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1- Introduction

The use of Reclaimed Asphalt Pavement (RAP) in asphalt
mixtures is becoming increasingly popular due to economic
and environmental benefits. However, the most important
challenge in using asphalt mixtures with a high percentage
of RAP is the degradation of the bitumen in the RAP,
which, due to oxidation of the bitumen and the passage of
time, increases its hardness, changes its physical and
chemical properties, and reduces its efficiency. Inadequate
performance of asphalt mixtures with proper in-situ
compaction can lead to the formation of fine cracks and
premature failure of the in-situ pavement surface. Many
researchers believe that due to the layered structure of
bitumen in asphalt chips, bitumen always adheres to the
chips and creates dark-colored aggregates. This bitumen
never separates from the aggregates and prevents water
from entering the asphalt chip aggregates, so the chips will
not have any problems with moisture sensitivity. Previous
research results have shown that this is partly true, that
asphalt crumb materials do not perform as well as dark
aggregates in combination with new bitumen, and the type
of aggregate can be influential. This issue has not been
studied in detail to date, and the effect of the relationship
between the degree of denudation before asphalt recycling
and the degree of denudation after asphalt recycling has not
been studied. Examining this issue could lead road
construction professionals and those active in the asphalt
recycling industry to be more sensitive to issues such as
denudation and moisture sensitivity when designing
recycled asphalt mixtures. Therefore, in the present study,
in addition to examining the effect of different asphalt chip
materials, the effect of moisture damage in asphalt chips on
the moisture sensitivity of recycled asphalt mixtures and
the effect of using various rejuvenating agents used in
recycled asphalt mixtures on the moisture sensitivity of
these mixtures are investigated.

2- Methodology

One of the vital infrastructures in the development and
progress of any country is the construction of high-quality
roads with a long service life. The service life of road
pavement has a fundamental impact on the economy of any
society and is recognized as one of the national assets;
therefore, any damage to it will lead to a reduction in the
service life of the pavement and an increase in its related
costs. Therefore, to maintain and maintain urban and
suburban roads for a long time, many roads need to be
repaired and reconstructed. On the other hand, the budgets
allocated for pavement maintenance are not sufficient and
conventional and costly methods have delayed the timely
improvement of roads and reduced the quality and services
provided by pavements. Studies show that the use of
asphalt recycling technology before the complete
destruction of asphalt layers significantly reduces
maintenance costs. In conducting this research, we faced
certain limitations such as laboratory facilities, project
financial resources, etc.; therefore, the hypotheses and
framework of the study were adjusted in such a way that
appropriate and practical results could be achieved despite
the existing limitations. Accordingly, in this research, four
RAPs with percentages of 25, 50, 75, and 100 and three
types of rejuvenators from different groups of rejuvenators
were used. To determine the optimal percentage of
rejuvenators, aged asphalt of recycled mixtures (RAP) was
extracted and then the optimal percentage of each
rejuvenator was determined using conventional bitumen
tests (permeation degree and softening point). By
evaluating the effect of the design material structure on the
volumetric properties of asphalt mixtures, the structure and
granulation that meets the needs of the mixing design and
pavement system were selected from among the different
aggregates. By selecting the design material grading,
asphalt samples were prepared to determine the optimal
percentage of different asphalt mixture conditions, using
the requirements and standards of the Marshall mixing
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plan. Then, for the obtained optimal bitumen percentages,
samples were prepared in specific dimensions according to
the standard of each type of test using a Marshall electric
hammer compactor, and the manufactured samples were
subjected to loading by the desired devices to evaluate
mechanical properties. Finally, the results of each of the
tests performed are presented and discussed.
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Fig. 1. Steps of the research method used in this study.

3- Results

In this section, the results obtained from various
experiments on recycled asphalt mixtures containing
different percentages of different chips from urban roads in
the two provinces of Mazandaran and Golestan, and the
Hemmat and Babaei highways, and the three rejuvenators
of sunflower oil, cyclogen, and vacuum batum are
presented.

The results of the adhesion and cohesion strength in the
PULL OFF test of the mixtures made in dry and wet
conditions show that limestone has higher adhesion and
cohesion values with the base bitumen in both dry and wet
conditions and in all four types of aggregates. However,
with the addition of a rejuvenator, the adhesion and

cohesion strength in the dry state of limestone decreases
and increases in the wet state; therefore, it can be stated that
the addition of rejuvenators to recycled bitumens can have
a significant effect on increasing adhesion. Also, the use of
recycled chips with different percentages and different
rejuvenators can help improve the performance of asphalt
against tensile forces.

The results of the surface free energy measurements of
the bitumens used in this study show that the rejuvenator-
modified bitumen has a higher total surface free energy
compared to the base bitumen, which causes this bitumen
to experience less cohesion failure compared to the base
bitumen. The surface free energy measurements of the
bitumens from different samples showed significant
differences. The rejuvenator-modified bitumens showed
that they have a higher surface free energy, which could
mean improved adhesion properties and reduced
probability of failure between aggregates. Comparison of
the results with the data available in the literature showed
that increasing the percentage of rejuvenator effectively
affects the stability and performance of asphalt. In other
words, the findings of the present study indicate the
improvement of asphalt performance by using rejuvenator
compounds and recycled chips.

4- Conclusion

The most important results obtained from this study are
briefly stated below:

- Samples with calcareous chert had the highest chert
coverage (80.618 percent) and siliceous chert with a
coverage of 51.340 percent resulted in the lowest
coverage.

- According to the results of the moisture sensitivity test,
mixtures containing limestone and asphalt recycling
materials have greater resistance to moisture damage with
increasing RAP percentage, and cyclogen rejuvenator can
also be more effective than other rejuvenating materials,
but with increasing RAP percentage, the performance of
the rejuvenators becomes completely homogeneous.

- By examining the results of the PULL OFF test, it can be
concluded that the use of rejuvenators, especially cyclogen,
in modifying the surface of limestone leads to increased
adhesion and cohesion. These can be used to improve the
performance of stone materials.

- The results of measuring the surface free energy
components of the bitumens used in this study show that
the bitumen modified with a rejuvenator has a higher total
surface free energy compared to the base bitumen, which
causes this bitumen to experience less cohesion failure
compared to the base bitumen.

- Multivariate regression model for predicting moisture
deterioration behavior of recycled asphalt mixtures shows
that variables such as recovery percentage (RAP), sand
index, and Gastel index have a large impact on TSR values,
and these variables are more sensitive to moisture changes.
The TSR model is presented with high accuracy and low
error, which indicates the good performance of the model
in predicting moisture deterioration behavior of recycled
asphalt mixtures.
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Improving the Performance of Reclaimed Asphalt Pavement (RAP) Mixtures Against
Moisture Damage Using Rejuvenators

Hamidreza Eftekhari Paraham Hayati Ali Moniri

Abstract In this study, the effect of recycled asphalt chips, their percentage of use, and oil-based rejuvenators on the
moisture deterioration properties of asphalt mixtures was investigated. The bitumen used in this study was PG 64-16. In
order to determine the moisture deterioration parameters, surface water energy tests on bitumen, boiling water test (along
with image processing to analyze the extent of deterioration) and PULL OFF were performed on mixtures containing
recycled asphalt chips. The results showed that changes in the composition of chips and the addition of rejuvenators have
a significant effect on the resistance of mixtures to moisture deterioration. Also, asphalt mixtures containing limestone
have higher adhesion and cohesion values with the base bitumen in both dry and wet conditions. However, with the
addition of rejuvenator, the adhesion and cohesion strength in the dry state of limestone decreases and increases in the
wet state. The results of the PULL OFF test indicate the importance of rejuvenators in improving the adhesion of
aggregates and the cohesion of mixtures to the road surface. Also, the results of measuring the surface free energy
components of the bitumens used in this study showed that the bitumen modified with a rejuvenator has a higher total
surface free energy compared to the base bitumen.

Key Words Recycled asphalt mixture, Chip percentage, Moisture damage, Rejuvenating materials, Indirect tensile strength resistance
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