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Abstract 

 A nanocomposite solid waste polymer has been used for increasing the durability of pavements that 
the softness of asphalt binder drops seriously at high temperature. The research is concerned with the 
possibility of utilizing locally available materials as an ingredient in asphalt concrete to enhance 
pavement performance, increase the mixture engineering property and at the same time decreasing the 
amount of bitumen required. The experimental work includes characterization of bitumen by using super 
pave tests (Dynamic Shear Rheometer) for both neat and modified bitumen. In this specific investigation 
the wet process is used for introducing the Portland cement, ceramic dust and Hydrate lime into bitumen 
during a modification process. Overall, 3 specimens with, 3 modifiers together with content 0 (neat 
bitumen), 1.5, 3.0 and 4.5 % by weight of asphalt binder were prepared. By considering the results 
generated from Dynamic Shear Rheometer (DSR); the isochronal plots indicates that a neat asphalt binder 
modified with composite of Portland cement, hydrate lime and ceramic dust resulting in the decreasing 
phase angle value and at the same time increasing the stiffness modulus of bitumen. This indicates that, 
on the 1 side, better stiffness and elastic behavior that the asphalt binder can directly suit for higher 
stability to resist rutting, hence, bitumen performance was upgraded with content of modifiers increased. 
On the other side, the heat insulation effect of the Portland cement, hydrate lime and ceramic dust will 
improves the temperature susceptibility of the asphalt binder which corresponds to permanent 
deformation resistance. 

Keywords: Asphalt, Cracks, Durability, Mortar, Polymers, Rutting, Stiffness 
 
 
Introduction 

 Bitumen is temperature susceptible road construction material; viscous fluid at high temperature and 
elastic solid at low temperatures. This affects the properties and performance of a mixture[1-3]. The 
durability of road paved is related to a performance of bitumen and gradually deteriorates because of the 
combined effect of variation in daytime climatic condition and excessive overloading of slow moving 
heavy vehicles [4]. From this view, the bitumen needs to be modified by improving its viscoelastic 
properties to control temperature susceptibility of asphalt binder thus, to minimize over stiffness at low 
temperature and over flexible at high temperature [5]. Recently, it was evidenced that addition industrial 
waste composite materials have more attractive attentions in the area of asphalt modified, thus, to produce 
more efficient asphalt mastic coated aggregate [6] and prevent pavement temperature based distresses 
such as rutting, fatigue cracking and thermal cracking [7]. As some theoretical trends highlighted based 
on Saturates, Aromatics, Resins and Asphaltenes (SARA) bitumen fractions; the additive polymers 
absorbs maltenes oils and high asphaltenes content results in changing the characteristics of bitumen, 
which enhances  the stiffness and elastic behavior of the bitumen at high temperature achieves good 
compatibility between them for resistance to rutting [5,8,9]. 
 Despite of its usage, environmental pollution is one of the causes of industrial waste materials [10]. 
The overall cost of hot Mix Asphalt is ever-increasing because of bitumen is a by-product of a depleting 
petroleum resource [11], not locally available which is imported material especially in developing 
countries. Considering these difficulties several researchers utilized environmental friendly industrial 
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waste materials as an innovation options in the technology of asphalt modification. The recycled use of 
industrial wastes is not solely addressing the engineering properties of asphalt binder, but also 
environmental solution for pollution. However, despite these numerous studies on the industrial waste 
materials [12-17] none of this study has addressed to develop new high quality bitumen by improve 
viscoelastic properties of bitumen performance on high temperature. So far, the effect of Portland cement, 
hydrate lime and ceramic dust composite on rheological properties of asphalt binder and temperature 
susceptibility of bitumen has been investigated. 
 
Materials and methods 

 Materials and sample preparations 
 The materials prepared for different experimental works are 4 in type. These are unmodified (PEN) 
80/100 penetration grade bitumen which is the control material, Portland cement, hydrate lime and 
ceramic dust were selected based on its purpose. The control material; unmodified bitumen selected in 
this study for modification because of less stiff or softer material which is commonly used at low 
temperature locations. In the view of the purpose of the study; such kind of binder needed to evaluate its 
stiffness and permanent deformation resistance to use at hot temperature locations. For the base material 
described above, conventional tests such as penetration test at 25 °C ductility test at 25 °C and softening 
point tests were conducted to check the physical properties of unmodified bitumen before modifications 
[18-20]. The physical properties of unmodified binder which satisfy with specifications were listed in 
Table 1. Three modifiers were selected from solid waste disposal manually, cleaned, dried and crushed 
into small pieces into necessary sizes. Then 3 modifiers were sieved with important sizes of less than 
75 μm were used in this study for bitumen modifications. 
 
 Methods 
 Once the bitumen quality was evaluated and 3 modifiers were prepared. Then, during modification 
process, bitumen (PEN) 80/100 approximately 600 g was heated at mixing temperature of 135 ± 5° C. 
Upon reaching the average temperature, waste modifiers powder was slowly added into bitumen at 
operated mixer of 600 rpm for 30 min with the content of 1.5, 3 and 4.5 % by weight of asphalt binder 
separately. Overall, 3 specimens were prepared. After entire bitumen modification was prepared, as per of 
AASHTO T240 (ASTM D2872) aged modified bitumen was prepared in a laboratory that may represent 
real field behavior of asphalt binder and afterwards, neat and modified asphalt were evaluated using 
Super pave test (Dynamic Shear Rheometer) like Stiffness complex modulus, Phase angle, Performance 
Grade (PG) for 1.59 Hz to evaluate the rheological properties of binder for resistance to rutting. See 
Figure 1. 
 

 
 
Figure 1 Mixing process of virgin bitumen with modifiers. 
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Table 1 The physical properties of PEN 80/100 bitumen. 

Test Type Method Specification Neat bitumen results 
Penetration , 25 °C ASTM-D5 80 - 100 93 
Ductility at 25 °C ASTM-D113 100 (min) 100+ 
Softening point °C ASTM-D36 42 - 51 45 

 
 
Results and discussion 

 Stiffness modulus (G*) isochronal plots 
 The influence of temperature and time of loading on stiffness of bitumen has been evaluated by 
Dynamic Shear Rheometer (DSR) and viscoelastic data can be presented over a wide range of 
temperatures (52, 58, 64, 70 and 76 °C) at a constant frequency of 1.59 Hz using an isochronal plot for 
the purpose of complex modulus (G*) or phase angle (𝞭𝞭) of un-aged and aged binder comparison at 
various temperatures as shown in Figures 2 and 3 and Figures 4 and 5, respectively. As can be observed 
in Figures 2 and 3 stiffness modulus values was more significantly pronounced compared a base 
material. Meaning, the higher values of G* indicates the strong candidate of stiff binder behavior. 
Obviously, complex modulus is related to stiffness of bitumen which reveals rutting resistance. 
 In Figure 2, G* values shows almost uniformly increased in the temperature range of 52 to 70° C   
as modifiers content increased and gradually decreased in between temperature of  70 to 76 ° C  with the 
same G* value except the slope of G* for 4.5 % for modified bitumen. This situation indicates the 
temperature susceptibility of bitumen at high temperature. At this point, it’s obvious that modifiers 
elements (Portland cement, hydrate lime and ceramic dust) added to the asphalt binder will thicken the 
binder; thus, the G* of the 4.5 % asphalt modified with powder was increased compared to a base 
material. In Figure 3, complex modulus values of neat and modified binders are smaller values in before 
aged than after aged; i.e. aging improves stiffness (complex modulus) because of oxidization. In 
temperature range from 52 to 70°C , base bitumen plotted a sharp increase in G* slope indicates gradually 
reduction of G* value as a temperature increases which represents improved stiffness of bitumen and at 
the same time lower temperature susceptibility of asphalt binder. 
 

 
Figure 2 Isochronal plot of complex modulus at 1.6 Hz for un-aged binder conditions. 
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Figure 3 Isochronal plot of complex modulus at 1.6 Hz for aged binder conditions. 
 
 
 Phase angle (𝞭𝞭) isochronal plots 
 The DSR test is performed by placing a thin film of bitumen or binder in between upper and lower 
plates or under shear stress whilst measuring resultant shear strain. G* is a determine stress-strain ratio 
and Delta (δ) is an indicate amounts of recoverable and non-recoverable deformation. The result δ are 
highly influenced by temperature and loading time (frequency) i.e. Asphalt tend to be elastic behavior       
(𝛿 = 0 °) at cold temperatures, all deformation are temporary under short loading time whilst asphalt 
exhibit viscous liquid (𝛿 = 90 °) at hot temperature, all deformation are permanent under long loading 
time particularly, for unmodified bitumen; phase angle increase as temperature increase. The binder 
viscoelastic materials can be characterized between (0 ° and 90 ° at a normal service temperature 
presented in the form of phase angle, δ curves for un-aged and aged bitumen. The phase angle, 𝛿, 
indicates the lag in the stress response compared with the applied strain. Thus, the phase angle is 
important in describing the viscoelastic properties of a material such as bitumen. In other word, phase 
angle, 𝛿, the angle in radians or degrees, between a sinusoidal applied strain and the resultant sinusoidal 
stress in a controlled-strain testing mode, or between the applied stress and the resultant strain in a 
controlled-stress testing mode. Basically; considering the nature and speed of site traffic under climatic 
conditions, particularly, for unmodified bitumen; phase angle increase as temperature increase during 
winter months, all deformation are permanent (non-recoverable) under slow moving heavy goods vehicles 
with high axle loads that influence asphalts than fast moving vehicles. The accumulation of such 
unrecoverable deformation due to number of loads increases risk of rutting. However, introducing 
appropriate polymer is important to make bitumen stiff and more elastic with reduced phase angle to 
decrease the risk of permanent deformation caused by viscous flow under applied loading. 
 As shown in Figures 4 and 5, reduced phase angle value was observed with respect to the content of 
modifiers. However, amongst all modified bitumen; 4.5 % modified bitumen shows the improvement in 
elastic response and stiffness of bitumen to decrease the risk of permanent deformation caused by viscous 
flow under applied loads.  
 Significantly asphalt binder ages (oxidizes) gradually happen when asphalt molecules are exposed 
to the influence of temperature in the presence of air or oxygen from the environment and gradually 
losing  its viscoelastic behavior, which leads bitumen hardening, and ultimately brittle those contribute to 
adhesion failure like aggregate loss and cracking [21]. As can be seen in Figure 5, there was different in 
phase angle values compared to a control material. The phase angle value of unmodified bitumen was 
approach to 81 ° showing the loosing of its elasticity properties when testing temperature was rising to 76 
℃. In comparison to un-aged modified bitumen exhibited the lower value of 𝞭𝞭 indicates that a delays in 
the elastic material response to the stress at high temperature. 
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Figure 4 Isochronal plot of phase angle at 1.6 Hz for un-aged binder conditions. 

 

 
Figure 5 Isochronal plot of phase angle at 1.6 Hz for aged binder conditions. 
 
 
 Performance grade (Rutting resistance at high temperature) 
 The Strategic Highway Research Program (SHRP) originally developed during the Super Pave 
specification in the early 1990s. This standard specifies properties of the materials that should be satisfied 
under certain climatic conditions at which pavement, serves at expected temperature and aging conditions 
by evaluating binder to resist rutting at high temperature and low thermal cracking at low temperature. A 
temperature at which binder must attain properties changes determined by PG tests as per of AASHTO 
T315 specifications, i.e. at high temperature; neat binder stiffness (G*/sin𝛿 ) is required to be ≥ 1.00 kpa 
and aged binder stiffness is greater than or equal to ≥ 2.2 kpa. Nevertheless, this requirement should be 
satisfied if the bitumen was expected to serve in a hot climate [17]. This shows the stiffness of the binder 
will have sufficient permanent deformation resistance. 
 The fail temperature was considered to determine a true grade (continuous performance grade) of 
the binders. These procedures tested the specimens at a starting temperature and increased temperature to 
the next PG grade if the G*/sin delta value was greater than the value required by AASHTO M320 (1.0 
and 2.2 kpa for un-aged and aged binder). As can be shown in Figure 6, the maximum temperature for 
true grade classification of un-aged binder; 59.7 - xx, 68.5 - xx, 73.8 - xx and 78.2 - xx as well as for aged 
binder 67.3 - xx, 74.9 - xx, 75.8 - xx and 79.6 - xx at 0 - 4.5 % of modifiers by 1.5 % increments were 
determined. From this view, the aged binder showed the maximum failure temperatures compared with an 
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un-aged binder as the content of modifier increases. As per of AASHTO M 320, the determined high 
temperatures of the binder samples were presented in Figure 7. 
 

 
Figure 6 Failure temperature of modified bitumen for un-aged and aged conditions. 

 

 
Figure 7 Determined performance grade high temperature of modified bitumen for un-aged and aged 
conditions. 
 
 
Conclusions 

 In this research, the rheological properties of original and modified asphalt binder with Portland 
cement, ceramic dust and hydrate lime were conducted and analyzed. On account of the research results 
obtained from Dynamic Shear Rheometer (DSR) that were discussed above, the following items can be 
drawn; the isochronal plots indicates that the neat asphalt binder modified with composite of Portland 
cement, hydrate lime and ceramic dust resulting in the decreasing phase angle value and at the same time 
increasing the stiffness modulus of bitumen. This indicates that, on the one side, better stiffness and 
elastic behavior that the asphalt binder can directly suit for higher stability to resist rutting, hence, 
bitumen performance was upgraded with content of modifiers increased. On the other side, the heat 
insulation effect of the Portland cement, hydrate lime and ceramic dust will improves the temperature 
susceptibility of the asphalt binder which corresponds to permanent deformation resistance. It is 
envisioned that these improvements contribute to the rutting performances of asphalt concrete or mixture 
due to binder stability to sustain at hot climatic conditions. Due to the limited scope of the thesis work, 
the study recommends for Portland cement, hydrate lime and ceramic dust as a modifiers, blending with 
bitumen. Besides, Future scope is highlighted for further investigation of fatigue and low thermal 
cracking instrumented with Pressure Aging Vessel and Cyclic dry and wet loading simulator for long-term 
performance of Flexible Pavement Analysis or Behavior under different climatic conditions. 
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