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ABSTRACT  

The performance of asphalt pavement is mainly governed by the properties of the binder. 

Many asphalt pavement distress are pronounced to be related to the rheological properties of 

asphalt binder. The oxidation changes the structure and composition of asphalt binder 

resulting stiffer and brittle of asphalt. This paper described SuperpaveTM binder that was used 

to characterize the rheological properties of PG64 asphalt binders blended with various 

Advera® contents subjected to unaged and short term aged. Rotational viscometer (RV) and 

Dynamic Shear Rheometer (DSR) were conducted to measure binder properties at higher and 

intermediate temperature respectively. The results indicated that, the addition of Advera® in 

the asphalt binder exhibited change in binder rheology which influenced rutting parametery  
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1. INTRODUCTION 

Asphalt binders are derived from the residual fractional distillation of crude oil. The 

performance of a binder is determined by its physical properties, which are determined by the 

chemical composition [1]. A broader range of chemical properties is demonstrated by asphalt 

binders depending on the source of crude oil and processes used to produce the asphalt binder 

[2]. Asphalt binder is a thermoplastic liquid which behaves as an elastic solid at low service 

temperatures and at high temperatures, it behaves as a viscous liquid [3]. According to 

Reference [4], the binder constitutes about 4 – 6% by weight of the mixture, while the 

aggregate makes up between 94 – 96% by weight of the asphalt concrete mix, bitumen used 

as the binder, has a viscoelastic characteristics and it is thermoplastic, it’s soft when heated 

and harden on cooling.  

The properties of asphalt binder play significant roles in asphalt pavement performance. 

Although the percentage of the binder is quite small, the binder influences pavement 

performances to a greater extent than the aggregate as environmental factors, such as high 

temperature due to solar radiation, and freeze at low temperature affects the binder to a 

greater extent than the aggregate [5]. When the binder in the pavement is exposed to the high 

temperature, the rutting will takes place while at low temperature exhibits brittleness and 

prone to crack [4]. 

Many asphalt pavement distresses are pronounced to be related to the rheological properties 

of asphalt binder [6-7]. Rheology is the study of deformation and flow of bitumen that 

describes the elastic and viscous behaviour of bitumen, when subjected to a stress [8]. These 

parameters are important in pavement performance. The high deformation and flow of 

pavements may contribute to rutting and bleeding, while stiffer pavements may be susceptible 

to fatigue cracking [9]. Asphalt binders are thermoplastic materials and their rheology is 

highly sensitive to temperature [9-10]. The bitumen becomes softer at high temperature, thus 

enable permanent deformation of the pavement whilst at low temperatures, the bitumen 

becomes stiff and inflexible and prone to crack due to strain and thermal contraction [11-12] 

Owing to its natural temperature susceptibility, the low temperature and high temperature, 

performance of asphalt binder need to be improved [13]. Due to the considerable increase in 

traffic level, axle loads, tyre pressure and heavier trucks, bitumen modification is a solution to 
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overcome the distresses in flexible pavements [14-15]. Addition of modifiers into 

conventional bitumen results in the improvement of performance characteristics of 

bituminous mixes used in road construction.Warm mix asphalt (WMA) is technologies that 

allow production of the asphalt mixture at lower temperature than those of hot mix asphalt 

(HMA) without reducing their level of mechanical performance [16]. According to Reference 

[17], WMA additives and process can be differentiated into three distinct group such as 

organic additives, chemical additives and foaming process and additives.  

Modification of asphalt to improve the overall performance of pavements has been the focus 

of numerous researchers. Modification of bitumen with foamed asphalt additive namely 

Advera® has enable the reduction of the mixing and compaction temperature that translates to 

the reduction in emission of greenhouse gases and energy saving. Thus, this paper discover 

the potential of Advera® foamed asphalt additive in reducing the aging of the asphalt binder 

using SuperpaveTM asphalt binder test under unaged and short term aged condition. 

 

2. RESULTS AND DISCUSSION  

2.1 Effect of Advera® Content on Binder Viscosity  

Figure 1 show the relationship between Advera® content and binder viscosity at different 

temperature. The result indicates a general trend that every content of Advera® results in a rise 

of the binder viscosity compared to the base binder whereas when the binder is aged the 

viscosity also increases except for binder modified by 5% and 6% of Advera® irrespective of 

the test temperature. . The viscosities of the binder were observed at peak when temperature 

equivalent to 120oC for unaged and short term aged binder. At similar temperature, the asphalt 

binder modified by Advera® is higher for unaged and aged binder except aged binder 

containing 6% Advera® compared to the base binder. 

For unaged binder tested at 120oC, the binder containing 4% advera® increases 15% followed 

by 6% advera which shows 12.5% compared to the control binder while the binder containing 

5% and 7% of Advera® depicts the same increase in viscosity which is 11.3% higher than the 

control binder. The same trend has been observed when tested at 140oC and 160oC which 

shows that the 4% and 6% of Advera® modified binder are higher than the control binder. 

After the binder were aged in RTFO for 163oC, the viscosity shows an increment with every 
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content of Advera® except 6% which is lower than the control binder when tested at 

temperature 120oC. It is noticed that when tested at temperature 140oC and 160oC, 5% and 6% 

of Advera® exhibit similar viscosity value of 330mPa.s and 70mPa.s respectively. When 7% 

of Advera® is added to the binder, the viscosity is slightly increase from 180mPa.s to 

190mPa.s and the result also shows that, for short term aged binder the 7% of Advera® 

modified binder shows the highest viscosity for every tested temperature compared to the 

other binders. 

 

(a) 



M. Y Aman et al         J Fundam Appl Sci. 2017, 9(7S), 650-666               654 
 

 

(b) 

Fig.1. Relationship between Viscosity-Advera® for (a) unaged PG64 (b) short term aged 

PG64 

 

The increase in viscosity with Advera® is thought to be caused by the addition of fine powder 

to the binder which acts as a filler [20-21; 22-2].  Reference [24] stated that, the increase in 

viscosities of the binder after RTFO aging may not entirely due to increased aging of asphalt 

binder in the presence of Advera® but due to subsidence of the foaming effect of Advera® 

during the aging process. After initial foaming, the Advera® particle remain undissolved in 

the binder thereby increasing the viscosities of the binder. However, some previous finding 

shows that the addition of Advera® into the binder results in increase the viscosity of asphalt 

binder and some shows the opposite statement. This is mainly due to chemical structure and 

source of particular synthetic zeolite [20]. However, based on viscosity data, all modified 

asphalt binders are lower than 3Pa.s when tested at 135oC hence meet the standard 

specification of Superpave™. 

2.2 Effect of Advera® Content on G* and sin δ of Asphalt Binder 

Complex modulus, G* and phase angle, δ were measured at low shear strain to get the linear 

viscoelastic properties of the asphalt binders. From the parallel plate tests, the average 
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complex shear modulus, G* and phase angle, δ can be determined. 

 

(a) 

 

(b) 

 

Fig.2. Effect of Advera on G* and δ for (a) unaged PG64 (b) short term aged PG64 

Figure 2(a) illustrate the graphical plot for G* and δ versus temperature for the unaged 

specimen. Overall trend shows that, at higher temperatures, decreases the stiffness, G* and 

increases the phase angle, δ for unaged. Airey and Rahimzadeh (2004) found that, elasticity of 
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the asphalt binder to resist deformation increased by the increasing of the temperature; as a 

result, the δ increases, which urged to improve the linear strain limit of binders. The control 

asphalt binder has higher complex modulus than that of Advera®  modified asphalt binder. 

With the addition of Advera® into the control asphalt, the complex shear modulus decreases 

by an average of 30%. 

After adding 5% of Advera® additive, the asphalt binder experienced higher complex 

modulus, G* and lower phase angle, δ to 1600 Pa and 87.5o respectively compared to the 

control binder 1380 Pa and 88.5oC. In comparison to the dosages of Advera® content, the 5% 

of Advera®  modified asphalt binder demonstrates better rutting resistance compared to 

control. Overall, the addition of Advera® slightly affected the rutting resistance in both type 

of binder. Lower complex modulus, G* will makes the binder becomes less stiff and able to 

deform without building up large stress while lower phase angle, δ will make the asphalt 

binder more elastic. The percentage increases of G* and decreases of δ are 15.9% and 1.2% 

respectively.  

For unaged binder, the addition of Advera® result in an increase in failure temperature for 

binder incorporating 5% and 7% of advera®. It is observed that the temperature failure for 

0%, 4%, 5%, 6% and 7% Advera® are 67.5°C, 65.3°C, 68.8°C, 64.8°C and 67.9°C 

respectively. Adding 5% Advera® into the binder shows the highest failure temperature 

compared to the other percentage of Advera® followed by 7%, 4% and 6%.  

Figure 2(b) demonstrates that the control asphalt binder has higher complex shear modulus 

than that of Advera® modified asphalt binder. With the addition of Advera® into the control 

asphalt, the complex shear modulus decreases by an average of 30%. Short term aged also 

found that by incorporating 5% Advera® depicts the highest G* compared to control binder 

which shows 6.7% increases from 3.71kPa to 3.96kPa compared to control binder but the δ 

increases 0.4% from 85.49o to 85.80o. The short term aged binder shows that the highest 

failure temperature is 5% which is fail at 68.88°C followed by 6%, 4%, 0% and 7% Advera® 

which are fail at 68.8°C, 67.9°C, 68.5°C and 64.4°C respectively. 
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Table 1. One way ANOVA on the the increase of G* and reduction δ for the unaged binder 

Dependence 

Variable 

Source DF SS MS F p-value 

  

Increasing of G* 

Temp. 1 101.89   101.889     14.78     0.031 

Error 3 20.68     6.895   

Total 4 122.57    

 

Decreasing of δ 

Temp. 1 38.025   38.0250     61.23     0.004 

Error 3 1.863    0.6210   

Total 4 39.888    

     A one way ANOVA was used to analyze the effect of temperatures on G* and reduction 

of δ. Table 5 shows the result which increasing the test temperature has statistically significant 

effect on both dependent variables at 95% level of confidence. It prove that the addition of 

Advera® into asphalt binder increased the G* and decreased the δ value. 

 

Table 2. One-way ANOVA on the increase of G* and reduction of δ for STA binder 

Dependence 

Variable 

Source DF SS MS F p-value 

  

Increasing of G* 

Temp. 1 989.4   989.4     11.67     0.042 

Error 3 254.3     254.3       

Total 4 1243.7    

 

Decreasing of δ 

Temp. 1 122.290   122.290     56.61     0.005 

Error 3 6.481   2.160   

Total 4 128.771    

A one way ANOVA was performed to analyze the effect of temperatures on G* and reduction 

of δ. Table 6 shows the result of the statistical analysis for STA binder which increasing the 

test temperature has significant effect on both dependent variables with the p-value of less 

than 0.05. Clearly, the addition of Advera® into asphalt binder increased the G* and decreased 

the δ value 
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2.3 Effect of Advera® Content Rutting Resistance of Asphalt Binder 

The G*/sin δ is proposed as an indicator of pavement rutting resistance, where the higher 

value of this parameter indicates higher resistance to rutting. A higher value of complex 

modulus is favorable as it represents a higher total resistance to deformation. The rutting 

parameter is related to the total dissipated energy during a loading cycle [25]. Meanwhile, 

fatigue parameter is known as G*sin δ and used as an indicator of fatigue resistance base on 

the concept that part of the dissipated energy is spent in generating microscopic damage 

(cracks) that eventually leads to fatigue. The results of SHRP parameters, rutting and fatigue 

are shown and discussed as the following. 

The SHRP rutting parameter suggested at the maximum pavement design temperature, the 

G*/sin δ must be greater than 1.0 kpa and 2.2 kpa for unaged and RTFOT aged asphalt binder, 

respectively. It was observed that decreased G*/sin δ increased test temperature for unaged 

binder containing Advera® All superpaveTM dynamic shear binder test were performed at 

frequency 0f 1.59 Hz.The effect of temperature on the rutting parameter (G*/sin δ) of unaged 

asphalt binder at different test temperature is shown in Table 3.  

Table 3 G*/Sin δ of unaged and short term at different temperatures 

G*/Sin δ (kPa) 

Aging 

Condition 

T   

(°C) 

Advera® (%) 

0 4 5 6 7 

Unaged 

46 20.08 12.86 14.85 13.09 17.52 

52 7.806 5.51 6.108 5.489 8.016 

58 2.934 2.291 3.514 2.148 3.095 

64 1.375 1.069 1.596 1.026 1.476 

70 0.6367 0.5172 0.7788 0.4592 0.666 

Short 

Term 

46 65.01 54.79 45.70 64.03 62.34 

52 24.66 20.77 17.75 24.19 23.85 

58 9.026 7.904 6.357 9.241 9.382 

64 3.715 3.407 3.209 3.926 3.968 

70 1.651 1.493 1.315 1.755 1.733 
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It is clear from this Table 3 that the binder with 6% of Advera® has less capability to resist 

the rutting at higher temperature among all others binders. It seems the addition of Advera® 

to the control binder by 6% (by weight) lowers the resistance to rutting of control binder. 

However, the addition of Advera® to the control binder stiffen the binder consequently 

increasing the rutting resistivity.  

The DSR test conducted to measures rheological properties of asphalt binder rather than 

empirical properties such as penetration values or softening point. According to SuperpaveTM 

specifications, the testing temperature for PG64 is 64oC for virgin and RTFO aged binders. 

The specification defines and places requirements on a rutting parameter, G*/sin δ which 

represents the high temperature viscous component of overall binder stiffness. G*/sin δ must 

be at least 2.20kPa after aging in the RTFO test. The results of SHRP parameters, rutting and 

fatigue of RTFO aged binder are shown and discussed as the following. 

Generally, increases test temperature decreases the G*/Sin δ for short-term aged binders 

containing Advera®. In table 5.6, all G*/Sin δ value for  RTFO aging are higher than  

2.2kPa respectively at 64oC. The unaged binder containing 5% of Advera® exhibit higher 

rutting resistance compared to control binder and binder containing 4%, 6% and 7% of 

Advera®. It can be seen that the G*/Sin δ of the unaged with 5% of Advera® tested at 64°C 

increases 16% from 1.38kPa to 1.60kPa compared to control binder. However The short term 

aged depicts that by adding 7% Advera® increases 6.8% of  the G*/Sin δ from 3.72kPa to 

3.97kPa while the lowest G*/Sin δ is 5% which decrease 0.51kPa from 3.72kPa to 3.21kPa 

compared to control binder.  

The short term aged binder shows that the highest failure temperature is 5% which is fail at 

68.88°C followed by 6%, 4%, 0% and 7% Advera® which are fail at 68.8°C, 67.9°C, 68.5°C 

and 64.4°C respectively. 

 

3. MATERIALS AND METHOD  

Asphalt binder is characterized by their consistency or ability to flow at different temperature. 

Conventional asphalt binder grade PG64 was used in this study and its rheological properties 

are shown in Table 4. 
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Table 4. Rheological properties of binder used 

Test Properties Base Binder 

(PG64) 

4% 

Advera® 

5% 

Advera® 

6% 

Advera® 

7% 

Advera® 

Unaged Binder 

Viscosity at 135oC 

(mPa.s) 

300 340 330 340 320 

G*/Sinδ at 64oC (kpa) 1.375 1.069 1.596 1.026 1.476 

Failure Temp. (oC) 67.5 65.3 68.8 64.8 67.9 

Short-Term Aged Binder 

Viscosity at 135oC 

(mPa.s) 

430 440 330 330 470 

G*/Sinδ at 64oC (kpa) 3.175 3.407 3.209 3.926 3.968 

Failure Temp. (oC) 68.5 67.9 68.8 68.9 64.4 

 

3.1. Advera® WMA Additive 

Advera® WMA (Figure 3) is a synthetic mineral in powder form containing 18-20% moisture 

which is chemically and structurally bound. Advera® also free flowing white to grey powder 

(100% passing the 0.075mm) produced by PQ Chemicals (Thailand) Ltd. Table 5 and Table 6 

show the properties and chemical composition of Advera® that consists of Sodium Oxide, 

Aluminum Oxide and Silicon Oxide respectively.  

 

 

 

Fig.3. Advera® 
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Table 5. Table Properties of Advera® 

Test Item Unit Value Range 

Form - Free Flowing Powder 

Whiteness (Hunter L Scale) - >90 

Apparent Bulk Density (Untamped) g/l 300 – 480 

Moisture Loss at 800oC % by weight 22 max 

 

Table 6. Average Chemical Compositions 

Chemical Composition 

Na2O 17-19% 

Al2O3 28-35% 

SiO2 31-34% 

 

3.2 Advera® Modified Binder Preparation 

The blending of Advera® and asphalt was carried out using the high shear mixer. Table 7 

summaries the mixing parameters used in the blending procedure. Viscosity for the binder, 

differing in terms of compaction and mixing time were tested. This process was setup to 

obtain a dispersive mixing of asphalt and Advera® by applying a constant high shear (3000 

rpm) for 20 minutes at 120oC 
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Table 7. Blending binders’ protocol 

Asphalt 

Weight 

(g) 

Percent 

of 

Asphalt 

(%) 

Advera® 

weight (g) 

Total 

weight 

(g) 

Mixing 

time 

(min) 

Mixing 

speed 

(rpm) 

Mixing 

temp. 

(oC) 

600 0 0 600 - - - 

600 4 24 624 20 3000±10 120 

600 5 30 630 20 3000±10 120 

600 6 36 636 20 3000±10 120 

600 7 42 642 20 3000±10 120 

 

3.3 Asphalt binder Aging Condition 

Unaged and aging condition of the binder was carried out accordance to ASTM procedure. 

The procedures were ASTM D2872 Standard Test Method for Effect of Heat and Air on a 

moving Film of Asphalt (Rolling Thin Film Oven Test) for short term aged. 

3.4 Brookfield Rotational Viscometer 

The effect of Advera® content on the viscosity of unaged and aged asphalt binder samples at 

elevated temperatures (120oC, 140oC and 160oC) were evaluated using a Brookfield 

Rotational viscometer (RV) accordance to AASHTO TP 48-2000 

3.5 Dynamic Shear Rheometer 

Despite improving the workability of the asphalt mixtures, the changes in the warm mix 

asphalt binder rheological properties influenced the asphalt mixtures performance [18]. These 

properties were analysed using a Dynamic Shear Rheometer.  Complex modulus (G*) and 

the phase angle (δ) are two important parameters obtained from the dynamic shear rheometer 

test and these parameters can be used to characterize both viscous and elastic behaviour of the 

material [19]. The SHRP rutting parameter suggested at the maximum pavement design 

temperature, the G*/sin δ must be greater than 1.0 kpa and 2.2 kpa for unaged and RTFOT 

aged asphalt binder, respectively. Temperature sweeps were applied from 46oC to 82 oC at 
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60oc increments for unaged and short term aged samples. All superpaveTM dynamic shear 

binder test were performed at frequency 0f 1.59 Hz. The effect of temperature on the rutting 

parameter (G*/sin δ) of unaged asphalt binder at different test temperature is shown in Table 3 

 

4. CONCLUSION  

The addition of Advera® into the asphalt binder increases the viscosity of the binder at high 

and intermediate temperature regardless of the aging state. In addition, aged binder exhibits 

increased viscosity due to binder hardening that increased the binder stiffness. According to 

rotational viscosity results, the addition of Advera® increased the viscosity, therefore raising 

the mixing and compaction temperatures. The previous study claimed that, the increase in 

viscosity is mainly due to the Advera® that acts as a filler which remain undissolved in the 

asphalt binder. Thus, Advera® failed to exhibit a reduction temperature of the asphalt binder 

which is the main purpose of warm mix asphalt additive. However, the aging index which is 

the ratio between aged over unaged viscosity depicts that, adding Advera® into the asphalt 

binder could reduce the resistance to aging compared to control binder irrespective to the test 

temperature.  

The addition of Advera® had a very little effect on the complex modulus (G*) and phase 

angle (δ) of the binder. This, in turn, had very little effect on the high temperature grade. The 

dynamic shear rheometer shows the G* for modified asphalt binder reduces at lower 

temperature but increases at high temperature for unaged and aged binder whereas the phase 

angle, δ reduces for every test temperature which enhanced the elasticity of the binders 

containing Advera®. Further analysis is need to be conducted to construct the master curve 

diagram, and the results prove that the Advera® modified binder experienced higher complex 

modulus compared to control binder, however the stiffness reduces after the binder being aged 

in the RTFO oven for 163oC but the stiffness for binders with and without Advera® for short 

term aged are  almost similar. Thus, it can be concluded that Advera® make the binder stiffer 

and beneficial to improve the rutting resistance of asphalt binder. 

 

5. ACKNOWLEDGEMENTS  

The authors would like to acknowledge the financial support from Universiti Tun Hussein 



M. Y Aman et al         J Fundam Appl Sci. 2017, 9(7S), 650-666               664 
 

Onn Malaysia (UTHM) and Ministry of Education Malaysia (MOE), which enabled this 

paper to be materialized. Also, assistance received from Mr Azuan Poharan@ Bunari 

Assiatant Engineer of the Highway Engineering Laboratory, Universiti Tun Hussein Onn 

Malaysia (UTHM) in the collection of data is gratefully acknowledged. Appreciation is also 

extended toPQ  Chemicals (Thailand ) Ltd Ltd. and Hanson Quarry Sdn. Bhd., for 

respectively supplying Advera® and aggregates. 

 

6. REFERENCES 

[1] Hossain, Z., Bhudhala, A., Zaman, M. and O’Rear, E. (2009). Evaluation of the use of 

warm mix asphalt as a viable paving material in the United States. Federal Highway 

Administration. DTFH61-06-H-00044: Task 3. 

[2] Shang, L., Wang, S., Zhang, Y. and Zhang, Y. 2010. Pyrolyzed wax from recycled 

cross-linked polyethylene as warm mix asphalt (WMA) additive for SBS modified asphalt. 

[3] Dogan, M. (2006). Effect of polymer additives on the physical properties of bitumen based 

composites. Middle East Technical University: Master’s thesis. 

 [4] Yero, S. A. and Hainin, M. R. (2012). Evaluation of bitumen properties modified with 

additive. IJRRAS. Vol 13(1). 

[5] Kristjansdottir, O. (2006). Warm mix asphalt for cold weather paving. University of 

Washington: Master’s thesis. 

[6] Agrawal, P. (2014). Effect of crumb rubber and warm mix additives on asphalt aging, 

rheological, and failure properties. Queen’s University: Master’s thesis. 

[7] Joshi, C., Patted, A., Archana, M. R. and Amarnath, M. S. (2013). Determining the 

rheological properties of asphalt binder using dynamic shear rheometer (DSR) for selected 

pavement stretches. International Journal of Research in Engineering and Technology. Nov 

2013. 

[8] Hafeez, I., Ahmed Kamal, M., Ahadi, M. R., Shahzad, Q. and  Bashir, N. (2012). 

Performance Prediction of Hot Mix Asphalt from Asphalt Binders. Pak. J. Engg. & Appl. Sci. 

Vol 11(July, 2012), pp. 104-113. 



M. Y Aman et al         J Fundam Appl Sci. 2017, 9(7S), 650-666               665 
 

[9] Glover, I. C. (2007). Wet and dry aging of polymer-asphalt blends: chemistry and 

performance. Louisiana State University and Agricultural and Mechanical College: Ph.D. 

Thesis. 

[10] Liao, M. (2007). Small and large strain rheological and fatigue characterisation of 

bitumen-filler mastics. University of Nottingham: Ph.D. Thesis. 

[11] Kjosavik, A. M. (2013). Determining the rheological properties of neat and rubber 

modified soft bitumen. Norwegian University of Science and Technology: Master’s thesis. 

[12] Jung, S. H. (2006). The effects of asphalt binder oxidation on hot mix asphalt Concrete 

mixture rheology and fatigue performance. Texas A&M University: Ph.D. 

[13] Ciu, C., Hsu, T., Yang, W. Life Cycle Assessment on using Recycled Materials for 

Rehabilitating Asphalt Pavements. Resources Conservation and Recycling 52(3), 2008, pgs. 

545- 556. 

[14] Abdullah, M. E., Zamhari, K. A., Buhari, R., Nayan, M. N. And Hainin, M. R. (2014). 

Short term and long term aging effects of asphalt binder modified with montmorillonite. Key 

Engineering Materials. Vol 594-595, pp. 996-1002. 

[15] Arabani M, Kheiry TP (2006) Evaluating the use of ultrasonic pulse velocity test for 

determination dynamic elastic modulus of HMA mixtures. In: 3rd national congress on 

asphaltic materials. 2006. 

[16] Aman, M. Y. & Hamzah, M. O. (2014). Effect of anti-stripping agent additives on 

moisture sensitivity of warm porous asphalt mixtures. International Journal of Construction 

Technology and Management. 1(2). 

[17] Taher, M. N. M., Aman, M. Y.(2016) An Overview Of Reclaimed Asphalt Pavement 

(Rap) Materials In Warm Mix Asphalt Using Foaming Technology, ARPN Journal of 

Engineering and Applied Sciences,.Vol 11,pp. 9874-9881 

[18] Mohamad Yusri Aman (2013) Water Sensitivity of Warm Porous Asphalt Incorporating 

Sasobit, PhD Thesis in Civil Engineering, Universiti Sains Malaysia 

[19] Joshi, C., Patted, A., Archana, M. R. and Amarnath, M. S. (2013). Determining the 

rheological properties of asphalt binder using dynamic shear rheometer (DSR) for selected 

pavement stretches. International Journal of Research in Engineering and Technology. Nov 

2013. 



M. Y Aman et al         J Fundam Appl Sci. 2017, 9(7S), 650-666               666 
 

[20] Rog, A. (2013). The influence of the synthetic zeolite on the properties of asphalt binder 

35/50. Structure. Kielce University of Technology. 

[21] Arega, Z. and Bhasin. A. (2012). Interim Report: Binder Rheology and Performance in 

Warm Mix Asphalt. Texas Department of Transportation. Report No. 

FHWA/TX-12/0-6591-2.  

[22] Mallick R, Kandhal P, Bradbury R. Using warm mix asphalt technology to incorporate 

high percentage of reclaimed asphalt pavement (RAP) material in asphalt mixtures. J 

Transport Res Board 2008(2051):71–9. 

[23] Qiu, X., Wong, W., &Hu, C., (2009), Laboratory Performance Evaluation on Polymer 

Modified Porous Asphalt Concrete, GeoHunan International Conference on Challenges and 

Recent Advances in Pavement Technologue and Transportation Geotechnics, Hunan, China    

[24] Gandhi, T., Akisetty, C. and Amirkhanian, S. (2007) Laboratory evaluation of warm 

asphalt binder aging characteristics . International Journal of Pavement Engineering. 

[25] Motamed, A. & Bahia, H., (2011) Influence of test geometry, temperature, stress level 

and loading  duration on binder properties measured using DSR. Journal of Materials in 

Civil Engineering, (October),pp.1422-1432 

 

 

 

How to cite this article: 
Taher M N M, Aman M Y. Effects of advera® warm mix additive on the rheological 
properties of unaged and short term aged asphalt binders. J. Fundam. Appl. Sci., 2017, 9(7S), 
650-666. 

 

 

 

 

 

 


