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ABSTRACT 
 
 

Brazil has more than 218,000 km of asphalt-paved highways. Bitumen is a generic term for 
natural or manufactured black or dark-colored solid, semisolid, or viscous cementitious materials 
that are composed mainly of high molecular weight hydrocarbons (90-95%). Several papers have 
shown that the irradiation process has changed the mechanical behavior in some polymers. This 
work aims to analyze the behavior of Brazilian irradiated Bitumen (CAP 50-70). In order to 
provide a preliminary evaluation, bitumen samples and cylindrical specimens of asphaltic mixture 
were tested. The bitumen samples were irradiated 0.1 to 300 kGy, and asphaltic mixture specimen 
was irradiated 5 to 300 kGy. The cylindrical asphaltic mixture specimen of 10.16 cm diameter 
used in this study was molded using an asphalt-aggregate mixture. The specimens were irradiated 
in LIN/UFRJ/Brazil using a Gammacell Co60 source of gamma irradiation with an applied dose 
rate of 29.7 Gy/min. After irradiated, the bitumen samples were subjected to penetration test and 
the asphaltic mixtures were subjected to Indirect Tensile Strength (IDT) test (diametral 
compression) for determination of the resilient modulus (MR), according to ASTM method D 
4123. The results of these experiments for each dose were compared with the control (non-
irradiated). As expected, the penetration results showed that the ratio (irradiated/non-irradiated) 
decreases with increasing of irradiation dose for bitumen samples and the resilient modulus results 
showed that the ratio (irradiated/non-irradiated) increases with increasing of irradiation dose for 
asphaltic mixture. 

 
 

1. INTRODUCTION 
 
 

In 2008, Brazil had more than 218,000 km of asphalt-paved highways, according 
to Brazil's national land transport agency. The road transport represents about 
70% of cargo in the country, or more than 400 billion tonnes of products by year 
[2]. 
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A flexible pavement is a multilayer structure with finite thickness [6], in order to 
sustain vehicular traffic, climate change, and provide better comfort, security and 
economy for driver. Flexible Pavements are composed of bituminous material and 
aggregate mixtures or various combinations of layers of these mixtures on layers 
of aggregate base or sub-base [12]. The bitumen mixture is structure responsible 
for flexibility and impermeability. Bitumen is a sticky, black and highly viscous 
liquid or semi-solid that is presented in most crude petroleum and in some natural 
deposits or the produced from the distillation of crude petroleum “atmospheric 
and under reduced pressures in the presence or absence of steam” [11], it’s 
composed by complex hydrocarbons that can be fractionated in saturates, 
aromatics, resins and asphaltenes. 
 
 
Bitumen aging is one of the principal factors causing the deterioration of bitumen 
pavements. It is generally divided into short-term aging (which occurs during 
manufacturing and laying processes) and long-term aging (which occurs during 
the service life). It is responsible for a deterioration of the physical and 
mechanical properties of the bitumen. This paper describes a study that 
investigates the gamma radiation influence in the aging of the bitumen and 
asphaltic mixes. The bitumen samples and asphaltic mixture specimen were 
irradiated with Gammacell 220 irradiator. The mechanical properties of the 
bitumen were evaluated by penetration test, and the resilient modulus test was 
used to evaluate the changes in the asphaltic mixtures. 
 
 
Gamma radiation is one of the three types of natural radioactivity. Gamma rays 
are electromagnetic radiation, like X-rays. Gamma rays are the most energetic 
form of electromagnetic radiation, with a very short wavelength of less than one-
tenth of a nanometer. Gamma radiation is the product of radioactive atoms. 
Gamma rays have been used to sterilize certain foods, such as milk, chicken, 
pork, potatoes, spices, tomatoes, strawberries and ground beef. The process by 
which gamma rays pass through foods to sterilize them is known as irradiation. 
This food sterilization method allows people to store foods, especially fruits and 
vegetables, for longer, and it also helps to kill bacteria, mold and other materials 
that get into foods. Passing gamma rays through foods does not bring 
radioactivity to the materials, since no radiation traces are left on it, but it can 
damage some of the physical properties of the foods, such as their flavors or 
texture. Irradiation sometimes removes key vitamins from foods. 
 
 
 

2. MATERIALS AND METHODS 
 
 
 
2.1. Gamma radiation 
 

Irradiation was implemented in the Gammacell 220 facility (LIN/UFRJ/Brazil) 
with a Co-60 gamma source at the dose rate of about 29.7 Gy/mim. The bitumen 
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samples were irradiated with doses of 0.1, 1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 100, 
200 and 300 kGy and asphaltic mixture specimen with doses of 5, 10, 20, 30, 40, 
50, 100, 200 and 300 kGy. 
 
 

2.2. . Bitumen  
 
 

This study has used 50/70 penetration for the Refinery Lubnor, whose properties 
are shown in Table 1. The test method used in this study for determination of the 
bitumen property is the penetration test at 25 °C (ASTM D5 or ABNT NBR 
6576:2007).  
 
 
 

Table 1. Bitumen’s properties 
 

Penetration 50/70 
Origin: 

Lubnor Petrobras 
Refinery 

Date: 
08/31/2010 

PROPERTIES METHOD Units Results 
Penetration at 25 °C ABNT NBR 6576:2007 0,1mm 55 
Softening point ABNT NBR 6560:2008 ºC 52,6 
Saybolt-furol viscosity at 135ºC ABNT NBR 14950:2003 S 270 
Saybolt-furol viscosity at 150ºC S  
Saybolt-furol viscosity at 165ºC 

 
S  

Flash point ABNT NBR 11341:2004 ºC >300 
Ductility at 25ºC ABNT NBR 6293/2001 Cm >150 

Penetration Index - PI PA  (50logPEN) - 120

1951 -PA  20500logPEN
 PI 





 

- -0,3 

Brookfield viscosity at 135ºC ABNT NBR 15184:2004 cP 532 
Brookfield viscosity at 150ºC cP 256 
Brookfield viscosity at 165ºC 

 
cP 90 

G* ASTM D 7175-08 kPa  
G*/sen (≥ 1,0kPa) kPa  

 degrees  

- Dynamic Shear 
Rheometer - DSR - 
control specimens 

Temperature
 

ºC  
Rolling Thin-Film Oven Test - RTFOT - ABNT NBR 15235:2009 
Change of mass ABNT NBR 15235:2009 % mass -0,086 
Ductility at 25ºC ABNT NBR 6293:2001 Cm >150 
Softening point ABNT NBR 6560:2008 ºC 5,4 
Retained penetration (*) ABNT NBR 6576:2007 % 64 

G* ASTM D 7175-08 kPa  
G*/sen (≥ 2,2kPa) kPa  

 degrees  

- Dynamic Shear 
Rheometer - DSR - after 
RTFOT 

Temperature
 

ºC  
Jnr ASTM D 7405-08 Rev. A kPa-1  

% Def. Recovered %  MSCR 
Temperature

 
°C  

Pressurized Aging Vessel - PAV - ASTM D 6521-08 
G* ASTM D 7175-08 kPa  

G* x sen (≤ 5000kPa) kPa  
 degrees  

- Dynamic Shear 
Rheometer - DSR - after 
PAV 

Temperature
 

ºC  
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m (> 0,300) ASTM D 6648-08 -  Bending Beam 
Rheometer - BBR S (< 300MPa)  MPa  
PG (Performance Grade)  AASHTO M 320-09 PG  

 
AASHTO M 320-09 –  

Table 3 
PG  

 
 
 

The penetration test at 25°C consists to measure the displacement of a vertical 
standard needle, for a total mass of 100 grams, allowed to sink into a container of 
asphalt binder at room temperature (25°C) during five seconds. The bitumen 
samples ratio has obtained by dividing the values of penetration test of irradiated 
and non-irradiated (control specimens). 
 
 

2.3. Asphalt Mixture 
 
 

The specimens used in this study were molded using an asphalt-aggregate mixture 
of (10 ± 0.005) cm diameter and (6.3 ± 0.005) cm height. The specimen was 
prepared with asphalt content 4,3% using the Superpave mix design procedure. 
The specimens were prepared using 50/70 penetration bitumen and the aggregate 
gradations are shown in the table 2. 
 
 
 

Table 2. Gradation of asphalt mixture studied 
 

sieves 
# mm 

% passing 

3/4"  19,1 97,05 
1/2" 12,5 77,96 
3/8" 9,5 73,71 
No 4 4,75 56,71 
No 10 2,00 39,39 
No 40 0,42 20,41 
No 80 0,18 11,45 
No 200 0,075 5,25 

 
 
 
 
 
 

2.4. Resilient Modulus Test 
 
 

Resilient Modulus is an important parameter to determine the performance of 
pavement (Asphalt Mixture), and to analysis the pavement response to traffic 
loading (ASTM D 4123). Modulus Resilient Test was carried out using loading 
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device and is conducted by repeated loading a cylindrical specimen across its 
vertical diametral plane (Figure 1). The specimens used in this study were an 
asphalt-aggregate mixture of 10.00cm diameter and 6.3cm height. Apparatus used 
in resilient modulus test was developed by COPPE/UFRJ. 
 
 
 

 
 

Figure 1. Diagram of the diametral compression system. 
 
 
 
 
 

3. RESULTS 
 
 

Figure 2 shows the ratio (irradiated/non-irradiated) obtained with penetration 
results for each dose. The bitumen samples were irradiated with several doses (0, 
1, 1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 100, 200 e 300 kGy). The ratio (irradiated/non-
irradiated) decreases with the increase of doses. The penetration tests are required 
to verify its physical properties of bitumen. One can see from Figure 2 that the 
decreases of the ratio (irradiated/non-irradiated) of penetration increase the aging 
of the bitumen. The comparison of the penetration results obtained with those 
from the literature (fig 4) shows bitumen aging. 
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of Squares

491,63227

Adj. R-Square 0,6437

Value Standard Erro

C1 Intercept 0,90597 0,05003

C1 B1 -0,00462 0,00192

C1 B2 9,18684E- 6,49687E-6

 
 

Figure 2.  Influence of irradiation in the bitumen penetration ratio 
(irradiated/non-irradiated). 

 
 
 

Figure 3 shows the ratio (irradiated/non-irradiated) of resilient modulus results for 
each dose. The asphaltic mixtures were irradiated with several doses (5, 10, 20, 
30, 40, 50, 100, 200 e 300 kGy). The ratio (irradiated/non-irradiated) increases 
with the dose increase. The resilient modulus tests are required to verify its 
mechanical properties of asphaltic mixture. It can be seen from Figure 3 that the 
increase of the ratio (irradiated/non-irradiated) of resilient modulus increases with 
the asphaltic mixture aging. Therefore the bitumen aging is directly related to the 
asphaltic mixture aging. A comparison between Figs. 3 and 4 shows equivalent 
behavior in the bitumen aging. 
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Figure 3. Irradiation influence in the asphaltic mixture ratio (irradiated/non-
irradiated). 

 
 
 

Figure 4 shows the bitumen aging during different steps in the road construction 
and in service. It shows the aging through the relationship between viscosity after 
the aging in each instant (ηa) and the original bitumen viscosity (ηo). The 
comparison between the Whiteoak [14] results, showed in Figure 4, and the 
results in this work demonstrated the similar behavior in the bitumen aging. 
 
 
 

 
 

Figure 4. Bitumen aging during mixing, storage, transportation, application 
and in service [14]. 
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4. CONCLUSIONS 
 
 
The following conclusions are drawn from penetration and resilient modulus 
(MR) results. The penetration results of CAP 50/70 showed that doses below 5 Gy 
inhibited the influence of gamma radiation in the bitumen mechanical properties. 
The results of MR tests agree with Whiteoak, leading to conclusion that the 
gamma radiation causes aging in Bitumen and Asphaltic mixes. 
 
 

ACKNOWLEDGMENTS 
 
 

The authors would like to thank CNPQ, CENPES/RJ and COPPE/UFRJ for financial 
and technical support to the research project on aging of bitumen. 

 
 

REFERENCES 
 
 

1. ABNT NBR 6576. Materiais betuminosos: determinação da penetração. Rio de 
janeiro (1998). 

2. ARAUJO M. F. A. S. Efeito da radiação solar no envelhecimento concreto 
betuminoso usinado a quente. UFOP, Dissertação de Mestrado (2007). 

3. ARAUJO M. F. A. S., LINS, V. F.C.,  PASA, V. M. D. Effect of ageing on porosity of 
hot mix asphalt. Brazilian Journal of Petroleum and Gas, v. 3, n. 1, p. 11-18, (2011). 

4. ASTM D 4123: Standard method of indirect tension test for resilient modulus of 
bituminous mixture, USA (1992). 

5. ASTM D 5: Standard test method for penetration of bituminous materials, USA 
(1997). 

6. BERNUCCI L. B., MOTTA L. M. G., CERATTI J. A. P., SOARES J. B. 
Pavimentação asfáltica: formação básica para engenheiros, Petrobras: ADEBA, 
(2010). 

7. Cardoso E. R., Braz D., Motta L. M. G., Barroso R. C. and Lopes R. T., “Effect Of The 
Weather In The Aging Of Asphalsts By Xrd”, International Nuclear Atlantic 
Conference – INAC, Rio de Janeiro-RJ Brazil, September 27 to October 2 (2009)     

8. “Definition of Gamma Radiation”, http://www.ndt-
ed.org/EducationResources/CommunityCollege/Radiography/Physics/gamma.htm 
(2011). 

9. L. X Ma, S. P. Wu, J. F. Huang and N. Li, “Effect of UV Ageing on Components, 
Structure and Properties of Asphalt”, 2nd International Conference on Heterogeneous 
Material Mechanics (ICHMM), Huangshan, China, june 3-8 (2008) 

10. M.N., Siddiqui., M.F. Ali., “Studies on the aging behavior of the abrabian asphalts”, Fuel, 
Vol.78,  pp. 1005–1015, (1999) 



INAC 2011, Belo Horizonte, MG, Brazil. 
 

11. Puzinauskas VP, Corbett LW, “ Differences between Petroleum Asphalt, Coal-Tar 
Pitch, and Road Tar.” College Park, MD: The Asphalt Institute, Research Report No. 
78 pp.1, (1978). 

12. State of Ohio Department of Transportation, MANUAL OF PROCEDURES for 
FLEXIBLE PAVEMENT CONSTRUCTION, (January 1996). 

13. “U. S. Environmental Protection Agency:  Food Irradiation” 
http://www.epa.gov/rpdweb00/sources/food_irrad.html (2011). 

14.  WHITEOAK, D. The Shell bitumen handbook. 1 ed. reprinted - Inglaterra, Shell, 
1991 


