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FOREWORD

By Staff
Transportation Research
 Board

This report contains the findings of a study that was performed to identify
performance-based procedures for testing and selecting aggregates for use in hot-mix
asphalt (HMA) concrete mixtures. The report provides a comprehensive description of
the research, including a recommended set of aggregate tests to help materials engi-
neers evaluate and select the aggregates that should contribute to good performing
asphalt concrete pavements. Also, the report describes the test methods for the recom-
mended aggregate tests. The contents of this report will be of immediate interest to
materials engineers, researchers, and others concerned with the construction and per-
formance of asphalt concrete pavements.

The properties of coarse and fine aggregates used in HMA concrete mixtures are
very important to the performance of the pavement system in which these mixtures are
used. Because many of the currently used tests were developed to characterize aggre-
gates empirically without, necessarily, any relationship to the performance of the HMA
in the pavement system, their use has contributed to improper aggregate selection that
has led to less than desired pavement performance.

Under NCHRP Project 4-19, “Aggregate Tests Related to Asphalt Concrete Per-
formance in Pavements,” Auburn University was assigned the task of recommending
a set of aggregate tests that relate to the performance of HMA concrete used in pave-
ment construction. To accomplish this objective, the researchers reviewed relevant
domestic and foreign literature; identified aggregate properties that influence the per-
formance of HMA concrete in pavements; identified and evaluated, in a laboratory
investigation, the aggregate tests currently used in the United States and other coun-
tries as well as potential new aggregate tests to measure HMA performance-related
properties; and recommended a set of performance-based aggregate tests. The report
documents the work performed under Project 4-19 and discusses the linkage between
aggregate tests and the performance of asphalt concrete pavements.

The recommended set of aggregate tests can be used to evaluate and select aggre-
gates for use in HMA concrete mixtures. The report includes descriptions of those rec-
ommended test methods that are not currently being used in the United States. These
test methods will be particularly useful to highway agencies and are recommended for
consideration and adoption by AASHTO as standard test methods.
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AGGREGATE TESTS RELATED TO ASPHALT
CONCRETE PERFORMANCE IN PAVEMENTS

SUMMARY

Because aggregates constitute about 94 percent by weight of hot-mix asphalt
(HMA), the properties of coarse and fine aggregates used in HMA are very important
to the performance of the pavement system in which these mixtures are used. Many of
the currently used tests were developed to characterize aggregates empirically without,
necessarily, any relationship to the performance of HMA in pavement systems. There-
fore, research is needed to evaluate how well existing aggregate tests and potential
aggregate tests assess pavement performance. The objective of this research project is
to recommend a set of aggregate tests that can be used to evaluate the performance of
HMA used in pavement construction.

The following steps were taken to complete this research project:

1. Identification of the performance parameters of HMA that may be affected by the
properties of the aggregates;

2. Identification of the aggregate properties that influence the performance parame-
ters established in Step 1;

3. Identification and evaluation of the aggregate tests currently used in the United
States and other countries, which measure the properties identified in Step 2;

4. Identification of potential tests for measuring those aggregate properties for which
no suitable test method was identified in Step 3;

5. Conduct of a laboratory investigation to evaluate aggregate tests (identified in
Steps 3 and 4) in terms of how they can be used to evaluate the performance of
HMA; and

6. Recommendation of a set of aggregate tests that can be used to evaluate the per-
formance of HMA in pavement on the basis of the results of the laboratory inves-
tigation in Step 5.

The following three HMA performance parameters were considered in this study:
(a) permanent deformation; (b) fatigue cracking; and (c) raveling, popouts, or pothol-
ing. Permanent deformation resulting from moisture-induced damage or stripping of
HMA was also considered. Frictional resistance of HMA was not considered because
of limited project funding. The following six aggregate properties, which are related to
HMA performance parameters, were included in the laboratory research plan:



« Coarse aggregate particle shape, angularity, and surface texture;
« Fine aggregate particle shape, angularity, and surface texture;

« Plastic fines in the fine aggregate;

« Toughness and abrasion resistance;

Durability and soundness; and

+ Characteristics of P200 (material passing No. 200 sieve).

Aggregate gradation and size, although related to HMA performance, were not
included in the research plan because standard sieve analysis methods already exist.

The research team selected a variety of aggregates in order to obtain a wide range of
test values for the specific property to be evaluated. Field performance history was fac-
tored into the selection process for the toughness and abrasion study and the durability
and soundness study. ~

After measuring the specific property (e.g., particle shape, angularity, and surface
texture) of each aggregate by using different aggregate tests (both tests commonly used
in the United States and tests new to the United States), these aggregates were incor-
porated in HMA mixtures. Mix validation tests were then conducted to measure perti-
nent mix performance properties (e.g., permanent deformation and fatigue cracking).
Mix validation tests included the Superpave shear tester (of permanent deformation
and fatigue cracking), Georgia loaded wheel tester (of permanent deformation), Ham-
burg wheel tracking device test (of stripping), and AASHTO T 283 (procedures to test
stripping).

The following aggregate tests, which can be used to evaluate HMA performance
parameters (identified in parentheses), are recommended for use in evaluating aggre-
gates for HMA pavements:

1. Gradation and size (permanent deformation and fatigue cracking);

2. Uncompacted void content of coarse aggregate (permanent deformation and
fatigue cracking);

3. Flat or elongated particles (2:1 ratio) in coarse aggregate (permanent deformation
and fatigue cracking);

4. Uncompacted void content of fine aggregate (permanent deformation);

5. Methylene blue test of fine aggregate (permanent deformation resulting from
stripping of HMA);

6. Particle size analysis of P200 material for determining D60 and D10 sizes (per-
manent deformation resulting from traffic loads as well as stripping) (Note: D60
and DIO are particle sizes in mm that have 60 percent and 10 percent passing,
respectively);

7. Methylene blue test of P200 material (permanent deformation resulting from
stripping of HMA);

8. Micro-Deval test (raveling, popouts, or potholing); and

9. Magnesium sulfate soundness test (raveling, popouts, or potholing);

Test protocols have been developed in AASHTO format for all new aggregate test
methods and are included as Appendix D.

The findings of this project are based primarily on laboratory experiments—the rec-
ommended aggregate tests have not yet been validated in the field. Therefore, a field
validation plan is provided in this report. The recommended field validation plan will
also be helpful in establishing minimum and/or maximum test values for specification
purposes. The field validation plan should be executed as soon as possible.




CHAPTER 1

INTRODUCTION AND RESEARCH APPROACH

PROBLEM STATEMENT AND RESEARCH
OBJECTIVE

The properties of coarse and fine aggregates used in hot-
mix asphalt (HMA) affect the performance of the pavement
system. Often pavement distress, such as stripping and rut-
ting, can be traced directly to improper aggregate selection
and use. Proper aggregate selection is necessary to attain
desired performance.

Many current aggregate tests were developed to charac-
terize an aggregate empirically without, necessarily, the
tests having strong relationships with the pavement perfor-
mance of the final product. Widespread use, familiarity,
and a historical database have increased the popularity of
some tests; however, the highway industry would be better
served by other tests that would provide a clearer relation-
ship to performance. Thus, research is needed to evaluate
existing aggregate tests, identify new tests that relate to per-
formance, and develop better procedures for testing and
selection of aggregate used in various HMA applications.
This research is concerned with HMA used in the different
layers of flexible and rigid pavement systems, including
overlays.

The objective of the research is to recommend aggregate
tests that relate to the performance of HMA used in pavement
construction. This research included the evaluation of exist-
ing aggregate tests to assess their ability to predict pavement
performance and, where this predictive ability or clear rela-
tionship to performance was lacking, the development of
new tests.

SCOPE OF STUDY

This study consisted of two phases. Phase I comprised six
tasks, and Phase II consisted of three tasks.
Phase |

The tasks in Phase I were as follows:

o Task 1—Identify those performance parameters of
HMA used in pavement construction that may be
affected by the properties of the aggregates.

o Task 2—Identify those aggregate properties that influ-
ence the performance parameters identified in Task 1
and can be used to predict the pavement performance
(including physical, chemical, mechanical, and petro-
graphic characteristics).

o Task 3—Identify and evaluate those test procedures cur-
rently used in the United States and other countries for
measuring properties of aggregates used in HMA.
Determine which tests can be used to measure the prop-
erties identified in Task 2.

o Task 4—Identify and evaluate potential techniques for
measuring those performance-related properties for
which no suitable test method was identified in Task 3.

¢ Task 5—Develop a research plan (encompassing a lab-
oratory investigation) to evaluate and validate the tech-
niques and test methods (identified in previous tasks) for
measuring aggregate properties that relate to pavement
performance.

» Task 6—Prepare an interim report that documents the
research performed in Tasks 1 through 5 and provides a
work plan for the Phase II portion of the project.

Phase Il

The tasks in Phase II were as follows:

» Task 7—Execute the research plan, including the labo-
ratory test program, approved in Phase 1. On the basis of
the results of this work, recommend a set of tests for
evaluating aggregates used in different HMA concrete
applications.

¢ Task 8—Develop protocols for the tests recommended
in Task 7, in a format suitable for consideration and
adoption by AASHTO.

o Task 9—Submit a final report that documents the entire
research effort. The report will include a plan for vali-
dating the relationship of the proposed tests to pavement
performance in the long term and an implementation
plan for putting the results of this research into practice.

RESEARCH APPROACH

The research approach for this project included a review
of literature (Appendix A); selection of aggregate proper-
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ties for study; identification, description, and evaluation of
current aggregate test procedures; identification, descrip-
tion, and evaluation of potential techniques for measuring
aggregate properties; and development and execution of a
research plan.

Literature Review

An extensive review of literature was conducted to iden-
tify those performance parameters (e.g., permanent defor-
mation and fatigue cracking) of HMA affected by the prop-
erties of aggregates. The literature review was also used to
evaluate how various aggregate properties affect the perfor-
mance parameters of HMA (e.g., permanent deformation and
fatigue cracking).

The following aggregate properties were evaluated: gra-
dation and size; particle shape, angularity, and surface tex-
ture; porosity or absorption; cleanliness and deleterious
materials; toughness and abrasion resistance; durability and
soundness; expansive characteristics; polish and frictional
characteristics; mineralogy and petrography; chemical prop-
erties; and characteristics of the material passing 75 wm (No.
200) sieve or the P200 material.

Selection of Aggregate Properties for Study

Those aggregate properties assessed as having a major
influence on HMA performance parameters were selected for
further study.

Identification, Description, and Evaluation of
Current Aggregate Test Procedures

Specifications for aggregates used in HMA construction in
the United States and some other countries were reviewed to
identify, describe, and evaluate the aggregate test procedures
currently used to determine the selected aggregate properties.

Identification, Description, and Evaluation of
Potential Techniques for Measuring
Aggregate Properties

Potential techniques for measuring the selected aggregate
properties were identified, described, and evaluated. Devel-
opment of new test procedures was considered necessary in
case the commonly used tests lacked the predictive ability or
clear relationship to HMA performance.

Development and Execution of Research Plan

A research work plan was developed on the basis of the
information gathered in the preceding activities. General
guidelines were formulated for selection of materials, selec-
tion of mix validation tests, design of experiments, and sta-
tistical analysis of test data. Detailed work plans were then
developed for each of the selected aggregate properties. After
the research plan was executed, the test data were analyzed
statistically to determine which aggregate tests are related to
performance of HMA in pavements. A list of these aggregate
tests was then prepared. Protocols were developed in
AASHTO format for the recommended new test methods.
Because this project was primarily a laboratory effort, a plan
was developed for validating the relationship of the proposed
tests to pavement performance in the field.




CHAPTER 2

THE AGGREGATES’ ROLE IN HMA PERFORMANCE

PERFORMANCE PARAMETERS FOR HMA

The research team’s extensive review of literature
(Appendix A) revealed that several performance parameters
of HMA used in pavement construction are affected signifi-
cantly by the properties of the aggregate. A brief discussion
of each of these performance parameters follows.

Permanent Deformation

Premature rutting (or permanent deformation) of heavy-
duty HMA pavements has increased in recent years. Studies
conducted by the National Center for Asphalt Technology
(NCAT) (1, 2) have indicated that the rutting has generally
occurred in the top 75 to 100 mm (3 to 4 in.) of HMA pave-
ments. Increased rutting results primarily from high-pressure
truck tires and increased wheel loads. Although proper selec-
tion of asphalt binder grade minimizes rutting, the properties
of the aggregates (e.g., size, gradation, particle shape, angu-
larity, and surface texture) also affect rutting.

Rutting can also occur indirectly from premature strip-
ping of the HMA layer(s) and subsequent deterioration
and/or consolidation. Stripping or moisture susceptibility of
HMA pavements was identified as a significant problem in
the 1970s in the southeastern United States. Since then,
more and more states have experienced this problem (3).
Research conducted under the Strategic Highway Research
Program (SHRP) A-003B Project has shown that the
physico-chemical surface properties of mineral aggregates
are more important than the asphalt binder properties in
terms of adhesion and moisture-induced stripping (4).
Some mineral aggregates are inherently very susceptible to
moisture-induced stripping. This research concluded that
dust coatings naturally occurring on aggregate surfaces can
change the chemistry of adhesion and result in weak bond-
ing between the dust and aggregate surface that leads to
attrition of the bonding forces that help maintain the
integrity of the HMA mixture.

Raveling, Popouts, or Potholing

Aggregate for HMA must be resistant to degradation dur-
ing production (i.e., stockpiling, handling, and mixing) and

construction (i.e., transport, laydown, and compaction).
Tough, abrasion-resistant aggregate will minimize construc-
tion control problems and ensure that mix in the pavement
has properties as close as possible to design. HMA mixtures
must also be resistant to degradation when subjected to traf-
fic. Because degradation of HMA mixtures is primarily con-
trolled by the properties of aggregate, the aggregates must be
resistant to the abrading and grinding action of heavy traffic.

The HMA mixture should also be resistant to weathering
during its service life. Although coated by an asphalt binder
film, aggregates are exposed to weathering action (e.g., wet-
ting and drying and freezing and thawing) when they are
cracked or crushed during compaction or when the asphalt
film is worn off by traffic. Partial stripping of the HMA lay-
ers and/or degradation of the aggregate can also expose
aggregate surfaces to the elements. Therefore, aggregates
must be sound and resistant to weathering. Aggregates that
become weak or disintegrate when exposed to moisture, wet-
ting and drying, freezing and thawing, or heating and cool-
ing are not desirable.

Fatigue Cracking

Fatigue of HMA pavements results from repeated traffic
loading and becomes evident in the form of cracking. Stiffer
HMA mixtures have greater fatigue life in thick HMA pave-
ments (controlled-stress mode of loading) whereas more
flexible HMA mixtures have greater fatigue life in thin
HMA pavements (controlled-strain mode of loading). Air
void content affects the fatigue life and should be as small
as possible (but not less than 3 percent) to obtain optimum
fatigue life. The asphalt content of the HMA mixture affects
fatigue life. The asphalt content should be as high as pos-
sible given the stability (resistance to rutting) and frictional
resistance (if applicable) of the mixture. The gradation of
mineral aggregate has a significant effect on the stiffness
(and, therefore, fatigue life) of the HMA mixture. Dense-
graded aggregates are recommended for use in thick HMA
pavements to obtain increased mix stiffness; more open-
graded aggregates are desirable for thin HMA pavements to
obtain lower mix stiffness.

Aggregate particle shape, angularity, and surface texture
are also believed to affect the fatigue life of HMA mixtures.
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Angular particle shape and rough surface texture are thought
to enhance fatigue life. Some types of materials passing the
75 wm (No. 200) sieve (P200 material) may stiffen the HMA
mixes excessively, thereby affecting their fatigue life.

Frictional Resistance

Frictional resistance of the HMA wearing course is an
important performance parameter for the safety of the motor-
ing public. If frictional resistance deteriorates below a mini-
mum acceptable (safe) level, the pavement cannot serve its
desired function. If the mix has been designed properly (i..,
there is no excessive asphalt content), the frictional resis-
tance of the HMA pavement surface depends on the pave-
ment surface texture, which can be categorized as either
macrotexture or microtexture. Macrotexture can be obtained
by controlling the gradation of the aggregates in the mix.
Microtexture depends on the exposed aggregate surfaces
and, thus, is dependent on the properties of the aggregate,
including mineralogy.

Low-Temperature or Thermal Cracking

Aggregates have minimal effect on low-temperature or
thermal cracking, which is controlled primarily by the low
temperature properties of the asphalt binder. This is despite
the fact that low-temperature cracks are frequently observed
through some aggregate particles. However, the aggregate
gradation does have an influence on this distress mechanism.
If a highly temperature-susceptible asphalt binder is used in
a dense-graded HMA mix and in an open-graded HMA mix,
the former will have higher mix stiffness and thus will be
more likely to develop thermal cracking than the latter.

Because of the considerable influence of aggregate prop-
erties on permanent deformation; raveling, popouts, or
potholing; and fatigue cracking; these performance parame-
ters were included in the scope of this study. Performance
parameters that are not largely influenced by aggregate prop-
erties (e.g., frictional resistance and low-temperature crack-
ing) were not included.

AGGREGATE PROPERTIES RELATED
TO HMA PERFORMANCE PARAMETERS

A detailed review of literature was conducted (see Appen-
dix A) to identify aggregate properties that are related to
HMA performance parameters discussed previously. A brief
discussion of these aggregate properties follows.

Gradation and Size

Gradation of the combined aggregate in an HMA mixture
significantly affects the performance of the HMA pave-

ment. In dense-graded HMA mixtures, a reasonably dense
gradation with adequate voids in the mineral aggregate
(VMA) provides improved resistance to degradation during
construction and under traffic and improved resistance to
fatigue cracking when used in thick pavements. In open-
graded mixtures (e.g., open-graded friction course [OGFC]
and stone-matrix asphalt [SMAY)), it is desirable to have a
gradation which gives stone-on-stone contact of the coarse
aggregate. Maximum aggregate size is also important.
HMA mixtures with large maximum size generally resist
permanent deformation better than those with small maxi-
mum size.

Although aggregate gradation and size influence HMA
performance parameters such as permanent deformation and
fatigue cracking, evaluation of these properties was not
included in the research plan because an acceptable, standard
sieve analysis method already exists to determine gradation
and size.

Particle Shape, Angularity, and Surface Texture

Studies (discussed in Appendix A) on the effect of par-
ticle shape, angularity, and surface texture of aggregates on
the performance parameters of HMA mixtures revealed the
following:

« Particle shape, angularity, and surface texture of the
coarse aggregate are more critical in open-graded HMA
mixtures than they are in dense-graded mixtures.

« Particle shape, angularity, and surface texture of the fine
aggregate have more influence on the physical proper-
ties of the dense-graded HMA mixtures than on those of
the coarse aggregate.

« Angular and rough-textured particles are desirable to
obtain HMA mixtures that resist permanent deformation
and fatigue cracking. Frictional resistance of the wear-
ing courses is also improved when such aggregates are
used in the mixture.

« A high percentage of crushed particles is desirable in
gravel aggregates to obtain crushed faces with sharp
edges and rough surface texture.

« The presence of flat and elongated aggregate particles is
undesirable in HMA mixtures—such particles tend to
break down (especially in open-graded mixtures) during
production and construction, thus affecting the durabil-
ity of HMA mixtures.

» According to one study, thin (slabby) aggregates tend to
reduce the fatigue life of HMA mixtures.

Because aggregate particle shape, angularity, and surface
texture could be used in predicting HMA pavement perfor-
mance in terms of resistance to permanent deformation and
resistance to fatigue cracking, this aggregate property was
included in the research plan.



Porosity or Absorption

Mineral aggregates used in HMA mixtures have some
porosity and, as such, tend to absorb some asphalt binder.
Existing mix design procedures consider the amount of
absorbed (ineffective) asphalt binder and compensate by
incorporating additional binder in the mix. HMA mixtures
containing highly absorptive blast furnace slag aggregate
perform satisfactorily when properly designed. If the ab-
sorbed binder is not compensated for, the following prob-
lems may occur: (a) insufficient binder after absorption
leading to raveling, cracking, or stripping; (b) possible pre-
mature age hardening of asphalt binder; and (c) construction
problems, such as segregation.

Because aggregate porosity or absorption cannot be used
for predicting HMA pavement performance, this property
was not included in the research plan.

Cleanliness and Deleterious Materials

“Cleanliness” is concerned with coatings on aggregate
particles or excess material passing 0.075 mm or No. 200
sieve. “Deleterious materials” include individual particles
made up of weak, reactive, or unsound particles.

The adhesion between the asphalt binder and aggregate
can be inhibited by the presence of dust and clay coatings on
the coarse and/or fine aggregate, which results in stripping of
the HMA mixture. In the presence of water, some very fine
clayey material may cause stripping by weakening the
asphalt binder.

Deleterious materials that inhibit asphalt binder from
coating aggregate particles, react with the environment, or
do not consist of mineral matter are also detrimental to
HMA mixtures. Some examples are clay lumps, friable par-
ticles, shale, coal, glassy particles, free mica, and vegeta-
tion. The presence of free mica in aggregate has presented
performance problems in some states. It is difficult to quan-
tify the effect of many miscellaneous deleterious materials
on HMA performance parameters. However, because the
amount and type of plastic fines in the fine aggregate can be
used for predicting the performance of HMA pavements in
terms of stripping (which may lead to permanent deforma-
tion), the amount and type of plastic fines were included in
the research plan.

Toughness and Abrasion Resistance

The following general observations can be made from the
literature review (Appendix A) concerning toughness and
abrasion resistance:

» The Los Angeles abrasion test is the most widely used
and investigated method for assessing aggregate tough-
ness and abrasion resistance.

o The Los Angeles abrasion test is a dry test. Modifica-
tions to the standard Los Angeles abrasion test and dif-
ferences with other ball mill type tests involve the intro-
duction of water, (i.e., a wet abrasion process).

o Tests for aggregate toughness and abrasion resistance
are closely related to soundness and durability.

» Correlations with performance are stronger for unbound
base/subbase than for HMA.

+ No comprehensive, definitive studies directly relate ag-
gregate toughness and abrasion resistance properties
with degradation during construction, HMA properties,
or pavement performance.

Aggregate toughness and abrasion resistance could be
used for predicting HMA performance in terms of resistance
to degradation and weathering (which may lead to raveling,
popouts, and potholing); therefore, these properties were
included in the research plan.

Durability and Soundness

The literature review (Appendix A) indicates that sound-
ness and freeze-thaw tests are most widely used for assess-
ment of aggregate durability. Other tests, such as the dura-
bility index tests developed for western basalt aggregates, are
specific to aggregates containing high-plasticity expansive
clay minerals. In many of the studies, tests for toughness and
abrasion resistance are combined with tests for durability and
soundness. The link between aggregate soundness and the
performance of base/subbase and portland cement concrete
again appears stronger than the link with the performance of
asphalt concrete pavement. The link between seal coat (chip
seal or surface treatment) aggregate performance and the
soundness test has also been established in some studies.
This confirms speculation that individual aggregate particle
expansion, shrinkage, or disintegration is more likely when
uncoated and is more critical in a stiff, brittle matrix, such as
portland cement concrete.

Aggregate durability and soundness affect the HMA per-
formance in terms of raveling and popouts and, therefore,
were included in the research plan.

Expansive Characteristics

Some aggregates, such as steel slag, tend to expand if not
properly cured. The use of uncured or partially cured steel
slag aggregate can cause significant swell and popouts in the
HMA pavement and lead to its disintegration.

Although the expansive characteristics of an aggregate
may cause distress in HMA pavements, it was not in-
cluded in the research plan because it is not a general prob-
lem for aggregates and a reasonably adequate test method
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for quantifying this characteristic with relevant criterion is
available.

Polish and Frictional Characteristics

Polish and frictional characteristics of the aggregate used
in HMA wearing courses influence the friction between the
HMA surface and vehicle tires. Frictional characteristics are
determined by macrotexture and microtexture of HMA sur-
face. Aggregate gradation controls macrotexture; basic rock
properties control microtexture.

The locked wheel trailer is the primary method for mea-
suring pavement surface friction properties. The British pen-
dulum is the primary method for measuring aggregate or mix
polish and friction properties in the laboratory.

The microtexture of coarse aggregate particles is the pa-
rameter most often used for assessing suitability of a rock
source for providing frictional resistance. However, aggre-
gate size is also known to influence pavement surface fric-
tion. In addition, other mix properties (e.g., asphalt content
and air voids) affect pavement surface friction, which varies
with the polishing action of traffic. Many HMA mixes
contain aggregate from more than one source, which fur-
ther complicates the delineation of the suitability of rock
sources. This is often particularly true for fine aggregate
components.

Because of the complexity of the problem, a test that mea-
sures only the microtexture of coarse aggregate may not be
an efficient means of evaluating suitability for polish and
friction resistance. A more efficient approach would seem to
be to develop a test methodology for mixes and to include
this testing as part of mix design; however, such an effort was
considered beyond the scope of this study, so polish and fric-
tional parameters were not included in this study.

Mineralogy and Petrography

The review of literature did not reveal strong relationships
between mineralogy or petrology and the general perfor-
mance of HMA pavements. This could be because all aggre-
gate particles in HMA are coated with a film of asphalt
binder; however, polish and friction is strongly linked to
mineralogy and petrography. Studies have revealed relation-
ships between aggregate mineralogy and polish/friction
properties and have suggested that petrographic information
be used with physical testing to establish criteria for aggre-
gate polish and friction requirements. Stripping of HMA is
also affected by mineralogy, but direct relationships have not
been developed.

All aggregates used in this study were examined petro-
graphically, and pertinent mineralogical properties were
used as supplementary information in developing correla-
tions between the physical properties of the aggregates and
pavement performance parameters.

Chemical Properties

Chemical properties of aggregates have little effect on
their suitability and performance in HMA, except as they
affect adhesion of the asphalt binder to the aggregate and
compatibility with antistripping additives that may be incor-
porated in asphalt binder. Asphalt binder must stick to the
aggregate and resist stripping of the asphalt film in the pres-
ence of water. Therefore, the surface chemistry of the aggre-
gate particles plays an important role in HMA performance.
It was firmly established in SHRP studies that mineralogy
and chemical composition of aggregate are of primary
importance in stripping. There is abundant evidence that
some aggregates have a greater affinity for water than for
asphalt binder.

Aggregate chemical properties may have considerable
influence on HMA pavement performance parameters such
as permanent deformation and raveling (both resulting from
the loss of adhesion between the aggregate and binder). The
literature reviewed, however, does not offer promise that an
implementable, performance-related test procedure or realis-
tic chemical requirements can be selected or developed;
therefore, aggregate chemical properties were not included in
the research plan.

Properties of Minus 200 (P200) Material

Numerous studies (Appendix A) have shown that the
properties of mineral filler (especially the material passing
75 wm or No. 200 sieve) have a significant effect on the
performance of the HMA mixtures. Fines can influence the
performance of HMA mixtures as follows:

1. Depending on the particle size, fines can act as a filler
or as an extender of asphalt cement binder. In the latter
case, an over-rich HMA mix can result, leading to
flushing and/or rutting.

2. Some fines have a considerable effect on the asphalt
cement—making it act as a much stiffer grade of
asphalt cement than with the neat asphalt cement grade.

3. Some fines make the HMA mixtures susceptible to
moisture-induced damage.

Itis very important to characterize the fines so that the per-
formance parameters of HMA pavements are not compro-
mised; therefore, properties of P200 material were included
in the research plan.

AGGREGATE PROPERTIES SELECTED
FOR STUDY

Table 1 gives the HMA performance parameters and, on
the basis of the literature review, those aggregate properties



































































































































































































































































































