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Research Develops Protocols
for Modified Binders
Hussain Bahia, University of Wisconsin, and
Douglas I. Hanson, NCAT

The original specifications and test methods for Performance Graded (PG) binders were
developed for neat asphalt cements.  These tests may not be applicable to modified binders.
National Cooperative Highway Research Program (NCHRP) project 9-10, Superpave Protocols for
Modified Asphalt Binders, set out to address this concern.  The project is now nearing completion.

A survey of the users and producers of asphalts in North America showed that the majority
of state agencies intend to use more modified binders in the future.  There are, however,
serious concerns regarding the lack of testing protocols to estimate storage stability, aging,
and the appropriate mixing and compaction temperatures.  In addition, very little is known
about the rheological behavior of modified binders.

To address the main concerns, a storage stability test (LAST) and a particulate additive test
(PAT) were developed and proposed as standard tests.  The concept of Low Shear Viscosity
(LSV) was introduced to select mixing and compaction temperatures to avoid excessive
heating and to consider the shear rate dependency of modified binders.

Using advanced rheological characterization of a selected set of binders and mixtures, it was
found that the binder specification parameters in the current AASHTO MP1 could not be used to
rank the modified binders according to their contribution to mixture damage behavior.  The
concepts of non-linear viscoelasticity and energy dissipation were explored to derive better
binder parameters that can more effectively relate binder to mixture behavior.  Accumulation of
energy dissipated in viscous flow at high pavement temperatures and in fatigue damage at
intermediate temperatures was found to provide a promising technique to establish the required
link between binder and mixture performance for rutting and fatigue distresses.

Test protocols and specification parameters were developed to describe methods to inte-
grate the new concepts in future specifications.  To reliably estimate the binders’ role in
thermal cracking, a direct measure of the glass transition behavior and the use of a design-
cooling rate that is region specific are important.

Revisions to the binder grading system are recommended to include a three-level grading
scheme.  In the level-1 grading, only climate is considered; in level-2, climate and traffic
conditions are both considered; while in level-3, the pavement structure is considered in
addition to climate and traffic.

To fully verify results and derive reliable criteria, a field validation plan is proposed to test
the validity of the concepts and to derive specification criteria.

This research was conducted at the University of Wisconsin, the Asphalt Institute and
NCAT.  The final report will be out in early 2001.

Continued on Page 10

TRIAXIAL STRENGTH
PROJECT PROVIDES
INSIGHT INTO RUT
RESISTANCE

By Don Christensen, NECEPT, and
Ray Bonaquist, Advanced
Asphalt Technologies, LLC

Researchers at NECEPT/The Northeast Superpave
Center and Advanced Asphalt Technologies, LLC,
recently completed a research project examining
the relationship between triaxial strength proper-
ties and rut resistance of hot mix asphalt concrete
(HMAC) mixtures.  Triaxial strength testing is
often performed on soils and other granular ma-
terials, but has not been widely performed on
asphalt concrete mixtures.

This method of characterization involves test-
ing the compressive strength of asphalt
concrete mixtures under different levels of
hydrostatic stress; as this confining pressure in-
creases, the strength of the mixture also
increases.  The increase in strength with
confining stress is a function of the angle of
internal friction, f, which should depend partly
upon the gradation and angularity of the aggre-
gate, and partly upon the binder content.
Increasing the binder content beyond the opti-
mum, for example, will decrease the angle of
internal friction.  The shear strength under zero
confining stress is called the mixture cohesion,
c, and should be a function of the binder grade
and content, and also the degree of compaction
and other mix factors.  If performed at high tem-
peratures, the triaxial test should provide impor-
tant information about the rut resistance of as-
phalt concrete mixtures.  Unlike most other simple
performance-related tests, this technique poten-
tially tells paving engineers not just the how of
HMAC performance, but also the why.
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NECEPT Proposes Draft Specification for
Quality Assurance and Field Acceptance
of PG Binders
By Anne Stonex and Mihai Marasteanu

Continued on Page 9

delivery from the supplier before it is pumped
into the plant tanks as a precaution to verify com-
pliance with the Certificate of Analysis for that
particular material, should any problems arise
during HMA production.

Determination of the acceptance limits was not
a straightforward issue.  First, the overall approach
had to be determined and acceptance criteria iden-
tified. Deviation of test results from the specifica-
tion temperature was considered inappropriate for
acceptance purposes because the fact that differ-
ent asphalt binders have different temperature sus-
ceptibility renders this approach binder-specific.
Tying acceptance to expected pavement perfor-
mance is not a feasible approach because there is
not sufficient information to quantify how devia-
tion from a given PG binder specification crite-
rion would affect performance so as to establish
reasonable acceptance limits.  NECEPT selected
the most direct method and set acceptance limits
based on deviation from the PG binder specifica-
tion requirements.

It is important to understand just how accu-
rate, precise and repeatable each test procedure
is, as it is certainly not appropriate to set accep-
tance tolerances or limits for specified properties
tighter than test repeatability and reproducibility.
The values of the acceptance limits selected repre-
sent the within-laboratory repeatability (D2S) ob-
tained for the respective PG binder test proce-
dures in the 1998 Northeast round robin.  These
were set as threshold values beyond which the
binder is considered totally unacceptable. These
threshold values should be considered as trial
values for field validation since the impacts on
performance of the resulting pavement have not
been quantified.  However the within-laboratory
repeatability seems to provide a reasonable start-
ing point for evaluation.

AASHTO PP26-97, “Standard Practice for Certify-
ing Suppliers of Performance Graded Asphalt Bind-
ers,” provides comprehensive guidance on the certi-
fication of binder producers and suppliers.  It has
been widely adopted throughout the U.S. for that
purpose, but its scope is limited in that it deals more
with quality control than with specific items required
for an acceptance and payment plan.  PP26 does not
address what happens to the binder after it leaves the
production facility, when blending, contamination
and other handling operations may affect its proper-
ties, nor does it specify subsequent testing to identify
changes in specified properties.  It simply assigns
responsibility for quality control to the last agent that
controls the binder. Thus binder produced at a refin-
ery, shipped to a broker, stored, and then shipped to
a hot mix asphalt (HMA) producer may become the
responsibility of that HMA producer in spite of what
may have happened to it en route.

Furthermore, PP26 does not address the is-
sues of within- and between-laboratory testing
variability that are needed to estimate accep-
tance-rejection risk for the user and seller.  The
risk to the user is that of accepting material that
does not meet the specification requirements
and the possible adverse effects on pavement
performance. The risk to the seller is rejection of
material that complies with the requirements.

Thus there are a number of unanswered ques-
tions regarding acceptance of PG binders at the
project level. These include, but are not limited
to, the following:

¨ What are the criteria for acceptance?
¨ What are appropriate limits for those criteria?
¨ What is the best we can expect to do with

respect to reproducibility and repeatability
of testing?

¨ How much departure from the specification
limits can be tolerated?

¨ What are the consequences in terms of perfor-
mance for given levels of non-conformance?

To address these questions, NECEPT has de-
veloped a draft quality control/quality assurance
(QC/QA) and acceptance plan for PG binders for
use in the Northeast region as part of the Regional
Pooled Fund Study.   This plan includes a statisti-
cally based draft specification for field acceptance
of PG binders.  The draft acceptance specification
is based on within-laboratory testing repeatability
for the respective test procedures that was devel-
oped from analyses of a series of binder testing
round robins performed in the Northeast over the
last several years for the Regional Pooled Fund
Study.  The proposed specification includes guide-
lines for QC/QA as the binder passes from the
refinery to the HMA plant, recommended sam-
pling locations and frequency of testing, criteria
for acceptance and rejection, and a formula for
calculating payment adjustments.

During literature review and plan develop-
ment, four features were identified as necessary
components of any acceptance specification:

1. Frequency, location and method of sampling,

2. Determination of appropriate acceptance
limits based on repeatability and reproduc-
ibility of specification test procedures,

3. Development of a reasonable payment ad-
justment schedule that protects both user
and producer and is consistent with esti-
mated reductions in performance, and

4. An equitable method of conflict resolution,
including procedures for additional testing
when materials are in non-conformance.

The frequency of sampling should be statis-
tically based and must consider the capabilities
of the user and producer to follow the sampling
schedule and keep up with the testing burden.
Sample location depends on the purpose of the
sample.  For acceptance at the project level, the
binder samples would typically be obtained from
the feed line into the HMA plant.  However HMA
producers might wish to sample the binder upon
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A recently completed study at Iowa State Univer-
sity on behalf of the Iowa DOT undertook to re-
examine the VMA criterion used in HMA mix de-
sign since the early 1960s.  Two major questions
were addressed: (a) does the VMA criterion ad-
equately discriminate between sound and unsound
mixtures, and (b) is nominal maximum aggregate
size the best parameter to use in this application.

A detailed literature review could find no research-
based justification for the VMA criterion. The source
of the criterion appears to be a “suggestion” by Dr. N.
McLeod in 1959. This hypothesis was subsequently
adopted unchanged by the Asphalt Institute in 1963
and modified in 1995 following SHRP. It is interest-
ing to note that McLeod recommended a design mini-
mum air void content of 5%, while the current
(Marshall and Superpave) criterion is based on 4%
air voids and a 1% decrease in McLeod’s minimum
VMA. This implies that the minimum volume of ef-
fective binder required has not changed since 1959.

Adjustment of gradation and crush count to meet
the minimum VMA requirement in the design phase
is an almost daily occurrence. This fact alone im-
plies that these factors should be significant in de-
termining a minimum, or critical VMA, not nomi-
nal maximum aggregate size alone.

In the research program, three nominal maxi-
mum aggregate sizes (19 mm, 12.5 mm and 9.5
mm), three gradations (above, on and beneath
the maximum density line), two coarse aggre-
gates (100% crushed and 100% natural) and two
fine aggregates (100% manufactured and 100%
natural) were used. For each gradation, four ma-
terial mixtures were blended: 100% crushed +
100% manufactured, 100% natural + 100 % natu-
ral, 100% natural + 100% manufactured, and
50% crushed + 50% natural on each sieve.

Duplicate mixtures were prepared using 4%,
5%, 6%, 7% and 8% of a PG 58-28 unmodified
binder. The mixtures were short-term aged and
compacted to 109 gyrations in the SGC. Bulk and
Rice densities were determined. The samples were
then tested in the Nottingham Asphalt Tester (NAT)
under a repeated axial load with a confining pres-
sure of 45°C for 1800 repetitions. Permanent
strain was recorded for each sample. The binder
content at which each mixture started to exhibit
plastic deformation was determined and the volu-
metric parameters (Va, VMA, VFA, Vbe) computed
on the hypothesis that this state identified the
critical transition state from sound to unsound
behavior.  Figure 1 illustrates this transition.

Using ANOVA, each of the measured volumetric
parameters was analyzed with respect to the aggre-
gate-related parameters (nominal maximum aggre-
gate size, gradation (using Fineness Modulus as a
surrogate measure), surface area, percent crushed
coarse aggregate and percent crushed fine aggre-
gate). The nominal maximum aggregate size alone
(McLeod, Asphalt Institute and Superpave) proved to
be a poor predictor of the transition state (r2 = 0.47,
se = 1.22%), even when adjusted to 4% air voids.
ANOVA identified gradation (Fineness Modulus),
percent crushed coarse aggregate and percent crushed
fine aggregate as the only significant factors, reject-
ing nominal maximum aggregate size and surface
area as being statistically insignificant. In this case
the predictive relationship for critical VMA exhibited
an r2 = 0.88 (se = 0.58%).  The predictive relation-
ship for Vbe exhibited an r2 = 0.90 (see = 0.55%).

In summary, the results indicate strongly that
the current minimum VMA criterion is a poor pre-
dictor of the transition from sound to unsound
states, and provide better predictive relationships
for VMA, Vbe and VFA based on those aggregate-
related factors conventionally used to adjust mix-
tures to meet VMA requirements. These predictive
relationships indicate that the current criterion is,

in most cases, overly conservative
and may lead to rejection of mix-
tures and aggregates that should
provide acceptable performance.
While further research is necessary
to address the effects of such fac-
tors as binder grade and filler to
binder ratio, the results clearly indi-
cate that it is time to review critically
the basis for the inter-related volu-
metric criteria in current use if we
are to keep to the spirit of Superior
Performing Asphalt Pavements.

For further information, contact
Dr. Brian Coree at  Iowa State Uni-
versity, Ames, Iowa 50011, (515)-
294-3973 and bcoree@iastate.edu.

A new National Cooperative High-
way Research Program project
(NCHRP 9-25) will be initiated in 2001
to further address the VMA  issue.

VMA: To Be or Not To Be?
Brian Coree, Iowa DOT and Iowa State University

Figure 1.  NAT Results Used for Determining Critical Transition
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held constant.  If RAP is a black rock, then no
blending of the RAP and virgin binder occurs, and
the properties of the mixture would depend only on
the properties of the virgin binder.  This was simu-
lated by extracting the binder from the RAP then
combining the RAP aggregate in the proper pro-
portions with virgin aggregates and only the virgin
binder.  The actual practice samples were prepared
by adding the RAP, with its binder coating intact, to
the virgin aggregate and virgin binder.  Total blend-
ing was forced by extracting and recovering the
RAP binder, then physically blending it, in the
proper proportions, with the virgin binder and add-
ing that blended binder to the combination of RAP
and virgin aggregates.  All of the cases were evalu-
ated on the basis of a constant total binder content.

The concept behind this approach was that if no
blending occurred, the actual practice samples would
have mix properties similar to those of the black rock
case.  If a significant amount of blending occurred,
then the properties of the actual practice samples
would be more like those of the total blending
samples.  If partial blending occurred, the properties
of the actual practice samples would fall between
those of the black rock and total blending samples.

This comparison was made at both 10 and 40%
RAP with three different RAP materials of varying
stiffnesses.  Two virgin binders were used, PG 58-
34 and PG 64-22.  The virgin aggregate was con-
stant.  The mixture properties were determined by
testing in the Superpave shear tester (SST) at high

and intermediate temperatures and in the indirect
tensile tester (IDT) at low temperatures.

The results showed that the three cases could
not be distinguished at the 10% RAP level. See
Figure 1.   At the 40% level, however, marked
differences began to appear (Figure  2)  The black
rock samples were quite different from the actual
practice and total blending samples, while those
two sets could not be distinguished.  That strongly
suggests that a significant amount of blending
does occur, and RAP is not a black rock.  The
results also lead to the conclusion that lower
amounts of RAP can be used without affecting the
mixture properties.  There is simply not enough
RAP present at 10% to make a difference.

Binder Effects Study
The same three RAPs and virgin binders were evalu-
ated in the binder effects study to determine the
effects of RAP on blended binder grade, applicabil-
ity of the standard PG binder tests, and appropriate
recovery and testing procedures.  RAP binder con-
tents of 0, 10, 20, 40 and 100% were evaluated.

For this phase of the project, RAP binder was
extracted and recovered using a modified ver-
sion of the SHRP extraction procedure and a
Rotovapor recovery.  The recovered RAP binder
was then blended into the virgin binders and the
AASHTO MP1A tests were run to determine the
critical temperatures where the binder just satis-
fies the specification limit.

A 1993 FHWA report found that asphalt pavement
is one of the most widely recycled materials.  Each
year, 80% of the asphalt pavement that is removed
is reused.  By comparison, EPA figures show that
only 60% of aluminum cans, 56% of newsprint
and 37% of plastic beverage containers are recycled.

Decades of successful pavement recycling
have lead to this high level of reuse.  With the
implementation of Superpave, however, this wide-
spread use was in danger of slipping.  There
were no guidelines within the Superpave system
to accommodate recycled materials.

A National Cooperative Highway Research Pro-
gram (NCHRP) project was initiated in 1997 to help
fill this gap.  NCHRP 9-12, Incorporation of Re-
claimed Asphalt Pavement (RAP) in the Superpave
System, has been a joint effort between the North
Central Superpave Center (NCSC) and the Asphalt
Institute (AI).  The project is now complete, with
publication of the final report expected in early 2001.

The project investigated three main issues:

¨ Is RAP a “black rock” or does blending
occur between the old and new binders?

¨ If blending does occur, what are the effects
of RAP on the binder grade?

¨ What are the effects of RAP on the final
mixture properties?

Based on the findings regarding these three ques-
tions, the research team developed revised proce-
dures for binder evaluation and mixture design us-
ing RAP.  These findings are detailed in the final
report as well as in guidelines for specifying agen-
cies and a manual for field and laboratory techni-
cians.  Revisions to three provisional standards have
also been proposed to AASHTO and will be balloted
this year.  The proposed revisions affect AASHTO
MP2, Superpave Volumetric Mix Design, PP28,
Superpave Volumetric Design for Hot-Mix Asphalt
(HMA), and TP2, Quantitative Extraction and Recov-
ery of Asphalt Binder from Hot Mix Asphalt (HMA).

Black Rock Issue
To determine if blending occurs between the hard-
ened RAP binder and the new, virgin binder, the
researchers evaluated the properties of mixtures
with three different binder states representing black
rock, actual practice and total blending.  The aggre-
gate gradation and source (RAP or virgin) were

RAP Research Wraps Up
Rebecca S. McDaniel, NCSC

Figure 1.  At the 10% RAP level, there is no significant difference between the cases.
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The researchers at the AI found that linear
equations could be used to describe the blend-
ing of RAP and virgin binder.  RTFO aging of the
recovered RAP binder helped improve the lin-
earity of the equations and is recommended for
future use.  PAV aging of the recovered RAP
binder, however, does not appear to be neces-
sary prior to determining the critical tempera-
tures for fatigue and low temperature cracking.

The binder effects study also showed that
low levels of RAP do not appreciably change
the resulting blended binder properties.  At 10-
20% RAP, depending on the RAP stiffness, the
effects of the RAP are negligible.  At higher
RAP contents, the stiffening effect of the RAP
binder must be compensated for by blending

with a softer virgin binder.  For intermediate
levels of RAP, the stiffening effect can be coun-
teracted simply by dropping the high and low
temperature grades by one step.  At high RAP
contents, it is necessary to extract, recover and
test the RAP binder. Simple blending charts
can then be used to determine either:

¨ what virgin binder grade to use with a
given percentage of RAP, or

¨ how much RAP can be used with a given
virgin binder.

Mixture Effects Study
The evaluation of the effects of RAP on mixture
properties carried on with the same three RAPs
and two virgin binders so that results of the
different phases of the research could be com-
pared.  Shear, beam fatigue and indirect tensile
tests were used to assess the effects of the RAP
on high, intermediate and low temperature mix
properties.  The research team evaluated RAP
contents of 10, 20 and 40%.  These were also
compared to control specimens with no RAP.

The results of the various shear tests, at tem-
peratures up to 58ºC, showed a definite stiffening
effect of the RAP at the 20 and 40% levels.  The
results for the 10% level were not significantly
different from the control samples in most cases.
The stiffest RAP produced the stiffest mix, demon-
strating the effect of the stiff RAP binder on high
temperature mix properties.  The addition of RAP
can help to improve the rutting resistance of the
mixtures by stiffening the binder, provided the ag-
gregates and combined gradation are acceptable.

The indirect tensile tests conducted at 0,
-10 and -20ºC also showed a stiffening effect with
higher RAP contents.  This can lead to increased
low temperature cracking, if no change is made
in the binder grade  Beam fatigue testing also

showed a general increase in stiffness with in-
creasing RAP ratio, which resulted in a decrease
in the fatigue life.  Both the IDT and fatigue test
results show that, at high RAP contents, the stiff-
ening effect of the RAP binder must be counter-
acted by using a softer virgin binder.

Again, the results of this phase of the project
support a tiered approach to RAP usage.

Mini-Experiments
Other issues were addressed through small-scale
experiments termed “mini-experiments,” designed
to investigate very specific topics.  For example,
the effect of heating time on the RAP properties
was evaluated by looking at changes in the RAP
binder properties after heating for various lengths
of time from 2 to 16 hours and at two temperatures
(110 and 150ºC).  Overheating of the RAP was
hypothesized to further age-harden the RAP binder,
which could lead to changes in the compaction
and performance of the RAP mixture.  Heating
times of two hours or less at temperatures of 150º
C or lower are recommended based on the results

of this work.  Another mini-experiment demon-
strated the ability of the laboratory techniques used
here to simulate plant-produced material, lending
credibility to the findings.

Overall Conclusions
When looking at the results of all phases of the
project, past practice is largely confirmed.  The
use of a tiered approach to RAP usage is strongly
supported, since low levels of RAP do not ap-
preciably change the binder or mixture proper-
ties.  As the RAP content increases, the use of a
softer virgin binder is necessary to counteract
the stiffening effect of the hardened RAP binder.
At intermediate levels, dropping the binder
grade by one 6º increment is adequate.  At higher
RAP contents, the use of blending charts to
determine the appropriate binder grade or al-
lowable amount of RAP to use is necessary.

The tiers recommended by the Mixture Expert
Task Group in 1997 appear reasonable.  Those
tiers were developed based on past experience
with RAP in Marshall mixtures with conventional
binders, not on any real data with Superpave mixes
and PG binders.  Results from this research sug-
gest, but do not confirm, the possibility of using
even higher amounts of RAP in each tier if the
RAP is softer.  More research, perhaps on a state
level, is needed to confirm this possibility.

Practical Considerations
What do the results of this project mean?  They
should give confidence to states and contrac-
tors who choose to use RAP in their Superpave
mixtures.  It can and will work, provided a few
precautions are followed.  Mixtures with 15 to
20% RAP will likely become much more com-
mon.  These mixtures can be designed without
performing extensive binder testing.

At high RAP contents, the gradation and prop-
erties of the RAP aggregate may limit the amount
of RAP that can be used.  RAP variability will
need to be controlled by good stockpile man-
agement, and perhaps processing the RAP, in
order to meet production tolerances on the mix-
ture.  Due to the time and costs involved in devel-
oping binder blending charts, it is likely that
high RAP contents (over about 25% RAP) will
only be used where there are strong economic
benefits to justify the additional testing costs.

Detailed testing procedures and mix design
examples are provided in the technicians’
manual and agency guidelines.  If you have
questions about the research, contact
Rebecca McDaniel at the North Central
Superpave Center, 765/463-2317, extension
226, or rsmcdani@purdue.edu.

Figure 2.  At 40% RAP, differences between the cases start to appear.
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Figure 1

The National Center for Asphalt Technology
(NCAT) has undertaken National Cooperative High-
way Research Program (NCHRP) Project 9-14,
“Investigation of Restricted Zone in the Superpave
Aggregate Gradation Specification.” The primary
objective for this research is to determine under
what conditions, if any, compliance with the re-
stricted zone requirement is necessary when the
asphalt paving mix meets all other Superpave
requirements such as fine aggregate angularity
(FAA) and volumetric mix criteria.

The Strategic Highway Research Program’s
(SHRP) asphalt research was primarily aimed
at the properties of asphalt binders and paving
mixes and their effect on asphalt pavement per-
formance. The study of aggregate properties (in-
cluding gradation) was intentionally excluded
from the asphalt research program. However,
SHRP researchers had to recommend a set of
aggregate properties and an aggregate grada-
tion specification (without the benefit of experi-
mentation) so that a comprehensive Superpave
mix design system could be formulated.

In lieu of a formal aggregate research pro-
gram, an Aggregate Expert Task Group used a
modified Delphi approach to develop a set of

NCAT EVALUATES RESTRICTED ZONE IN
SUPERPAVE GRADATION
by Allen Cooley, Research Engineer, NCAT

recommended aggregate properties and criteria
that are now included in the Superpave volu-
metric mix design method. The final recom-
mended aggregate gradation criteria included
control points between which the gradation must
fall and a restricted zone that lies along the maxi-
mum density line (MDL)

Although the restricted zone was included in
Superpave as a recommended guideline and not
a required specification, some highway agen-
cies are interpreting it as a requirement. Many
asphalt technologists believe that compliance
with the restricted zone criteria may not be de-
sirable, or even necessary, in every case to pro-
duce asphalt mixes with good performance.

The Georgia Department of Transportation has
successfully used such mixes for many years. Some
asphalt technologists also question the need for
the restricted zone when the mix has to meet volu-
metric properties such as minimum voids in the
mineral aggregate (VMA) and specified air void
contents at Ninitial, Ndesign and Nmaximum gyrations.

Since the restricted zone is applied within the
fine aggregate sieve sizes, the shape and texture
of the fine aggregates are the most important fac-
tors affecting the performance of HMA mixtures.

Therefore, the approach taken in identifying and
selecting fine aggregates for use in the study was to
select aggregates with varying values of fine aggre-
gate angularity (FAA). Also included within the se-
lection criteria was the mineralogical composition
of the fine aggregates. To accomplish the research
objectives, three “Parts” will be utilized. Factor-level
combinations included in Part 1 of this project
consist of two coarse aggregates, nine fine aggre-
gates, five 9.5 mm nominal maximum aggregate
size (NMAS) gradations and one compactive effort.
Different NMAS gradations and compactive efforts
will be used in Parts 2 and 3 of this project. Of the
five gradations proposed to be used in all parts,
three will violate the restricted zone while two will
fall outside the restricted zone (control). These five
gradations are illustrated in Figure 1.

All five gradations follow the same trend from
the 12.5 mm sieve down to the 4.75 rum sieve.
From the 4.75 min sieve, the BRZ gradation passes
below the restricted zone and above the lower con-
trol points. The ARZ gradation passes above the
restricted zone and below the upper control points.
These two gradations are designated the control
gradations since they do not violate the Superpave
restricted zone. The remaining three gradations
do violate the restricted zone. From the 4.75 mm

Figure 1.  Five gradations used in NHRP 9-14.
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sieve, the TRZ gradation passes almost directly along the
maximum density line through the restricted zone. The
Hump gradation follows a similar gradation as the TRZ
gradation down to the 1.18 mm sieve where it humps on
the 0.6 and 0.3 rum sieves. The hump gradation repre-
sents gradations generally containing a large percentage
of natural sands, and is likely to cause tender mixes. From
the 4.75 rum sieve, the crossover gradation begins above
the restricted zone on the 2.36 mm sieve but then crosses
through the restricted zone between the 0.6 and 0.3 mm
sieves. The crossover gradation represents gradations which
are not continuously graded between the 2.36 mm and
0.60 mm sizes and generally exhibit low mix stability. All
five of the gradations then meet at the 0.15 mm sieve and
follow the same trend down to the 0.075 mm sieve. A
common material passing 0.075 mm sieve or No. 200
sieve (P200) will be used in all HMA mixtures to eliminate
P200 as a variable. Different P200 materials stiffen the
asphalt binder and HMA mixtures to a different degree and,
therefore, will affect the mix performance test results.

Over 100 mix designs will be conducted during this
study. On all mixes that meet volumetric criteria (VMA,
VFA, and percent density at Ninitial and Nmaximum) perfor-
mance testing will be conducted.

The performance of mixes meeting volumetric require-
ments will be evaluated on the basis of performance related
mechanical tests. Since the primary purpose of the re-
stricted zone is to avoid rut-prone mixes, the mixes in this
study will be evaluated for their rutting potential. This will
be accomplished by two different types of tests: empirical
and fundamental. For the empirical test, the Asphalt Pave-
ment Analyzer (APA) will be used. The Superpave shear
tester (SST) and the dynamic confined creep (DCC) test
will be utilized as fundamental tests. These three tests are
proposed to ensure a satisfactory conclusion of this study.

Test results from the three mechanical tests will be
analyzed to obtain performance data of HMA mixtures con-
taining different gradations and FAA values.

It is not expected that all three permanent deformation
tests (one empirical and two fundamental) will provide
exactly similar results. If that was the case, only one mix
validation test would have been sufficient. However, all
three tests may not be equally sensitive to changes in gra-
dation and FAA values. Their relative sensitivity to changes
in gradation and FAA values will be evident from the test
data. The test which is most sensitive to these two impor-
tant factors of this research project will be considered rel-
evant and significant.

Statistical analysis of the test data should demonstrate
very clearly under what conditions, if any, compliance with
the restricted zone requirement is necessary when the HMA
mix meets all other Superpave requirements such as FAA
and volumetric mix criteria for the project.

This project is scheduled to be completed by April 30, 2001.

Draft Specification (PG Binders)
Continued From Page 4

The proposed payment schedule for each measured binder property is de-
fined by a parabolic curve.  The continuous payment function is based on the
following factors:

¨ The measured value, MV, for which payment is requested.

¨ The specification value, SV, based on AASHTO MP1. The payment at
the specification value is 100%.

¨ The threshold value, TV, beyond which there is no payment.

¨ The payment at the threshold value, PTV, expressed as a percent of full
payment.

When more than one property is in noncompliance, the payment ad-
justment factors for each property are added together.  In the proposed
specification, rejection occurs if the total of the adjustment factors for one
or more criteria equals 70 percent or more.  However neither this value nor
those proposed for TV and PTV are cast in stone and may be varied as
appropriate.  In fact, NECEPT has prepared a QA Simulation Program
based on the proposed specification that can be used to evaluate the effects
of varying these values on the payment factor and on acceptance or rejec-
tion of the material.  Inputs that can be varied are within-laboratory stan-
dard deviation, D1S (D2S=2.8D1S), MV, SV, and TV.  The program has
been distributed on a very limited basis to agencies and producers in the
Northeast.

The proposed specification is based on acceptance of lots of material
rather than the more traditional percent-within-limits (PWL) approach.  How-
ever a lot and sublot as defined for field acceptance of binder ARE NOT the
same units as defined for binder supplier certification. Unless otherwise
specified by the user agency, a lot for field acceptance of PG binder is defined
as one week (or minimum three days) of HMA production.  Each lot is
subdivided into sublots that correspond to a single day of HMA production.
Frequency of sampling is at least one sample per sublot.  Frequency of
testing is one or more samples per lot, and acceptance is based on the test
results.  If the results of the lot sample tested do not comply with specifica-
tion requirements, the lot may be declared noncompliant and the mixture
supplier notified.  Provisions for testing additional samples are included, as
well as for third party tests.  Lot size and frequency of sampling may vary
from state to state, but these can be varied within the framework of the draft
specification.

NECEPT has been asked to consider substituting a PWL based approach,
as many agencies are accustomed to using PWL.  NECEPT will evaluate the
use of both lot and PWL approaches using data from the 2000 construction
season and the simulation program as a start, and then continuing with
additional field data as it becomes available in 2001.  The draft specification
is currently being revised to incorporate comments from users and produc-
ers, so that it can be evaluated on a regional basis as a trial or “ghost”
specification during the 2001 construction season.  Further modifications
are expected before the specification is finalized and implemented.
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TRIAXIAL STRENGTH PROJECT Continued from Page 3

In this study, funded by the Federal Highway Administration through the Pennsylvania Department of Transportation, ten dense graded asphalt
concrete mixtures were evaluated using a variety of tests.  Six of these mixtures were based upon Marshall-design mixtures placed on S.R. 11 in
Pennsylvania in 1991; the other four were based upon Superpave mixtures designed with varying levels of compaction, placed in New York State
several years ago.

In the standard triaxial test protocol, confined and unconfined compressive strengths were determined on 70-mm diameter by 140-mm high
cores, at a temperature of 33 °C and a loading rate of 7.5 mm/min.  The test temperature and loading rate were selected to rheologically
approximate traffic loading conditions in a pavement at 53° C, the critical temperature for rutting in much of Pennsylvania and New York.

Because coring and sawing specimens for the standard protocol is time consuming and tedious, as is performing strength tests under
confining pressure, a simplified testing procedure was also evaluated.  This abbreviated protocol involved testing of gyratory specimens directly,
without sawing or coring.

Compressive strength tests were performed on 150-mm diameter by 150-mm high gyratory specimens, and indirect tensile strength tests were
performed on 150-mm diameter by 100-mm high gyratory specimens.  Internal friction and cohesion were determined for all ten mixtures using
the standard procedure, the abbreviated protocol and also by using both sets of data together.  These test data were in turn compared to field
performance for the six S.R. 11 mixtures and to repeated shear at constant height (RSCH) data determined using the Superpave shear test device.
The RSCH test is considered an effective laboratory test for evaluating the rut resistance of HMAC mixtures.

The research team found that the most reliable estimates for internal friction and cohesion were obtained by pooling data from both procedures.
Furthermore, the abbreviated protocol provided good estimates of mixture cohesion.  In fact, the indirect tension test alone appears to provide very
good estimates of this important parameter.  Estimates of mixture internal friction did not agree as well among the various methods, although the most
meaningful data appeared to be produced by the abbreviated protocol.  Mixture rut resistance, as indicated by the RSCH data and field performance,
correlated best with mixture cohesion and indirect tensile strength (R2 values from 0.62 to 0.96).  The figure below shows the relationship between IDT
strength and maximum permanent shear strain from the RSCH test.  Unconfined and confined compressive strength data determined using the
standard triaxial procedure correlated well with RSCH data (R2 of 0.81 and 0.76, respectively), but not with rut rates in the field.

The results of this research are surprising in that they suggest that the rut resistance of asphalt concrete mixtures depends more on mixture
cohesion than on internal friction.  However, it is likely that if mixtures containing poor quality, rounded aggregates had been evaluated, internal friction
would have been a more significant factor in explaining the rut resistance of the mixtures.  It appears that the indirect tensile strength test, when properly
conducted, can be a good indicator of rut resistance.  This is an exciting finding, since this standard test is very simple to perform, even on cores from
thin overlays, making it a good candidate for quality control and acceptance testing of pavements as-constructed.  Existing data on IDT strength and
field performance of HMAC mixtures could provide additional data for examining the relationship between mixture cohesion and rut resistance.

Plot of maximum permanent shear strain as a function of indirect tensile strength for ten asphalt concrete mixtures.


