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ABSTRACT: The use of crumb rubber to modify the binders has been the interest of researchers for
many years. It has been proven that the use of asphalt mixtures containing crumb rubber is leading to
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crumb rubber modified (CRM) binder which increases mixing and compaction temperature of asphalt
mixture, is known as one of the disadvantages of using crumb rubber. So, there is a good concept for using
warm mix additives to besides improving the performance of asphalt mixture, reduce energy consumption

and environmental pollution also be considered. On the other hand, the binder has an important role in  Keywords:

the investigation of the performance of the asphalt mixture. It is also time-consuming and costly to  p. . Rheology
Warm Mix Additives

Crumb Rubber Modified Binder

evaluate the properties of asphalt mixtures. Hence, evaluating the performance characteristics of the
binder helps in understanding the performance of asphalt mixtures against various types of damage.
The main objective of this study is to investigate the effect of organic warm mix additives (waxes) on
the rutting performance of CRM binders by using the multiple creep stress recovery (MSCR) test. It~ Rutting
was found that the MSCR test results have a good correlation to rutting than SHRP criteria. The results ~ Multiple Stress Creep Recovery Test
of this study showed that the use of polypropylene wax in addition to increasing rutting resistance of

CRM binder also will lead to an increase in pavement traffic level by one degree. Despite this, slack wax

reduced the rutting resistance of the CRM binder by increasing the Jnr parameter.

1- Introduction

Rutting is one of the most important failures that occur
during the service life of asphalt pavements and significantly
impacts its performance [1]. Among the asphalt components,
Bitumen plays an important role in determining the
viscoelastic behavior and performance of asphalt mixtures.
The results of the researches show that the resistance of
asphalt mixtures against rutting depends considerably on the
rheological characteristics of Bitumen [2].

Researches results show that the use of crumb rubber
results in longer service life, lower repair and maintenance
costs, improve rutting resistance, lower road noise, and
increase skid resistance for asphalt pavement [3,4]. However,
crumb rubber leads to an increase in the viscosity of the
modified binder. As a result, the mixing and compaction
temperature of asphalt mixtures containing crumb rubber
increases [5]. So, asphalt mixtures containing crumb rubber
have great potential for using warm mix asphalt technology.
Different types of warm mix additives can significantly
reduce the mixing and compaction temperature of CRM
asphalt mixtures by reducing the viscosity of CRM binder
and increasing its workability [6].

*Corresponding author’s email: : ameri@iust.ac.ir

In recent years, the effect of warm mix additives on
the rheological properties of bitumen modified with crumb
rubber has been studied [7,8]. Research findings to date
indicate that in some cases, warm mix additives can be used
without adversely affecting the performance properties of
CRM binder [9]. However, there are conflicting results in the
performance of warm rubberized binders, mainly due to the
effects of different types of warm mix additives.

The main purpose of this study is to investigate the
effect of warm mix additives on the rutting performance of
CRM binders. In Iran, the relatively high costs of supplying
commonly available warm mix additives, which are mainly
imported, are recognized as one of the problems. For this
reason, slack wax and polypropylene wax, which are both
native and inexpensive are used in this study.

2- Methodology and Testing
2.1. Bitumen Modification

In this study, the neat 60/70 penetration Bitumen of Iran
Pasargad Oil Company was used as a base binder. Also, 15%
crumb rubber with mesh size 40 was used to obtain a CRM
binder. Slack wax and polypropylene wax were used at 2, 4,
and 6 % by weight of the neat binder.
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Table 1. Performance graded asphalt binders based on traffic level

Binder type  Juy@s2(kPa?')  Ju.ap%  Traffic Level
60-70 1.93 12.2 H
CR15 0.51 54.5 \%

CR15S2 0.67 55.8 \%
CR15S4 0.82 64 A
CR15S6 1.37 71.25 H
CR15P2 0.26 44.4 E
CR15P4 0.37 542 E
CR15P6 0.48 65.5 E
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Fig. 1. The recovery percentage of asphalt binders at 100 and 3200 Pa stress levels

2.2. Testing Program

In this study, the rotational viscosity (RV) test, dynamic
shear rheometer (DSR) test, and multiple stress recovery
(MSCR) test were performed. The RV test was performed
at temperatures of 135 (standard test temperature), 165 and
185 °C under AASHTO T316 [10]. Also, the DSR test was
performed according to AASHTO T315 at a frequency of
10 rad/s [11]. MSCR tests were performed on RTFO-aged
binders at 64°C (neat binder high performance temperature)
to simulate short-term aging in accordance with AASHTO
TP70 standard [12]. The validation of this test has been
proven by many researchers to evaluate the performance of
the binder at high temperatures. Zhou et al. also showed that
the parameters obtained from the MSCR test, especially for
polymer-modified binders, had better results than the SHRP
parameter in ranking binders based on rutting criteria [13].

3- Results and Discussion
3.1. Mscr Test Results

Figs. 1 and 2 show the percent recovery (R%) and non-
recoverable creep compliance (J, ) values for asphalt binders.

420

Polypropylene wax increased the amount of R parameter at
both stress levels in general and thereby improved the rutting
resistance of the CRM binder. The J  parameter is used to
evaluate the resistance of the binder to permanent deformation
under the influence of repetitive loading. Lower values of J |
indicate greater resistance to permanent deformation and
better performance against rutting. By adding slack wax to
the CRM binder and increasing its percentage, the value of
J . increases. Therefore, CRM binder containing slack wax
has less resistance to rutting. However, polypropylene wax
reduces the amount of J, compared to the CRM binder. The
binder containing 2% polypropylene wax has the highest
resistance to rutting at both stress levels. The performance
classification of binders based on traffic level as recommended
by the AASHTO M332 [14] is presented in Table 1.

4- Conclusion
The main objectives of this paper are as follows:

-Slack wax and polypropylene wax reduce the viscosity of
the CRM binder. Thus, one of the disadvantages of CRM
binders, which is the increase in viscosity and consequently
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Fig. 2. Non-recoverable creep compliance (Jnr) of asphalt binders at 100 and 3200 Pa stress levels

the increase in the production and compaction temperature
of asphalt mixture, is eliminated.

-2% polypropylene wax increases the high-performance
temperature of the CRM binder by one degree.

-Polypropylene wax resulted in the increased rutting
resistance of the CRM binder with increasing percent
recovery and decreasing J . Although slack wax reduces
the rutting resistance of CRM binder.

-In terms of performance grading based on AASHTO M332
and in comparison with the CRM binder, polypropylene
wax led to an increase in traffic level from V to E.
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Table 1. The properties of 60/70 Bitumen
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Table 2. Physical and chemical properties of Polypropylene wax used in this study
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Table 3. Physical and chemical properties of Slack wax used in this study
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Fig. 1. Additives used in this study, a) Slack wax b) Polypropylene wax
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Table 4. Binder IDs and the type and dosage of modifiers used in the preparation of binders
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Fig. 4. Effect of Polypropylene wax on rotational viscosity of rubberized binder
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Table 5. High performance graded of un-aged and RTFO aged asphalt binders
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Table 6. Performance graded binders specification based on AASHTO M332 [49]

Limits Jnr@3200 MSCR class ESAL
<4.5kPa! S - Standard < 10 million and more than the standard traffic speed (> 70 Km/h)
<2 kPal H - Heavy > 10 - 30 million or slow — moving traffic (20 — 70 Km/h)
<1kPa! V — Very heavy > 30 million or standing traffic (< 20 Km/h)
<0.5 kPa’! E — Extremely heavy > 30 million and standing traffic (< 20 Km/h)
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Fig. 6. Rutting parameter for RTFO-aged asphalt binders
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Fig. 7. Recovery percentage of asphalt binders at 100 and 3200 Pa stress levels
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Fig. 8. Non-recoverable creep compliance (Jnr) of asphalt binders at 100 and 3200 Pa stress levels
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Table 7. Performance graded asphalt binders based on traffic level
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Table 8. The analysis of variance results of RV test

Slack wax modified asphalt binders

Significant at

Source Sum of Squares df Mean Square F Sig.
0.05 level
Slack_Dosage 0.031 3 0.010 8.774 7E-03 YES
Crumb_Dosage 0.286 1 0.286 242.305 2.9E-07 YES
Temperature 1.566 2 0.783 663.651 1.29E-09 YES
Polypropylene wax modified asphalt binders
) Significant at
Source Sum of Squares df Mean Square F Sig.
0.05 level
P.P_Dosage 0.116 3 0.039 34.058 6.6E-05 YES
Crumb_Dosage 0.286 1 0.286 251.891 2.5E-07 YES
Temperature 1.673 2 0.837 737.113 8.5E-10 YES
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Table 9. The analysis of variance results of recovery percentage (R %)

Significant at
Source Sum of Squares df Mean Square F Sig.
0.05 level
Slack Dosage 151.767 3 50.589 295.170 1.6E-08 YES
P.P_Dosage 20.209 3 6.736 39.304 3.9E-05 YES
Crumb_Dosage 152.857 1 152.857 891.874 1.7E-09 YES
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Table 10. The analysis of variance results of non-recoverable creep compliance (Jnr)

Significant at

Source Sum of Squares df Mean Square F Sig.
0.05 level
Slack_Dosage 0.183 3 0.061 106.970 8.5E-07 YES
P.P_Dosage 0.102 3 0.034 59.488 8E-06 YES
Crumb_Dosage 0313 1 0.313 548.272 1.2E-08 YES
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