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Durability Assessment of Asphalt Rubber Mixtures 
 

Emiliano Pasquini1+, Francesco Canestrari1, and Felice A. Santagata1 
  

─────────────────────────────────────────────────────── 
Abstract: In this paper, a gap graded Asphalt Rubber Asphalt Concrete (ARAC) was studied to carefully assess durability aspects, such 
as moisture sensitivity, aging resistance, and abrasion resistance that contribute to establishing an important database of ARAC 
engineering performance. In particular, moisture sensitivity was investigated through indirect tensile and Cantabro tests on dry and wet 
conditioned specimens while the aging resistance was assessed in terms of change in the stiffness modulus, fatigue life, and Cantabro 
particle loss after the laboratory simulated long-term aging of the AR mixture. Finally, Cantabro test results on dry and un-aged samples 
were employed to evaluate the abrasion resistance of the studied material. Results were compared with those of reference materials tested 
in the laboratory or found in literature. The study provided evidence of the strong durability of the investigated Asphalt Rubber (AR) 
mixture. 
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Introduction 12 
 
Asphalt Rubber (AR) is a blend of plain bitumen and crumb rubber 
produced from reclaimed tires (ASTM D8). Many worldwide 
research studies have demonstrated that AR is able to enhance the 
mechanical performance of bituminous mixes [1-10] while 
simultaneously creating an environmental benefit by re-using a 
waste material that otherwise would be disposed or burned. 
Moreover, AR binder appears to reduce rolling noise thanks to the 
lower stiffness of the bituminous mix, thus positively influencing 
the mechanism of noise generation by a vibration source [10-12].  

Moisture sensitivity of hot mix asphalts is of fundamental 
concern because the presence of water can affect both binder 
cohesion and adhesion between the bitumen and aggregate, causing 
accelerated distresses [13-16]. Given this background, it is 
interesting to note that the water sensitivity of AR mixtures has 
attracted little attention until today [6, 7, 17-19].  

The aging of asphalt is principally caused by the loss of volatile 
components during the construction phase and by the progressive 
oxidation in the field. This results in the embrittlement of the 
mixture with consequent loss of durability in terms of wear and 
crack resistance [20-22]. When crumb rubber is blended at high 
temperatures with bitumen, the rubber particles are swollen by the 
absorption of the aromatic oils of the bitumen, thereby improving 
the aging resistance of the binder [20-22]. However, given the fact 
that only a small amount of information is available regarding the 
aging behavior of AR mixes [7, 20, 22, 23], further, more specific 
research is needed. 

Finally, as far as durability concerns, abrasion resistance is also a 
fundamental issue to be investigated in addition to moisture 
susceptibility and the anti-aging properties as illustrated by several 
research studies [7, 24-26].  

This paper summarizes the main results obtained from a 
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laboratory test program conducted to assess aging resistance, 
moisture sensitivity and abrasion resistance of a gap graded AR mix 
produced at the asphalt plant. In particular, indirect tensile and 
Cantabro tests on dry and wet conditioned specimens were carried 
out to investigate moisture sensitivity of the AR mixture, whereas 
change in the stiffness modulus, fatigue life and Cantabro particle 
loss after laboratory simulated long-term aging was selected to 
assess aging resistance of such bituminous material. Moreover, the 
abrasion resistance of the studied mix was evaluated through 
Cantabro test results on dry and un-aged samples. 
 
Laboratory Investigation 
 
Materials 
 
A gap graded Asphalt Rubber Asphalt Concrete (ARAC) for 
wearing course produced at the plant using basaltic coarse 
aggregates was selected to be investigated in this research project. 
The mixture composition is shown in Table 1 and Fig. 1. Air void 
content, voids in mineral aggregate (VMA), and VMA filled with 
binder (VFB) of ARAC, in accordance with EN 12697-8, were also 
calculated. The main AR binder characteristics are reported in Table 
2.  

For comparison purposes, a traditional dense graded asphalt 
concrete for wearing courses (AC 12 surf 70/100) prepared in the 
laboratory with calcareous aggregates characterized by a 12 mm 
maximum aggregate size and manufactured with a plain 70/100 
bitumen was studied in terms of aging resistance. The mixture 
composition of AC 12 surf 70/100 is shown in Table 1 and Fig. 1. 
Air void content, voids in mineral aggregate (VMA), and VMA 
filled with binder (VFB) of AC 12 surf 70/100, in accordance with 
EN 12697-8, were also calculated. AC 12 surf 70/100 properties fit 
within the Italian specifications for this kind of material. This 
bituminous concrete was selected as the reference mixture because 
it is commonly applied in Italy as wearing course.  
 
Experimental Program 
 
Cylindrical specimens with a nominal diameter of 100 mm and a  
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Table 4.  Summary of Cantabro Test. 

Mixture Type Type of Binder Air voids (%) Average Particle Loss (%) 

ARAC Rubber Modified 6.6 1.8 
Dense Graded Mixture [24] Plain 5.7 10.2 
50/60 Pen. Binder [26] Plain 4.0 10.0 
EVA Binder [26] Polymer Modified 4.0 5.5 
AR Mixtures [25] Rubber Modified 3.3-5.7 4.0-9.0 
SMA-LS-50pen [25]  Plain 3.6 15.0-19.0 

 
Table 5.  Moisture Sensitivity from Indirect Tensile Test. 

Mixture Binder Dry test  Wet test TSR

  Air 
Voids 

ITS Air 
Voids 

ITS  

  (%) (kPa) (%) (kPa) (%)

ARAC AR 5.9 993.0 5.7 957.0 96.4
DGAC 

[24] 
Plain 5.7 804.0 5.7 793.7 98.7

 
12697-26 Annex C, while ITF tests were performed in a controlled 
stress condition following EN 12697-24 Annex E and applying 
different stress levels. Fatigue life was assumed to be the number of 
cycles corresponding to the physical failure of the test sample. 
Aging resistance of the materials studied was assessed by 
comparing the mechanical properties of unconditioned and 
age-conditioned specimens. 
 
Mixture Conditioning  
 
In regards to water conditioning, ARAC samples were tested in 
“unconditioned” and “conditioned” configurations to determine the 
indirect tensile strength and the particle loss at a temperature of 
25°C. In accordance with ASTM D 4867, the conditioned specimens 
were partially saturated applying a partial vacuum of 370 to 410 
mbar for 5 minutes using a vacuum chamber. Afterwards, specimens 
were immersed in a water bath for 24 hours at 60°C. On the contrary, 
unconditioned samples were stored at 25°C for 4 hours, prior to 
being tested.  

As far as the aging resistance is concerned, particle loss, increase 
in indirect tensile stiffness modulus, and decrease in fatigue 
resistance were chosen as the material performance to be 
investigated. In regards to the aging procedure, short term mixture 
conditioning is used to simulate the effects of HMA aging and 
binder absorption that occurs during the pre-compaction phase 
(mixing and transportation) of the construction process. On the 
other hand, long-term mixture conditioning intends to simulate the 
effects of HMA aging that occurs over the service life of a pavement. 
Given this background, plant-mixed material (ARAC) does not need 
to be short-term aged, while laboratory prepared asphalt concrete 
(AC 12 surf 70/100) should be short-term conditioned prior to being 
subjected to a long-term aging procedure. Short-term aging (only 
for AC 12 surf 70/100 mix) and long-term aging were simulated in 
the laboratory in accordance with the AASHTO R30 specification. 
In particular, short-term aging requires the mixture to be placed in a 
pan and spread to an even thickness (25-50 mm). Then, the mixture 
should be conditioned and stirred every 60 minutes in a forced-draft 
oven for 4 hours at a temperature of 135°C. On the other hand, 

long-term laboratory aging consists of placing the compacted 
short-term aged specimens in a forced draft oven for 120 hours at 
85°C in order to simulate the aging, which occurs over 7 to 10 years 
of pavement service life. 
 
Test Results and Analysis 
 
Abrasion Resistance 
 
The abrasion resistance of the selected AR mix was assessed using 
the Cantabro test. The mean results obtained are shown in Table 4 
where, for comparison purposes, results from other previously 
investigated mixes [24-26] are also presented. 

It can be seen that the ARAC material results in this investigation 
returned very low particle loss values, clearly outperforming 
literature results. This implies that the mixture studied is expected to 
have excellent abrasion resistance. In agreement with previous 
studies [7, 24-26], the data collected in Table 4 indicate, as expected, 
that the use of more resilient crumb rubber modified or polymer 
modified binders leads to lower particle losses compared with mixes 
prepared using plain asphalt cements. Finally, no significant 
influence of air void content was observed between different 
materials having voids lower than 7%. 
 
Moisture Sensitivity 
 
As mentioned, the moisture susceptibility of the ARAC mixture was 
evaluated in terms of Indirect Tensile Strength loss and in terms of 
percentage increase in particle loss (Cantabro test) after water 
conditioning. In particular, the ITS loss is expressed as the Tensile 
Strength Ratio (TSR); that is the percentage ratio between wet and 
dry ITS. Table 5 illustrates the mean results of the ITT experimental 
program compared with those of a previously studied reference mix 
[24] subjected to the same kind of water conditioning. It is possible 
to note that no significant differences were recorded between the 
wet series and dry series for both materials. This suggests that this 
kind of test, coupled with moderately aggressive water conditioning, 
is probably unable to detect the prospective water damage. As 
confirmation of this, it is worth mentioning that several recent 
research studies [6, 7, 17, 18, 25] that adopted even more aggressive 
water conditioning characterized by freeze-thaw cycles reported 
conflicting results, in terms of TSR, between materials prepared 
with plain or modified binders, including crumb rubber modified 
binders. Thus, it may be questionable to consider the TSR value as 
the only criterion for evaluating the moisture susceptibility of the 
selected material.  
  In this regard, the moisture sensitivity of the ARAC material was  
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than in traditional hot mix asphalts. Once again, the results obtained 
are in agreement with previous studies [19, 20].   
 
Conclusions 
 
In this research study, a gap graded Asphalt Rubber mixture (ARAC) 
was laboratory tested to assess its durability in terms of abrasion 
resistance, moisture sensitivity and aging resistance. The abrasion 
resistance was evaluated by means of Cantabro tests, the moisture 
sensitivity was investigated through indirect tensile and Cantabro 
tests on dry and wet conditioned specimens, and the aging resistance 
was assessed in terms of Cantabro particle loss, indirect tensile 
stiffness modulus, and fatigue life after laboratory simulated 
long-term aging of the AR mixture. 

Test results clearly depict a remarkable durability of the material 
studied with respect to traditional reference mixtures by virtue of 
the enhanced properties of the Asphalt Rubber binder. In particular, 
very limited particle losses were shown by the ARAC mix not only 
in its original condition but also for wet and aged specimens. This 
fact suggests not only a remarkable abrasion resistance of the 
material but also notable moisture resistance and anti-aging 
properties. On the contrary, the indirect tensile test did not appear to 
discriminate the water resistance of the different mixtures. Finally, 
as far as aging resistance is concerned, the increase in ARAC 
stiffness after laboratory aging of the material was lower than that of 
the reference mixture. Moreover, the fatigue analysis shows that, 
unlike the results obtained with the traditional reference mixture, 
there was no decrease in fatigue performance of the AR mixture in 
terms of microstrain corresponding to 106 cycles to failure (6). 
These results clearly demonstrate the noteworthy aging resistance of 
the selected gap graded Asphalt Rubber mixture. 
 
References 
 
1. Bertollo, S.M., Bernucci, L.B., Fernandes, J.L., and Leite, L.M. 

(2004). Mechanical Properties of Asphalt Mixtures Using 
Recycled Tire Rubber Produced in Brazil – A Laboratory 
Evaluation, Proceedings of the 83rd TRB Annual Meeting, 
Washington D.C., USA. 

2. Kaloush, K.E., Witczak, M.W., Sotil, A.C., and Way, G.B. 
(2003). Laboratory Evaluation of Asphalt Rubber Mixtures 
Using the Dynamic Modulus (E*) Test, Proceedings of the 
82nd TRB Annual Meeting, Washington D.C., USA. 

3. Zborowski, A., Sotil, A., Kaloush, K.E., and Way, G.B. (2004). 
Material Characteristics of Asphalt Rubber Mixtures, 
Proceedings of the 83rd TRB Annual Meeting, Washington 
D.C., USA. 

4. Santagata, F.A., Canestrari, F., and Pasquini, E. (2007). 
Mechanical Characterization of Asphalt Rubber - Wet Process, 
Proceedings of the 4th International SIIV Congress, Palermo, 
Italy.  

5. Pasquini, E., Canestrari, F., Cardone, F., and Santagata, F.A. 
(2011). Performance Evaluation of Gap Graded Asphalt Rubber 
Mixtures, Construction and Building Materials, 25(4), pp. 
2014-2022. 

6. Chiu, C.-T. and Lu, L.-C. (2007). A Laboratory Study on Stone 
Matrix Asphalt Using Ground Tire Rubber, Construction and 

Building Materials, 21(5), pp. 1027-1033. 
7. Suresha, S.N., Varghese, G., and Shankar, R.A.U. (2009). A 

Comparative Study on Properties of Porous Friction Course 
with Neat Bitumen and Modified Binders, Construction and 
Building Materials, 23(3), pp. 1211-1217. 

8. Raad, L., Saboundjian, S., and Minassian, G. (2001). Field 
Aging Effects on the Fatigue of Asphalt Concrete and Asphalt 
Rubber Concrete, Proceedings of the 80th TRB Annual Meeting, 
Washington D.C., USA. 

9. Partl, M.N., Pasquini, E., Canestrari, F., and Virgili, A. (2010). 
Analysis of Water and Thermal Sensitivity of Open Graded AR 
Mixtures, Construction and Building Materials, 24(3), pp. 
283-291. 

10. Canestrari, F., Pasquini, E., Santagata, F.A., and Antunes, I. 
(2009). Asphalt Rubber: Policy Disclosure in Italy, Proceedings 
of the Asphalt Rubber 2009 Conference, pp. 967-988, Nanjing, 
China. 

11. Sandberg, U. and Easement, J.A. (2002). Tire/Road Noise 
Reference Book, Informex, Kisa, Sweden. 

12. Pasquini, E., Canestrari, F., Ferrotti, G., Santagata, F.A., and 
Serpilli, F. (2010). Acoustic Characterization of Asphalt Rubber 
Mixtures in Italy, Proceedings of the 39th International 
Congress on Noise Control Engineering – InterNoise, Lisbon, 
Portugal. 

13. Caro, S., Masad, E., Bhasin, A., and Little, D.N. (2008). 
Moisture Susceptibility of Asphalt Mixtures, Part 1: 
Mechanisms, International Journal of Pavement Engineering, 
9(2), pp. 81-98. 

14. Kringos, N., Scarpas, T., Kasbergen, C., and Selvadurai, P. 
(2008). Modelling of Combined Physical-mechanical 
Moisture-induced Damage in Asphaltic Mixes, Part 1: 
Governing Processes and Formulations, International Journal 
of Pavement Engineering, 9(2), pp. 115-128. 

15. Partl, M.N., Canestrari, F., Grilli, A., and Gubler, R. (2008). 
Characterization of Water Sensitivity of Asphalt Mixtures with 
Coaxial Shear Test, Road Materials and Pavement Design, 9(2), 
pp. 247-278. 

16. Virgili, A., Partl, M.N., Grilli, A., and Santagata, F.A. (2008). 
Damage Model for Environmental Conditioned Fatigue Test 
with CAST, Fatigue and Fracture of Engineering Materials 
and Structures, 31(11), pp. 967-979. 

17. Kaloush, K.E., Nadkarni, A., Zeiada, W., Biligiri, K.P., Burch, 
P., and Dimitroplos, C. (2009). Asphalt Rubber Mixtures 
Susceptibility to Moisture Damage, Proceedings of the Asphalt 
Rubber 2009 Conference, pp. 401-414, Nanjing, China. 

18. Shatnawi, S. (2001). Performance of Asphalt Rubber Mixes in 
California, International Journal of Pavement Engineering, 
2(1), pp. 1-6.  

19. Xiao, F. and Amirkhanian, S. (2009). Laboratory Investigation 
of Moisture Damage in Rubberised Asphalt Mixtures 
Containing Reclaimed Asphalt Pavement, International 
Journal of Pavement Engineering, 10(5), pp. 319-328. 

20. Liang, R.Y. and Lee, S. (1996). Short-term and Long-term 
Aging Behavior of Rubber Modified Asphalt Paving Mixture, 
Transportation Research Record, No. 1530, pp. 11-17. 

21. Peralta, J., Silva, H.M.R.D., Machado, A.V.A., and Pais, J. 
(2009). Rheological Changes in Bitumen Caused by Aging and 



Pasquini, Canestrari, and Santagata 

74  International Journal of Pavement Research and Technology                                                          Vol.5 No.2 Mar. 2012 

by Interaction with Rubber, Proceedings of the Asphalt Rubber 
2009 Conference, pp. 579-601, Nanjing, China. 

22. Shen, J., Amirkhanian, S., and Lee, S.-J. (2005). The Effects of 
Rejuvenating Agents on Recycled Aged CRM Binders, 
International Journal of Pavement Engineering, 6(4), pp. 
273-279. 

23. Gallego, J., Castro, M., Prieto, J.N., and Vassallo, J.M. (2007). 
Thermal Sensitivity and Fatigue Life of Gap-graded Asphalt 
Mixes Incorporating Crumb Rubber from Tire Waste, 
Transportation Research Record, No. 1998, pp. 132-139. 

24. Gubler, R., Partl, M.N., Canestrari, F., and Grilli, A. (2005). 
Influence of Water and Temperature on Mechanical Properties 
of Selected Asphalt Pavements, Materials and Structures, 
38(279), pp. 523-532. 

25. Widyatmoko, I., Elliott, R., Grenfell, J., Airey, G., Collop, A., 
and Waite, S. (2009). Laboratory Assessment of Workability, 
Performance and Durability of Rubberised Asphalt Mixtures, 
Proceedings of the Asphalt Rubber 2009 Conference, pp. 
317-327, Nanjing, China.  

26. Zoorob, S.E., Cabrera, J.G., and Alawi, M. (1999). Strength 
Deformation and Fatigue Performance of Asphaltic Concrete, 
Proceedings of the 3rd European Symposium on Performance 
and Durability of Bituminous Materials and Hydraulic 
Stabilised Composites, pp. 59-82, Leeds, Great Britain. 

27. Sengoz, B. and Agar, E. (2007). Effect of Asphalt Thickness on 
the Moisture Sensitivity Characteristics of Hot-mix Asphalt, 
Building and Environment, 42(10), pp. 3621-3628. 

 


