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Introduction

For the purposes of this project, the term “high
RAP” refers to mixtures with more than 30%
reclaimed asphalt pavement. Objectives were
to: gather information on how RAP asphalt is
activated when mixed with aggregate during
plant production and in lab trial mixing, to
research the performance of local roadways built
with typical RAP levels, and to develop high-
RAP mixtures and test them for low-temperature
performance.

Field Evaluations

Minnesota counties helped identify highway
pavements with various RAP percentages that
also had performance histories that could be
accessed through video log files.

Design information for this dataset
showed that most designs had 20-26% RAP.
PG 52-34 and PG 58-28 were the most
commonly used binders. Analysis of cracking
performance showed PG 52-34 mixtures had a
relative decrease of 40 percent in the number of
cracks per mile and an improved crack spacing
of 34 percent.

Analysis of the influence of variables on
field performance returned low correlations
between all data categories when newer
pavements were included in the analysis.
Stronger relationships were found when newer
pavements were excluded. Results indicate that

performance was most affected by pavement
age and the percentage of new AC in the
mixture, and early performance of the sections
did not entirely depend on the amount of RAP in
the bituminous mixture. Additional service life
would  further exploit any performance
differences between RAP levels since several of
the designs contained high (30—-40%) RAP.

Mixing and RAP Activation

RAP-asphalt activation was researched in an
asphalt plant and laboratory environment.
Coating was evaluated using a modified
AASHTO T195-67procedure.

Initially, 3 blends of RAP and
aggregates were heated in a batch plant without
adding new liquid asphalt binder. It was
observed that apparently: RAP binder activated
in all iterations, but higher concentrations of
RAP yielded noticeably more binder activation.
Also, higher temperatures vyielded greater
activation of the RAP binder.

Products of Plant Activation: 10 — 24% RAP.

A set of aggregate and RAP blends,
having 0-100% RAP, were produced in the
laboratory and oven heated and mixed at
assigned temperatures and times. They were
evaluated using AASHTO T 195-67 (modified)
and results were compared to the plant
produced mixtures. Results showed a large
percentage of uncoated particles were found in
nearly all batches. In cases resulting in good
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coating, either the laboratory RAP content was
above 50%, or the batches were produced by
plant mixing.

Lab Activation Trials with 23-50% RAP.

It was not possible to duplicate the influence of
plant mixing in the laboratory. Plant mixed
aggregates achieved a more uniform coating
than those that were laboratory mixed. Partially
coated laboratory mixed aggregates typically
showed abrasion with little observed transfer of
asphalt material. Observations indicated that
asphalt was pulverized and was incorporated
into the fraction passing the #4 (4.75-mm) sieve;
sizes not evaluated by AASHTO T195-67
(modified).

It was apparent there were differences
between the laboratory iterations. Predictive
models were fitted in order to learn about the
effect of various parameters on the level of
coating. As expected, the parameters of
Temperature, Mixing Time, and Heating Time of
RAP were the most influential on complete
coating in laboratory mixing situations. This
supports observations made in the field during
the Plant Activation phase. RAP% was also
important in explaining the amount of partial
coating, an effect undetectable during the Plant
Activation study or in any scenario where liquid
asphalt is added to the blend.

High RAP Mixture Designs

An 8-mixture test matrix was developed from a
baseline job-mix formula consisting of pit run
sand, quarried 0.75-in. dolostone, quarried
dolostone man sand, and 0.75-in. RAP. The
matrix included four RAP levels, with the
maximum near the theoretical maximum
percentage possible when using the 70 percent
new binder ratio criterion. Asphalt binders
included PG 58-28, the most frequently used
binder grade in Minnesota, and PG 58-34 based
on results showing favorable early field
performance of low PG-34 binders. The design
formula targeted 5.4% asphalt content.
Adjusted asphalt film thickness was calculated
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based on binder content, gradation, and
volumetric measurements.

Mixtures

. Design -
Mix ID Blgger New/Total Tﬁfdjk' Film
AC Ratio ICKness,p

RAP 0% 58-28 100% 8.5
RAP 0% 58-34 100% 8.4
RAP 25% 58-28 74% 9.0
RAP 25% 58-34 74% 8.8
RAP 40% 58-28 59% 8.1
RAP 40% 58-34 59% 8.3
RAP 55% 58-28 43% 7.6
RAP 55% 58-34 43% 7.6

Testing and Evaluation Program

Three different test methods, IDT creep, IDT
strength and SCB fracture test, were performed
to obtain creep, strength, fracture energy, and
toughness of each asphalt mixture.

Test protocol required two temperatures
based on the binder grade: the first at the low
PG, and the second at low PG + 10°C.
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IDT creep tests were performed and the
inverse of creep compliance, creep stiffness,
was calculated at 60 and 500 second loading
times. Atlow PG + 10°C stiffness ranked in the
order of the RAP content. At low PG the
differences between mixtures diminished but
55% RAP still had the highest values. Use of
PG 58-34 produced a benefit, by decreasing low
temperature stiffness, when no RAP was used.
The benefit diminished as RAP was added, until
nearly equal stiffness was observed at 40%
RAP. A comparison exclusively within the PG
58-28 IDT set produced a similar trend, as
expected.

IDT _strength tests showed RAP
mixtures generally had slightly higher strength
values than the control mixture. However,
analysis of critical temperature showed the
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increases were not sufficient to offset greater
increases in thermal stress.

Two fracture properties, fracture toughness and
fracture energy, were calculated from SCB
testing. Prior research suggests that, at PG +
10°C conditions, the respective minimum values
of 0.8 MPa*m®® and 0.35 KJm2 are
recommended to inhibit thermal cracking.

The addition of RAP lowered the
fracture energy and increased the fracture
toughness of the mixtures. For most cases, the
highest RAP content appeared to be the most
detrimental to fracture properties, particularly for
the lowest temperature.
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between 0 percent RAP mixtures evaluated at
60 seconds and 25 percent RAP mixtures
evaluated at 500 seconds.

Conclusions

Research on county data showed that, of the
variables that can be controlled during design,
the relationship of percent new asphalt binder
contained in an asphalt mixture was related to
field performance (cracking). Laboratory
mixtures having 43 to 100 percent new asphalt
binder (55 to 0 percent RAP), and two asphalt

binder grades, were evaluated for low
temperature performance with IDT and SCB
testing. IDT results generally showed similar
low temperature performance between mixtures
containing PG 58-28 and no RAP versus those
with PG 58-34 and 74 percent new binder (25
percent RAP). It is recommended that, when
low temperature performance better than PG 58-
28 is desired, low PG-34 binder may be
substituted and used in percentages greater
than 74 percent of total binder (approximately
25% RAP). This consideration would often
apply to use in wear-courses, so similar
research could be performed to establish
guidelines for non-wear scenarios.

It was found that the coating transfer of
RAP asphalt in laboratory conditions occurred at
much lower levels that those from industrial
scale plant conditions. However, RAP heating
temperature and the duration of mixing and
heating influenced coating transfer, so designers
could increase the values of these parameters to
practical maximums in order to better mimic the
results from plant conditions.
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