Projects 

An Investigation of the Status of By
Product Fines in the United States 

Hot-Mix Asphalt Produced with 

Reclaimed Asphalt Pavement 

Increased Single-Lift Thicknesses for 

Unbound Aggregate Base Courses 

]R_,esearch hll Progress 

Structural Evaluation of Unbound 
Aggregate Bases to Support the f!lOOf!l 
AASHTO Design Guide Development 

Rapid Test to Establish Grading of 

Unbound Aggregate Products 

Increased Use of-200 Fines in Concrete 

Alkali-Silica Reaction in Concrete 

Development of a Controlled Low 
Strength Material for Use in Residential 

Concrete Building Systems 

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

Evaluation of Superpave Aggregate 
Specifications (Fine Aggregate Angular
ity and Restricted Zone) 

New Projects 

Evaluation of Superpave Flat and Elon
gated Aggregate Specifications (FHWA 
and AFTRE Jointly Funded) 

Evaluation of Aggregate Characteristics 
Affecting Hot-Mix Asphalt Performance 
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I CAR's research efforts are directed by eight task forces, consisting ofrepresen
tatives 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 to search for outside funding sources. In 1999, the 
former task force 7, Aggregates as Railroad Ballast, was dissolved by the ICAR Ad
visory Board of Directors. It was replaced by a new task force focusing on frictional 
properties of aggregates used in pavement surfaces. 

1. 
Uses 

for 

New Product Fines 

Chair: J. Donald Powell 
Vulcan Materials Company 

Mission statement: 
To enhance and encourage new uses for 
quany fines to increase the productivity and 
economic viability of these materials and 
their applications. 

T his task force's main objective is to 
promote existing uses for fines and to 
develop new uses for by-product fines 
that would otherwise become a financial 
and environmental drain on the indus
try. With that objective in mind, the task 
force has promoted two studies, ICAR 
Project 102, Guidelines for Using Higher 
Contents of Crushed Fines in Portland Ce
ment Concrete (PCC), and ICAR Project 
10S, Development of a Controlled Low
Strength Material (CLSM) for Use in Resi

dential Concrete Building Systems (RCBS). 

• 

2. 
Superpave Aggregate 

Specifications 
& Fine Aggregate Properties 

& Their Influence on End-Products 

Chair: David W . Jahn 
Martin Marietta Aggregates 

Mission statement: 
To assimilate and generate research that will 
establish relationships between aggregate char
acteristics and their influence on Superpave 
pavement performance. 

T his task force's main objective is to 
look at ways to evaluate and improve 
Superpave aggregate specifications and 
test procedures, and actively inform indus
try of the issues surrounding those specifications. 

T his task force has sponsored the 
$S00,000 ICAR Project 201, Evaluation of 
Superpave Aggregate Specifications, which 
is currently being conducted at Texas 
A&M University. This AFTRE-funded 
project is focusing on the restricted zone, 
the fine aggregate angularity, and the voids 
in the mineral aggregate specification provisions. 



3. 
Alkali-Silica/ Alkali-Carbonate 

Reaction in 

Portland Cement Concrete 

Chair: Norman R. Nelson 
yman-Richey Sand & Gravel Co. 

Mission statement: 
To develop and implement guidelines for test
ing procedures and mitigation of alkali-ag
cgregate reaction (AAR) for aggregates used 
inhydraulic-cementconcreteandrelatethese-
rocedures to field perfonnance. To recom

mend research topics and establish an educa-
tion program and a clearinghouse for infor
mation on AAR through [CAR. 

Alkali-silica reactivity (ASR) is a del
eterious chemical reaction that occurs 
when the alkalis in portland cement con
crete (PCC) react with silica minerals in 
the presence of water. ASR leads to 
cracking, expansion, and dislocation, and 
poses serious problems for highway de
partments. Though tests do exist to iden
tify aggregates with a potential for ASR 
more research is needed to identify ag
gregates that are subject to ASR accu
rately and to develop methods of miti
gating expansion in concrete. 

T he three-year, $300,000 study, ICAR 
Project 301 Alkali-Silica Reaction in Port
and Cement Concrete, is concentrating on 

developing improved testing procedures 
for aggregates and with recommending 
mitigation procedures where necessary. 
The intent is to ensure that sources oflocal 
ggregates will provide long-term durability. 
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4. 
Criteria for Use of Recycled 

Materials with Natural 
Aggregates in Mixtures & 

Unbound Applications 

Chair: Robert G. O'Brien, 
Florida Rock Industries, Inc. 

Mission statement: 
To iden tifjr the research needs of the aggre
gates industry in the evaluation ofrecycled 
materials as part of asphalt mixtures, port
land cement concrete mixtures, and in bound 
and unbound aggregate bases, subbases, and 
structural fills. To develop viable research ap
proaches for addressing potential sources and 

strategies for funding these research efforts. 

T he task force has developed a proposed 
research problem statement entitled, "Use 
Criteria and Construction Specifications 
for the Use of Recycled Concrete in Road
way Base Applications." Material, environ
mental, workability, anddrainability char
acteristics of these materials as road bases 
are considered, as are economic and 
constructibility aspects. 

T he problem sfatement is currently in 
the review process and is considered a good 
candidate for a cooperative effort with 
DOTs and other agencies. 

• 

5. 
PaYement Design 

& 

Performance 

Chair: Richard D. Barksdale 
Georgia Institute of Technology 

Mission statement: 
To assist in the compilation of technical in
formation on the use ofunbound aggregate 
materials, and to provide this technical infor
mation to the National Cooperative Highway 
Research Program (NCHRP) research team 
for use in the development of the new 
MSRTQPavementDesign QuidMoog. 

T he new AASHTO Pavement Design 
Guide-!i!OO!i! is being developed under 
NCHRP contract and wilJ be available by 
the year 2002. This guide will establish 
structural guidelines for the use of pav
ing materials well into the 21st century. 
Decisions regarding the structural contri
bution of unbound aggregate bases and 
subbases to pavement structures must be 
based on the best available testing proto
cols and performance models. 

T he primary focus of this task force is 
the proper characterization of unbound 
granular aggregates as base course mate
rials. The task force has as an additional 
focus to develop parameters that will per
mit mechanistic design_ofpavements con
structed with unbound base layers so that 
the pavements will exhibit excellent per
formance throughout their design life. It 
has sponsored lCAR Project 502, Struc
tural Consideration ofUnbound Aggregate 
Pavement Layers in the new AASJITO Pave
ment Design Gui®:-WJ2. 

T he task force also sponsored the re
cently completed project Increa~ed Single
Lift Thicknesses for Unbound Aggregate.Ba$f 
Courses. This project has shown that it is 
possible to obtain good compaction for 
single-lifts up to 13 inches thick . 



6. 
Remineralization 

Chair: William A. Middlestadt 
Meridian Aggregates Company 

Mission statement: 
To investigate, develop, and promote research 
on the benefits of soil remineralization 
through the use ofaggrega tes industry min
eral fines in agriculture, horticulture, 
composting, and forestry. To educate aggre
gate producers and potential users of min
eral fines concerning evaluation procedures, 
product development, and utilization. 

Remineralization uses fines to improve 
the fertility of the soil and supplement 
the earth's own supply of minerals. This 
task force is working with researchers to 
locate specific agricultural uses for fines 
to benefit both commercial farms and 
aggregate producers. 

T he two-year study sponsored by the 
task force and partially funded by the Ag
gregates Foundation for Technology, Re
search, and Education, Soil Remineraliza tion 
for an Economically and Ecologically Sus
tainable Agriculture in the Pioneer Valley, 
assessed the ecological and economic ben
efits of using fines as a soil amendment, 
an ingredient in compost, an insect de
terrent, and an antifungal agent. The fi
nal report was presented at the 6th Annual 
ICAR Symposium in St. Louis, Missouri. 
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7. 
Frictional Properties 

of Aggregates 
Used in Pavement Surfaces 

Chair: Anthony I. Johnson, 
Edward C. Levy Company 

Mission statement: 
Toinvestigateandreviewcurrentbestprao
tices for evaluating the frictional propertjes 
of aggregates to be used in pavement sur
faces. Facilitate research to review these best 
practices m order to develop uniform proce
dures and equipmentfor testing/measurmg 
frictional properties. 
Establish relationships between laboratory 

testing and field performance to determine 
acceptable levels oflaboratory testing to en
sure long-term, high frictional performance 
ofportland cement concrete and asphalt 
J)Bvemellts. 

Develop and maintain partnerships with 
state and federal agencies, industry organi
zations, and other research bodies to moni
tor current practices for testing the frictional 
properties of aggregates. 

The task force has produced a draft 
problem statement, which is in the re
view-process. 

This task force met for the first time 
at the 1999 Symposium in Austi:1, Texas. 

• 

8 . 
Communications 

Chair: Thomas Ransdell, 
Vulcan Materials Company 

Mission statement: 
To provide a framework for establishing com
munications 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 Ofr 

eration. 

T he Communications task force's main 
objectives are to 

• keep ICAR members and supporters 
up to date on ICAR activities, 

• promote continued industry support 
for AFTRE/ ICAR, 

• encourage industry involvement in 
ICAR's research and educational ac
tivities, 

• transfer ICAR research technology to 
the aggregates industry, and 

• support ICAR's research and educa
tional goals. 

T he task force fulfills these goals 
through a variety of communication ve
hicles, including a semi-annual newsletter 
titled Aggregate Update, research project re
ports, research summaries, and the annual 
report. 
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ICAR Project 502 
Structural Considerations of Unbound 

AggregatePavementLayersin the 
New AASHTO Pavement 

Design Guide---£00'2 

Sponsor: 
Aggregates Foundation for 

Technology, Research, and Education 

Researchers: 
Dallas Little, Robert Lytton, & 

Erol Tutumluer 

Funding: $350,000 

Date project began: January 1997 

T he National Cooperative Highway Re
search Program (NCHRP) will develop 
the new AASHTO Pavement Design 
Guide-'zOO'z. This guide will establish 
the structural contribution of various ma
terials used as pavement layers: hot-mix 

7/rluanced lriaxial deuice for c£araclerizin.9 a.9.9re

.9ales' en.9ineerin.9 proper/res. 

asphalt, unbound aggregate bases, aggre
gate subbases, stabilized subgrades, etc. 
It is essential that the structural contri
bution assigned to each material type in 
the new guide is as accurate as possible. 
These numbers will be used for pavement 
design and analysis well into the 21st cen
tury. This project is the aggregate 
industry's effort to make available labo
ratory test data, field performance data, 
and other information to support the most 
accurate structural characterization pos
sible of unbound aggregate used in the 
pavement structure. 

T he ICAR research team has been gath
ering information from a number of 
sources to document the pertinent engi-

neering characteristics (to pavement de
sign) of unbound aggregate bases and sub
bases. They have also completed a syn
thesis of the literature available on the 
state-of-the-practice that will be updated 
continually throughout the project. Under 
the direction of Robert Lytton, the team 
has developed models that explain the 
anisotropic properties of the unbound ag
gregate system. This work demonstrates 
the stress sensitivity and anisotropic na
ture of Poisson's ratio and how critically 
important it is to measure the anisotropic 
and stress-sensitive response of Poisson's 
ratio properly. The -team has also devel
oped a model that explains the role of the 
fines fraction in the aggregate. These mod
els can be combined to provide a clear pic
ture of the structural response of the un
bound aggregate base. 

T he research team has also developed a 
testing protocol which, while significantly 
different from the AASHTO T-294-94 pro
tocol, is not more complicated. This new 
material model and testing protocol rep
resent a significantly improved method for 
accounting for the structural performance 
of unbound aggregates in pavement layers . 

• • • • • 

ICAR Project 503 
Rapid Test to Establish Grading of 

Unbound Aggregate Product.s 

Sponsor: 
Aggregates Foundation for 

Technology, Research, and Education 

Researchers: 
Alan F. Rauch and Carl T. Haas 

Funding: $200,000 
Date project began: September 1999 

T his research is designed to develop a 
prototype method or procedure suitable for 
rapidly grading unbound aggregates. De
veloping this technology may involve ad
ditional development of existing tech
niques, novel new approaches, or the com
bination of proven methods. Specific ob
jectives 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 
simulated field operating conditions 

Progress to date: 

• Examined local production facilities, 
which included a sand and gravel quarry, 
crushing and sorting operations, ready-mix 
concrete plant, and hot-mix asphalt plant. 

:~.· 
Concepfuaf desi_Jn of a .9radin.9 sf a/ion showin.9 !0JO 

poss,£/e arran.9emenls for rapidly scanniny ayyre• 

.9ale parlic!es. 
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• Refined project objectives to define the 
type of apparatus that will have greatest 
potential application in industry more 
clearly. 

• Conducted critical review and evalua
tion of potential rapid grading technolo
gies. 

The most promising approaches appear to 
be: 

• Digital Image Analysis 

• Laser Profiling 

• Active Stereopsis 

An interim report documenting this 
phase of the project has been drafted and 
will be published soon. 

• • • • • 
ICAR Project 201 

Evaluation ofSuperpave Aggregate 

Specmcations 

Sponsor: 
Aggregates Foundation for 

Technology, Research, and Education 

Researchers: 
Joe Button, Cindy Estakhri 

Funding: $300,000 

Date project began: January 1997 

When Superpave first began, evaluat
ing the properties of asphalt cement and 
their effects on pavement performance 
was the primary objective. No direct 
funding was devoted to the study of how 
aggregates contribute to pavement per
formance. Eventually, however, research
ers were required to produce aggregate 
specifications based on the experience of 
an expert task group on aggregates. 

Paving engineers and technologists 
have identified some concerns with the 
Superpave aggregate specifications. The 
objective of this project is to evaluate the 
specifications as they relate to asphalt 
paving mixture characteristics and per
formance. The three main areas of con
cern in the specifications are the fine-ag
gregate angularity (FAA) requirements, 
the restricted zone in the gradation speci-

fications, and the voids in the mineral ag
gregate (VMA) requirements. 

T he initial study efforts focused on evalu
ating the FAA and the restricted zone. 
Tests have been completed on 47 fine ag
gregates from 13 states. The angularity of 
the fine aggregates was quantified using 
eight direct and indirect methods of mea
surement. Results from an image analysis 
procedure correlated reasonably well with 
FAA results. However, FAA did not corre
late with the other angularity measure
ments. Researchers found no evidence of 
a good relationship between FAA and field 
rutting observations. 

F our aggregates (crushed granite, 
crushed limestone, crushed river gravel, 
crushed coarse gravel with uncrushed 
fines) have been used in mixtures prepared 
with the Superpave gyratory compactor 
and tested with the Superpave shear tester 
to evaluate the influence of the restricted 
zone. No effect of the restricted zone on 
permanent deformation characteristics of 
the aggregates has been found. Larger
scale testing of these mixtures is under
way to validate the laboratory findings . 

• • • • • 

ICAR Project 102 

Guidelines for Using Higher Contents of 
Crushed Aggregate Fines in 
Portland Cement Concrete 

Sponsor: 
Aggregates Foundation for 

Technology, Research, and Education 

Researchers: 
David Fowler, Barry Hudson, & 

David Whitney 

• 

Funding: $300,000 

Date project began: January 1998 

T he standard specifications for fine ag
gregates used in portland cement concrete 
(PCC) limit the amount of minus #100 

fines to 10 percent and the amount of mi
nus #200 fines (now referred to as 
"microfines") to 3 or 5 percent. Such nar
row specifications severely restrict the 
amount of fine particles that can be used 
in the mixture, although studies have 
shown that higher fines contents can im
prove the performance of the concrete and 
reduce cost. 

An estimated 289 million cubic yards of 
ready-mixed concrete is used per year in 
the U.S. If an average of 1,100 pounds of 
sand per yard is used in only 25 percent 
of the concrete produced each year, an in
crease in the amount of fines used from 5 

percent to 15 percent would result in the 
use of four million more tons of quality 
crusher fines each year. At $5 per ton, this 
would return $20 million annually to the 
aggregates industry and possibly save time 
and money on screening crusher fines. 

T his project is investigating the use of 
increased amounts of fines in PCC in or
der to produce a concrete of equal or bet
ter performance while at the same time 
using aggregates more efficiently and cost
effectively. Researchers believe that using 
manufactured sand with 5 to 20 percent 
of minus #200 fines would fill the voids 
between the coarser particles and produce 
a concrete that is more workable without 
increasing the water content. This would 
lead to a beneficial increase in density and 
greater compressive strength. 

T o date, a report on the state-of-the-art 
on manufactured fine aggregates (MFA) 
has been completed. The report summa
rizes published reports on the properties 
of MF A, sources of MF A in the U.S., and 
the effects of MFA on fresh and hardened 
concrete. Researchers are currently select
ing, acquiring, and processing aggregates 
for laboratory testing. Ten aggregate 
sources have been delivered to Svedala 
Barmac in Birmingham, Alabama and pro
cessed. Seven processed sources have been 
delivered to the testing facilities in Aus
tin, Texas. Each source contains up to eight 
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different sands. Mortar testing has been 
completed on 29 of the 63 sands which 
were characterized. Results show the 
methylene blue test to be a reliable indi
cator of the suitability of sands for con
crete use. Strength and shrinkage data 
yield superior results for microfines con
tents of 16%. Concrete batch testing is 
underway. 

••••• 
ICAR 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, 

Barry Hudson, & Joe Allen 

Funding: $330,000 

Date project began: September 1999 

Optimization of the characteristics of 

aggregates, including gradation, particle 

shape, and surface texture plays an im

portant role in workability aspects of the 

fresh concrete (bleeding, pumpability, 

flow, response to vibration, finishability, 

segregation) and the engineering prop

erties of the hardened material (modu

lus of elasticity, creep, shrinkage, etc). 

I CAR researchers slriue for !be oplimizalion of 

concrele miAlures. 

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 
specifications for optimizing concrete mix
tures. The state-of-the-art survey is sev
enty percent complete. 

••••• 
ICAR Project SOI 

Alkali-Silica Reaction in Portland 

Cement Concrete 

Sponsor: 
Aggregates Foundation for 

Technology, Research, and Education 

Researcher: 
David Fowler 

Funding: $SOO,OOO 

Date project began: January 1998 

For over 50 years, alkali-silica reactivity 
(ASR) has been recognized as a deleteri
ous chemical reaction that occurs when 
soluble sodium and potassium alkalis come 
into contact with certain silica minerals 
found in aggregates. In the presence of 
water, the alkalis react with the silica min
erals to form silica gel. The gel expands 
and creates internal stresses, which lead 
to cracks in the concrete. 

While several tests have been developed 
to identify aggregates that are potentially 
subject to ASR, further research is needed 
to identify aggregates that are actually 
ASR reactive more accurately and to miti
gate the deleterious effects of ASR. This 
research is crucial if aggregate resources 
are to be used as effectively as possible to 
reduce construction costs. 

While the overall goal of this project is 
to develop more accurate tests for ASR, 
two useful by-products of the research 
will be: 

• 

+ the start of a database correlating 
field performance of aggregates with 
laboratory test performance, and 

+ guidelines to assist petrographers and 
consultants in determining if concrete 
has suffered damage due to ASR. 

Progress has been made toward achiev
ing these goals in the following areas: 

Articles from the years 1940 to 1989 have 
been listed by their abstracts and topics. 
Hard copies of papers representing 1989 

to 1998 have been made, categorized, and 
referenced. 

Chemical analyses and x-ray diffraction 
testing have been completed on 27 aggre
gates from 16 states. Petrographic analy
sis is underway. Field performance data 
has been obtained for the aggregates. Im
proved and modified procedures for ASTM 
C 1260 and C 129S are being investigated 

Mitigation alternatives being tested in
clude cement replacement with class C and 
F flyash, granulated slag, silica fume, and 
calcined clay; chemical admixtures such as 
lithium nitrate; and air entrainment. 

••••• 

I CAR's concrete mixer yels /)!!le res/. 



JR. JE § JEA JR. C JH[ JP> JR. 0 Jf JE C 1r § 

ICAR Project 10s 

Development ofa Controlled Low Strength 
Material (CLSM) for Use in Residential 

Concrete Building Systems (RCBS) 

Sponsor: 
Aggregates Foundation for 

Technology, Research, and Education 

Researchers: 
Dan Zollinger, Christopher R. Faust 

Funding: $90,000 

Date project began: August 1998 

T he emergence of newer, more energy
efficient residential concrete building sys
tems (RCBSs) provides the aggregates in
dustry with a window of opportunity for 
developing flowable, high-fines mixtures 
and controlled low-strength material 
(CLSM) for use in residential and small
scale commercial construction. Last year, 
the Portland Cement Association (PCA) 
launched a $5,000,000 promotional cam
paign to expand the above-ground, resi
dential insulated concrete form (ICF) mar
ket by 15 percent in the next five years. 
This could mean a demand for an addi
tional 20 million yards of concrete to sup
ply ICF construction alone. 

I CAR and induslry researchers measure moislure 

con/en/ and densi!y w,!Ji /he Xucfear 'l>ensi!y 9uaye 
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T he typical ICF is a polystyrene-based, 
stay-in-place concrete form that is used as 
a structural exterior wall system. This sys
tem is several times stronger that conven
tional wood frame construction and pos
sibly even stronger than orthodox concrete 
construction techniques. Using the con
crete form, an RCBS can lower energy con
sumption as much as 70 percent over cur
rent wood frame construction while retain
ing cost competitiveness. The current sys
tem is reinforced with steel rebar and con
ventional structural concrete mixtures. 
This research hopes to prove that high
fines mixtures can provide sufficient 

• • • • • 

I CAR relies on the ex
pertise of many eminent 
rffffllU1erSfrom academia, 
government, & industry 

• 

strength for ICF systems while reducing 
the amount of steel used. 

T his ICAR project has developed tech
nical data to justify the use of high-fines 
mixtures and CLSM inside ICF wall sys
tems. It addresses constructability issues 
related to mix design and placing meth
ods, and assesses potential freeze / thaw 
damage based on thermal and climatic con
sideration. The project objectives were to 
-+ establish the feasibility of the use of 

high-fines mixtures and CLSMs in 
ICF residential construction, leading 
to the development of a new market 
for aggregate fines; 

+ validate construction methodology, 
characterize the cost competitiveness, 
and establish structural and energy 
standards for ICF wall systems using 
high-fines mixtures and a CLSM; and 

+ calibrate a numerical heat transfer 
model to evaluate potential ICF wall 
systems using high-fines CLSMs to 
develop improved wall configurations. 

T his project will assist the aggregates 
industry in taking advantage of the PCA's 
promotional effort and provide an avenue 
for the industry to promote the use of fines 
through the economic, environmental, and 
technological advantages identified as a 
result of this research. 

'l>r . .'JCennelh Q/okoe 99performs speclraf-anafysis

of surface-waves ( c'57fcS(p)) lesliny. 
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I CAR is represented on 
nearly all the major ag
gregates committees and 

professional associations. This 
has allowed the center to be
come nationally recognized 
for its role as a leader in the 
aggregates industry. And be-
cause UT and T AMU are two of the most 
highly-ranked engineering universities in 
the U.S., ICAR has a reputation as the lead
ing source for research on aggregate-re
lated technology and problem solving. 

As leaders in their fields, ICAR research
ers are called upon by industry and fed
eral and state agencies to share their ex
pertise through presentations, workshops, 
and seminars. In addition, ICAR's annual 
symposium is now widely recognized as 
the most important conference for the in
dustry, where professionals can discuss rel
evant issues and hear presentations on cut
ting-edge aggregates technology, informa
tion vital to the growth of the industry. 

JR...e§<e,aurch ,&.1[\e§ttllng: 

U nder the direction of AFTRE, 
ICAR conducts research on those 
issues that are the most crucial 

to the aggregates industry. The center 

;Join/ ICAR & AFTRE 23oa.nl'Jl(ee/in_r 

pursues research opportunities, leveraging 
funds from federal, state, and private agen
cies to produce research that is valuable to 
all concerned- -for the good of the trans
portation infrastructure; state and federal 
transportation agencies; and the aggre
gates industry. The cooperative research 
agreement between AFTRE and the Fed
eral Highway Administration (FHW A) 
will assist ICAR in fulfilling this goal. The 
agreement allows FHWA to initiate 
projects directly with ICAR and AFTRE 
and demonstrates the agency's confidence 
in ICAR's commitment to superior re
search. It is also an excellent source of 
matching funds for projects high on the 
aggregates industry's list of priorities. 
The first project funded under this agree
ment, "Evaluation of Superpave Flat and 
Elongated Specifications," will begin in 

early 2000. 

• 

Prime examples of ICAR's 
research efforts are the recently 
completed studies of increased 
single-lift thicknesses for un
bound aggregate base courses 
and the use of fines in con
trolled low-strength material 
(CLSM) for residential con
crete building systems. ICAR 
also benefits from its associa
tion with T AMU and UT, 
which provides ICAR access to 
the resources of academia, such 
as a knowledgeable staff, first
rate facilities, and talented 

graduate students, while staying sharply 
focused on the industry's needs. 

]Gndfiol)maantii01rn 

I n order to implement research and im
proved technology, the aggregates 
industry's message must be heard. 

ICAR serves as a clearinghouse for infor
mation related to aggregates research. The 
center is dedicated to putting the most cur
rent information into the hands of trans
portation officials, construction officials, 
and aggregates industry professionals. To
ward this goal, the center disseminates in
formation through its annual symposium, 
workshop and seminar participation, 
newsletters, research summaries, and tech
nical papers. 
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I CAR's annual symposium provides 
the aggregates industry with a fo
rum where engineers, educators, 

producers, constructors, and sales ex
perts can exchange ideas and share 
knowledge. Industry professionals meet 
to discuss important issues with mem
bers of academia, government agencies, 
equipment manufacturers, and aggre
gates associations. On April 19-21, 1999, 

the 7th Annual ICAR Symposium was 
held in Austin, Texas, at the Pickle Re
search Campus of the University of 
Texas. The 265 attendees represented 35 

states, the District of Columbia, and six 
foreign countries. In addition, 39 repre
sentatives of state departments of trans
portation attended. 

T hree eminent keynote speakers set 
the tone for the sessions. Kirby W . 
Pickett, Deputy Executive Director of 
the Texas Department of Transporta
tion, presented a challenging discussion 
of aggregate quality. John P. Hallin, 
ERES Consultants, Inc., discussed the 
ongoing development of the 2002 pave
ment design guide, a proposed publica
tion of the American Association of 
State Highway and Transportation Of
ficials, and one with potentially signifi
cant impact on the aggregates industry. 
Charles F. Potts, President, APAC, Inc., 
explored developments in portland ce
ment concrete in the next century. 

lE JD> lU[ <CA 1r l[ (0> N 

T he attendees heard 44 speakers address 
a variety of topics in the following areas: 

Aggregates in Concrete 

Aggregates Testing 

Aggregates Classification 

Alkali-Silica Reaction 

Aggregates Production 

Aggregates in Pavement Base Courses 

Engineering Applications of Fines 

Concrete Pavements 

T he ICAR board of directors and task 
forces also met and discussed their goals 
and plans for research and implementation 
for the coming year. At the awards ban
quet, Professor Thomas D. White, then at 
Purdue University, currently head of the 
Civil Engineering Department at Missis
sippi State University, was presented the 
annual ICAR/ AFTRE Outstanding Re
searcher award for his many contributions 
to education and research concerning ag
gregates. 

• 

T o make information on ICAR 
available to the international 
community, UT maintains a web 

site that provides updates on ICAR activi
ties and the annual symposium. The site 
also features a list of current ICAR 
projects, updates on task force activities, 
and news items relating to the aggregates 
industry. The website also posts research 
summaries as well as instructions for or
dering full reports and other publications 
so that the viewer can obtain in-depth in
formation. It may be reached at 

www.ce.utexas.edu/ org/icar 

]Lrnif oinmt;auttio irn & 
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I n addition to the twice-yearly Aggre
gate Update newsletter, ICAR pub
lishes technical reports containing 

findings from the research projects. Also, 
our research summaries are widely distrib
uted. Research summaries report project 
findings in a detailed, two-page technical 
format distributed to National Stone As
sociation and National Aggregates 
Association members; state DOTs; 
researchers; and to other industry profes
sionals. Reports on ICAR research projects 
are also made available for sale as they are 
finished . 
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