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 The use of resources is increasing due to continuous increase in world population and rapid 
industrialization, while natural resources are being exhausted day by day. Usage of waste materials or by
products in highway construction has substantial environmental and economic benefits.
was generated during the production of ceramic tiles. Thos
which not only consume a lot of land, but
importance to investigate the feasibility of using those solid wastes and, also because of the rapi
of highway and infrastructure construction nowadays demand a large amount of pavement materials, especially 
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A B S T R A C T  
Industry and by-product waste materials are commonly used in road construction. 
Ceramic is a class of inorganic, nonmetallic materials produced by the action of heat 
and subsequent cooling. This product is used widely around the world. The main 
objective of this study was intended to successfully implement crushed Ceramic Waste 
Dust (CWD) as a modifier to 80/100 penetration grade asphalt binder to investigate 
their potential end usage. The CWD powder percentages blended with base asphalt 
binder was 10% by weight of aggregate at asphalt to dust mass ratio of 1:1.60 was 
utilized and added into asphalt binder. Two different blends including control limestone 
dust were subjected to binder testing and grading using Superpave testing equipment 
and procedures. The microstructure composition, shape and size of particles of ceramic 
waste and limestone dust and the homogeneity of modified asphalt were analyzed by 
Energy dispersion analysis of x-ray (SEM-EDAX), Scanning Electron Microscope 
(SEM), and Environmental Scanning Electro microscopy (ESEM) techniques 
respectively and other properties related to mineral filler in the asphalt mixture were 
also tested. Dynamic Shear Rheometer (DSR) was used to c
and dynamic creep tests upon Limestone Dust (LSD), CWD modified and base asphalt 
binder samples. Morphology tests showed the pH of the ceramic was alkaline and 
hydrophobic. Thus, it can be potentially used as an anti-stripping addi
mixture. The introduction of CWD resulted in reduced penetration, increased softening 
point, increased binder high temperature viscosity, and escalating the required mixing 
and compaction temperatures. The viscoelasticity test showed th
improved the stiffness and the elastic portion of asphalt binder and the complex shear 
modulus in the high temperature domain. The performance grade (PG) of CWD 
modified asphalt is 4 grades higher than base asphalt binder and 2 grades
mastic containing limestone dust. Thus, it indicates that CWD may have a positive 
effect on high-temperature properties. The creep test results of the CWD modified 
asphalt show that the total strain and the permanent strain of asphalt mastics 
load-unload cycle can be significantly reduced, which results in the improvement of 
resistance to permanent deformation.. 

INTRODUCTION 

The use of resources is increasing due to continuous increase in world population and rapid 
while natural resources are being exhausted day by day. Usage of waste materials or by

products in highway construction has substantial environmental and economic benefits. A large amount of waste 
was generated during the production of ceramic tiles. Those solid wastes were usually managed by landfills, 

land, but also bring a serious environmental problem. Thus, it is of great 
importance to investigate the feasibility of using those solid wastes and, also because of the rapi
of highway and infrastructure construction nowadays demand a large amount of pavement materials, especially 
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product waste materials are commonly used in road construction. 
Ceramic is a class of inorganic, nonmetallic materials produced by the action of heat 

ing. This product is used widely around the world. The main 
objective of this study was intended to successfully implement crushed Ceramic Waste 
Dust (CWD) as a modifier to 80/100 penetration grade asphalt binder to investigate 

he CWD powder percentages blended with base asphalt 
binder was 10% by weight of aggregate at asphalt to dust mass ratio of 1:1.60 was 
utilized and added into asphalt binder. Two different blends including control limestone 

ting and grading using Superpave testing equipment 
and procedures. The microstructure composition, shape and size of particles of ceramic 
waste and limestone dust and the homogeneity of modified asphalt were analyzed by 

EDAX), Scanning Electron Microscope 
(SEM), and Environmental Scanning Electro microscopy (ESEM) techniques 
respectively and other properties related to mineral filler in the asphalt mixture were 
also tested. Dynamic Shear Rheometer (DSR) was used to conduct temperature steps 
and dynamic creep tests upon Limestone Dust (LSD), CWD modified and base asphalt 
binder samples. Morphology tests showed the pH of the ceramic was alkaline and 

stripping additive in the asphalt 
mixture. The introduction of CWD resulted in reduced penetration, increased softening 
point, increased binder high temperature viscosity, and escalating the required mixing 
and compaction temperatures. The viscoelasticity test showed that ceramic waste dust 
improved the stiffness and the elastic portion of asphalt binder and the complex shear 
modulus in the high temperature domain. The performance grade (PG) of CWD 
modified asphalt is 4 grades higher than base asphalt binder and 2 grades higher than 
mastic containing limestone dust. Thus, it indicates that CWD may have a positive 

temperature properties. The creep test results of the CWD modified 
asphalt show that the total strain and the permanent strain of asphalt mastics during 

unload cycle can be significantly reduced, which results in the improvement of 

The use of resources is increasing due to continuous increase in world population and rapid 
while natural resources are being exhausted day by day. Usage of waste materials or by-

A large amount of waste 
e solid wastes were usually managed by landfills, 

also bring a serious environmental problem. Thus, it is of great 
importance to investigate the feasibility of using those solid wastes and, also because of the rapid development 
of highway and infrastructure construction nowadays demand a large amount of pavement materials, especially 
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aggregate. Incorporating the waste ceramic into pavement construction is an economical and environmental 
friendly method. The use of solid waste in the construction of flexible pavement is gaining importance.  
Modified Bitumen is one of the important construction materials for flexible pavements. 
 The two fold goals of specifying a modifier are (1) to make the asphalt cement binder stiffer (more viscous) 
in very hot weather to reduce rutting and shoving  and less stiff in very cold weather to reduce transverse 
cracking and (2) to provide improved adhesion of asphalt to aggregate in the presence of water and water vapor 
to reduce stripping. It is also worth mentioning that, the modifier raw-material has been sourced from disposed 
waste. This not only allows us to collect modifier raw material at low cost, but also provides a solution towards 
ecological menace posed by increased use of by-product waste. 
 Many studies have been conducted to evaluate the feasibility of recycling industrial and by-product wastes 
into pavement construction materials. A variety of materials are currently available for use as modifiers to 
improve the performance of asphalt concrete pavements. These include fillers and fibers to reinforce the mixture 
(Huang and White 1996); sulfur as a partial or complete replacement for asphalt cement (Ali and AI-Jarallah 
1982); and polymers, elastomers, antistripping agents, and metal complexes to improve the properties of asphalt 
cement and ultimately the properties of asphalt concrete (William 1987; Bonemazzi et al. 1996). These additives 
can be either solid or liquid (Tunnicliff and Root 1984). The investigated industrial wastes included plastic, 
polymer, andesite, ceramic, brick powder, waste tire, recycled asphalt pavement (RAP), fly ash, and cement kiln 
dust (Moghaddam et al. 2012; Kalantar et al. 2012; Uzun and Terzi 2012; Huang et al. 2004, 2005, 2009, 2011; 
Wu et al. 2011; Ali et al. 1996). Generally, most inert industrial wastes including RAP or slag were added into 
asphalt mixture or cement concrete as substitutes of coarse and fine aggregates. Some wastes like crumb 
polymer could significantly improve the resistance of asphalt mixture to permanent deformation, thermal 
cracking, and fatigue cracking at low temperature and have been widely used as modifiers (Huang et al. 2007, 
2010). Further, industrial wastes like fly ash and cement kiln dust were found to be able to improve the 
resistance of an asphalt mixture to moisture damage by improving the binder-aggregate interface and can be 
used as mineral anti-stripping additives in asphalt mixtures. Ceramic is a class of inorganic, nonmetallic 
materials produced by the action of heat and subsequent cooling. This product is used widely around the world. 
However, mass production and use of ceramic materials causes increased wastes, which results in serious 
environmental problems (Higashiyama et al. 2012). Instead of sending these cement-based materials to landfills, 
recycling waste ceramic as aggregate (called ceramic waste aggregate or CWA) for use in civil engineering 
applications is an attractive option (Martínez et al. 2009; Senthamarai and Manoharan 2005; Siddesha 2011). 
For hot asphalt mixtures, Huang et al. (2009) investigated the potential use of CWAs. However, ceramic glaze 
usually exists on the surface of waste ceramic materials, such as those from the sanitary ware industry (Medina 
et al. 2012). This glaze prevents interfacial adhesion between asphalt and CWAs in asphalt mixtures. Therefore, 
most previous studies utilized waste ceramic as fine aggregate (Huang et al. 2009; Binici 2007; Ratnasamy et al. 
2009). Van de Ven et al. (2011) replaced 15% of the coarse aggregates with CWAs in asphalt mixtures and 
found that these mixtures performed well, but many smooth pieces of ceramic waste detached from the crushed 
samples at the end of mechanical tests. This demonstrates a lack of adhesion between asphalt and Ceramic 
Waste Aggregates.  
 Many researchers have been investigating waste powders to replace the mineral filler in asphalt mixture. 
(Ahmed and Othman, 2006) investigated the effect of using waste cement dust as mineral filler on the 
mechanical properties of asphalt mixture, and the results indicated cement dust can totally replace limestone 
powder in asphalt paving mixture. (Tapkin S., 2008) evaluated the effect of fly ash as a filler replacement on the 
mechanical properties of asphalt mixture and found that fly ash can be used effectively in a dense-graded 
wearing course as a filler replacement. (Hwang et al., 2008) investigated the potential use of waste lime as 
mineral filler in asphalt mixture, and the results suggested that using waste lime as mineral filler can improve 
the permanent deformation characteristics, stiffness and fatigue endurance of asphalt mixture.  
 Temperature has a significant effect on the performance of asphalt pavement (Xu et al. 2010; Wang and 
Zeng2006). Most pavement distresses (such as rutting, cracking) are closely related to temperature variation. 
Because of low thermal conductivity of ceramic, some researchers believe that use of ceramic materials in 
surface wearing course of asphalt pavement may reduce the potential for temperature change in pavement 
structure and consequently reduce pavement distresses. 
 Based on the findings from previous studies, the use of such waste powders as filler in asphalt mixture not 
only has positive effect on asphalt mixture, but also can improve its engineering characteristics. Therefore, the 
objective of this study is to investigate the potential application of CWD as asphalt modifier and to evaluate 
related properties of asphalt mastic containing CWD in terms of their effect on high-temperature properties of 
asphalt mastic and consequent mixing and compacting temperatures. Temperature steps and dynamic creep tests 
were conducted to investigate the effects of CWD and LSD (control) as asphalt modifier on the rheological 
properties and permanent deformation of base asphalt. 
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MATERIALS AND METHODS 
 
Materials: 
 A base asphalt (80/100) penetration grade provided by Shell Malaysia Berhard was used to prepare asphalt 
mastic, with a penetration of 84 (0.1 mm at 25°C, 100 g and 5 s), ductility of more than 100 cm (at 15°C and 5 
cm/min) and softening point of 46°C (ring and ball) according to AASHTO/ASTM standards. Ceramic 
stoneware tile wastes and commercially available Limestone dust (LSD) as control sample were used to prepare 
mastic samples. 
 
Methods: 
 In practical engineering projects for SMA mixture, on average the 0.075 mm sieve passing percentage of 
mineral aggregates gradations is usually around 10%. Meanwhile, the optimum asphalt contents in this study 
have been determined as 5.81 and 5.76% by the mass of total mix for LSD and CWD mixture respectively. So 
the dust to binder ratio of asphalt mastic was 1.62 and 1.63 by the mass of total mix for LSD and CWD 
respectively. Since the change in binder content can influence rutting or cracking potential of mix types. 
Therefore, it was decided to maintain the asphalt to filler ratio constant at a mass ratios of 1.60. Waste ceramic 
from tiles factory were firstly crushed to size of about 50 mm by a crusher and then grinded for 15 minutes. 
After preparation, Oven-dried LSD and CWD were respectively passed through 0.075 mm sieve. The Energy 
dispersion analysis of x-ray (SEM-EDAX) and Scanning Electron Microscope (SEM) were respectively used to 
investigate the chemical composition and surface morphology of LSD and CWD. 
 Dusts passing the 0.075 mm sieve were used to prepare asphalt mastic (asphalt + filler) samples. Standard 
Superpave mix procedures were employed to prepare specimens for conventional and DSR tests. Sieved LSD 
and CWD were respectively mixed with 80/100 base asphalt and then stirred for 30 min at 140–150°C. 
Environmental Scanning Electro-microscopy (ESEM) was used to visualizing the dispersing of the limestone 
and ceramic waste dusts inside the asphalt binder and the homogeneity of mastics. Penetration, softening point 
and high-temperature viscosity are some conventional performance indicators of base asphalt and asphalt mastic 
evaluated, along with the rheological indicators were used to investigate related properties of asphalt mastic in 
this study.  
 
Performance Tests for Base Asphalt Binder and Modified Asphalt: 
 To move towards performance based specifications and measure rheological properties, a Dynamic Shear 
Rheoemeter (DSR) has been adopted by state highway agencies throughout the world. The DSR measures 
rheological properties of asphalt binder rather than empirical properties such as penetration values or softening 
point. Measurements can be performed at various temperatures, strain and stress levels, and frequencies. In the 
SHRP asphalt binder specifications, the DSR is used to predict the fatigue and rutting potential of the binder 
(Youtcheff, 1994). Dynamic Shear Rheometer which was designed to be applicable to both modified and 
unmodified asphalt binders, including binders with modifiers dispersed dissolved or reacted with the base 
asphalt and to identify and validate engineering properties that could be directly linked to the performance. The 
use of the DSR enables tests to be performed on bituminous binders at a wide range of shear loading conditions 
at pavement service temperatures. As a result of a possible physicochemical interaction between bitumen and 
mineral fillers not reflected in the rheological behavior of bituminous binders, there is a drive to perform DSR 
testing on filler-asphalt mastics rather than on plain bitumen.  
 
Permanent Deformation Evaluation: 
 In this study, A (DSR, Thermo Scientific HAAKE RheoStress1, made in Germany) was used to conduct 
temperature steps and dynamic creep tests on unaged and RTFO aged asphalt binder and mastics in accordance 
to Superpave testing procedures. 
 
DSR Oscillation Temperature Steps Test: 
 The SHRP rutting parameters (G*/sin δ) and the failure temperature of the un-aged asphalt binder and the 
two laboratory blended mastics (LSD and CWD) were tested at high and intermediate temperature of 46°C to 
82°C with increment of 6°C using DSR Temperature Steps Test. The rheological properties were measured in 
terms of complex modulus (G*), and phase angle (δ) using parallel plate geometries, 25mm diameter with 1mm 
gap and stress level of 0.12 kPa for unaged base asphalt binder and mastics. The permanent deformation rutting 
parameters (G*/sin δ) were then determined at a reference high temperature of 52°C at which rutting is believed 
to be important. 
 
Dynamic Creep Test: 
 The dynamic (repeated) creep tests were performed to identify compliance of the asphalt binder and 
accumulation of permanent strain due to load repetition. The repeated creep test is typically performed by 
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applying load for 1 second and waiting for 9 seconds before application of load again (The loads can be varied 
to a range of magnitudes to identify the influence of load levels on the accumulated strain). Therefore, a loading 
cycle is completed in 10 seconds (1 Hz for 10 second). The test procedure suggests that the tests be performed 
for 100 cycles (Bahia et al., 2001). In this study the repeated creep tests were performed at temperature of 52°C 
and stress level of 220Pa on RTFO-aged samples to determine the resistance of base asphalt binder, LSD and 
CWD modified asphalt mastics to permanent deformation under repeated loading that is meant to simulate 
traffic loading. The unrecoverable deformation at the end of each cycle is accumulated to identify permanent 
deformation at the end of one hundred cycles (1000seconds). A constant sheer stress is applied instantaneously. 
The resultant deformation is measured as a function of time. 
 

RESULTS AND DISCUSSIONS 
 
Physical and Chemical Composition: 
 The gradation of the two fillers shown in Table 1 were very similar, al1narrowly distributed and, hence, 
useful for model studies on the effect of particle size and they were well-graded from 75 to 10 micron. The LSD 
is considerably finer than the CWD dust (The smaller the value of fineness modulus the fine the material is). 
The LSD contains about 7% of particles smaller than 20 µm, while the CWD contain about 5% of particles 
smaller than 20 µm. It should be noted that, the percent of particle size for all the selected filler smaller than 20 
µm were less than the recommended percent of 20%. It can be seen in Table 1 that the particle size distribution 
of prepared LSD and CWD satisfy the requirements of specification of AASHTO M17. 
 
Table 1: Mineral Filler Particle Size Distribution Results. 

Sieve  size (mm) 
% Passing Limestone Dust 

(LSD) 
% Passing Ceramic Waste 

Dust (CWD) 
Specifications 

0.600 100 100 100 
0.300 95.80 92.46 95-100 
0.075 84.56 76.86 70-100 
0.053 68.63 59.79 - 
0.020 6.74 4.92 - 
Pan 0 0 - 

 
 Refer to Table 2 the two fillers show slightly different percent Fineness (% Retain on 45 µm sieve) with 
limestone is the lowest followed by ceramic waste. The difference in fineness and particle size distribution may 
be attributed to the particles’ shape rather than the particle size. Although the two fillers have different 
finenesses, they have almost the same pH value, both LSD and CWD show high PH values (High pH makes 
elements which provided the strength for the fillers such iron zinc and manganese less soluble). This mean the 
two fillers are basic or alkaline and indicated that these fillers appear to have a great affinity for asphalt than 
water (hydrophobic (water-hating)) since the asphalt is weak acid, this translated to good adhesion and good 
interaction between the filler and asphalt binder. The specific gravity of CWD is lower than LSD. This indicates 
that LSD is more porous or has more folds. 
 
Table 2: Physical Analysis of Mineral Fillers Results. 

Filler properties 
Filler type 

Limestone dust Ceramic waste dust 
Moisture Content, % 0.06 0.41 

Specific Gravity 2.55 2.39 
% Fineness (% Retain on 45 µm sieve) 15.93 17.07 

Average Particle Size, µm 17.58 27.35 
% Insoluble in water 99.80 99.69 
% Soluble in water 0.20 0.30 
PH – Value @ 27ºC 9.82 9.26 

D 10, µm 0.86 0.88 
D 60, µm 1.90 2.05 

Coefficient of Uniformity (Cu) 2.21 2.33 
Fineness Modulus (FM) 1.443 1.659 

Plasticity Index (PI) NP NP 

 
 Data in Table 3 shows that oxides in the selected fillers consist of SiO2, Al2O3, CaO, and MgO and that 
SiO2 and Al2O3 are the major component of CWD; and SiO2 and CaCO3 (CaO and Loss result from CaCO3) 
compose the main percentage of LSD. The sum of SiO2, Al2O3, and Fe for the CWD filler except limestone 
filler was higher than the minimum requirement of 70% of ASTM C618 class N, (Natural Pozzolan; which has 
binding property when mixed with lime in the presence of water). It is known that, presence of calcium, 
magnesium, and iron was associated with low moisture sensitivity. In contrast, high sodium and potassium in 
alkali feldspars was associated with high moisture sensitivity. As shown in Table 3 the magnesium oxide (Mg 
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O) for the two fillers was within the requirements (less than 5%).  The oil absorption property is needed to 
absorb the extensive oil in the bitumen mix, this relatively could decrease the rutting
by bleeding at high temperature (Wu 
which associated with a greater affinity for oil than for water and can improve the adhesion between the particle 
and asphalt binder and enhance the rutting resistance. Silicon Dioxide (SiO
chemical composition in the two filler types. The high Silicon Dioxide (known for its hardness) content of 
ceramic waste associated with good mecha
 
Table 3: Chemical Composition of Mineral Fillers Results

Material 

Calcium Carbonate, Ca Co3 

Silicon Dioxide, Si O2 

Magnesium Oxide, Mg O 
Aluminum Oxide, Al2 O3 

Calcium, Ca 
Titanium, Ti 

Iron, Fe 
Sum of Si O2, Al2 O3, Fe 
Feldspar, K Potassium 

Available Alkalis as Na2 O 
Sulfur Trioxide, S O3 

Manganese, Mn 

 
 The SEM was used at different magnificence to inspect and observe the morphological (microstructure and 
the geometric) characteristics of filler particles, such as particle shape, size, and surface texture. The samples 
were extensively viewed, and then rep
Morphology of fillers SEM examinations indicated that the limestone and ceramic waste has relatively flat and 
rough surfaces and flaky particles, there are deposits of various condensates
the surface of limestone and ceramic waste particles. Figure 1(a) and (b) demonstrate that both limestone and 
ceramic waste particles show geometric irregularity in surface texture and non
a factor that affects the adhesion ability of aggregates with binder.
 

 
Fig. 1(a-b): SEM Images of Fillers 
 
Asphalt-Filler Interaction and Mastic 
 Asphalt-filler interaction with each other plays a major role in the performance of mastic and mixture. Both 
the components possess separate chemical and physical properties and interact with each other when they are in 
close contact. It is important that the filler are readily dispersed in asphalt during asphalt blending and mixing. 
However it is difficult task to physically observe the homogeneity and dispersion characteristics of filler
mastic. In this study, the homogeneity, disper
evaluated by examining the mastic specimens through ESEM images at different magnificence to determining 
the quality and nature of the dispersion of the LSD and CWD within the modified binder.
were extensively viewed, and then representative photographs were taken as shown in Figure 2 (a) and (b). In 
view of Figure 2 (a) and (b), dust modified asphalt binders are visible and the main structure can be observed, it 
can be seen that a particle of filler adsorbs alayer of bitumen, which entirely encloses the particle and asphalt
filler mastics with ceramic waste had the most homogenous and dispersion in the asphalt. As illustrated in 
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O) for the two fillers was within the requirements (less than 5%).  The oil absorption property is needed to 
absorb the extensive oil in the bitumen mix, this relatively could decrease the rutting, because rutting occurred 
by bleeding at high temperature (Wu et al., 2007). Ceramic waste shows high Aluminum Oxide (Al
which associated with a greater affinity for oil than for water and can improve the adhesion between the particle 

asphalt binder and enhance the rutting resistance. Silicon Dioxide (SiO2) constitutes represents the highest 
chemical composition in the two filler types. The high Silicon Dioxide (known for its hardness) content of 
ceramic waste associated with good mechanical (strength) properties. 

Chemical Composition of Mineral Fillers Results. 
Result Weight Percent (%) ASTM C618, Class N,

(Natural Pozzolan) RequirementsLSD CWD 
7.27 8.00 - 
45.70 74.94 - 
0.45 0.45 5.0%    Maximum

- 8.54 - 
40.77 40.77 - 

- 0.31 - 
- 1.11 - 

45.70 84.59 70%    Minimum
- 1.55 - 
- 2.02 1.5%   Maximum
- - 4% Minimum (ASTM C114)
- - - 

The SEM was used at different magnificence to inspect and observe the morphological (microstructure and 
the geometric) characteristics of filler particles, such as particle shape, size, and surface texture. The samples 
were extensively viewed, and then representative photographs were taken as shown in Figure 1 (a) and (b). 
Morphology of fillers SEM examinations indicated that the limestone and ceramic waste has relatively flat and 
rough surfaces and flaky particles, there are deposits of various condensates, such as alkalis and sulphates, on 
the surface of limestone and ceramic waste particles. Figure 1(a) and (b) demonstrate that both limestone and 
ceramic waste particles show geometric irregularity in surface texture and non-spherical shape. The roughness 
a factor that affects the adhesion ability of aggregates with binder. 

(a)                                          (b) 

SEM Images of Fillers Particle Morphology (a) LSD x 100, (b) CWD x 500 mag.

Filler Interaction and Mastic Homogeneity: 
filler interaction with each other plays a major role in the performance of mastic and mixture. Both 

the components possess separate chemical and physical properties and interact with each other when they are in 
mportant that the filler are readily dispersed in asphalt during asphalt blending and mixing. 

However it is difficult task to physically observe the homogeneity and dispersion characteristics of filler
mastic. In this study, the homogeneity, dispersion, and adhesion characteristics of filler
evaluated by examining the mastic specimens through ESEM images at different magnificence to determining 
the quality and nature of the dispersion of the LSD and CWD within the modified binder.
were extensively viewed, and then representative photographs were taken as shown in Figure 2 (a) and (b). In 
view of Figure 2 (a) and (b), dust modified asphalt binders are visible and the main structure can be observed, it 

n that a particle of filler adsorbs alayer of bitumen, which entirely encloses the particle and asphalt
filler mastics with ceramic waste had the most homogenous and dispersion in the asphalt. As illustrated in 
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The SEM was used at different magnificence to inspect and observe the morphological (microstructure and 
the geometric) characteristics of filler particles, such as particle shape, size, and surface texture. The samples 

resentative photographs were taken as shown in Figure 1 (a) and (b). 
Morphology of fillers SEM examinations indicated that the limestone and ceramic waste has relatively flat and 

, such as alkalis and sulphates, on 
the surface of limestone and ceramic waste particles. Figure 1(a) and (b) demonstrate that both limestone and 

spherical shape. The roughness is 

 

LSD x 100, (b) CWD x 500 mag. 

filler interaction with each other plays a major role in the performance of mastic and mixture. Both 
the components possess separate chemical and physical properties and interact with each other when they are in 

mportant that the filler are readily dispersed in asphalt during asphalt blending and mixing. 
However it is difficult task to physically observe the homogeneity and dispersion characteristics of filler-asphalt 

sion, and adhesion characteristics of filler-asphalt mastic was 
evaluated by examining the mastic specimens through ESEM images at different magnificence to determining 
the quality and nature of the dispersion of the LSD and CWD within the modified binder. The mastic specimens 
were extensively viewed, and then representative photographs were taken as shown in Figure 2 (a) and (b). In 
view of Figure 2 (a) and (b), dust modified asphalt binders are visible and the main structure can be observed, it 

n that a particle of filler adsorbs alayer of bitumen, which entirely encloses the particle and asphalt-
filler mastics with ceramic waste had the most homogenous and dispersion in the asphalt. As illustrated in 
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Figure 2(a) and (b), the white spots represen
continuous asphaltene-rich phase remains dark. With the fine particle size, the homogeneity is no longer a 
concern indicating that the asphalt binder thoroughly coated the dust particles and 
 

(a)                                                                         (b)
 
Fig. 2(a-b): ESEM images of mastic(a) LSD modified asphalt x1000; (b) CWD modified asphalt x 1000
 
High Temperature Viscosity: 
 Viscosity, an intrinsic property of bituminous binders, is determined at a given temperature with a loading 
time and also related to stiffness and to resistance to asphalt pavement deformation. The viscosity values for 
bituminous binders can be determined 
on binder types and test instruments also, there are reasons to believe that the viscosity of the asphalt mastic, 
rather than that of the asphalt binder, should provide pertinent inform
temperatures of asphalt mixture.  For asphalt to have satisfactory mixing workability and paving compaction, 
the dynamic viscosities of bituminous binders at application temperatures are routinely ensured by performing 
viscosity tests using Brookfield viscometer on the two types of modified asphalt mastics. In this study 
Viscosities were tested according to the procedure outlined in ASTM D4402. 
 The viscosity values were plotted on the derived temperature
drawn. It is desired that the bitumen binder exhibits viscosities of 170 ± 20 centipoises (cP) for mixing and 280 
± 30 cP for compaction (Zaniewski and Pumphrey, 2004). The temperatures for the corresponding viscosity 
values were then selected as the mixing and compaction temperatures. To maintain workability, the viscosity 
value at 135°C should not exceed 3 Pa.s (3000 cP) (McGennis 
mastic viscosity is a well-defined linear function
The results obtained from viscosity tests are depicted in Figure 3, showing that the binder fulfilled the 
workability requirement. Additionally, viscosity of the binders was found to be increasing w
addition, hence escalating the required mixing and compaction temperatures. From Figure 3 the mixing and 
compaction temperatures range of base asphalt, LSD, and CWD modified asphalt were (153
234) and (137-143, 196-200, 216
relationship between temperature and viscosity and on the mixing and compaction temperatures as illustrated in 
Figure 3.  
 

 
Fig. 3: Viscosity-Temperature Chart for Base Asphalt, LS
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Figure 2(a) and (b), the white spots represent the air voids and the dispersed dust phase is bright while the 
rich phase remains dark. With the fine particle size, the homogeneity is no longer a 

concern indicating that the asphalt binder thoroughly coated the dust particles and the mastic was homogenous.

(a)                                                                         (b) 

ESEM images of mastic(a) LSD modified asphalt x1000; (b) CWD modified asphalt x 1000

Viscosity, an intrinsic property of bituminous binders, is determined at a given temperature with a loading 
time and also related to stiffness and to resistance to asphalt pavement deformation. The viscosity values for 
bituminous binders can be determined and expressed by means of various viscosity test techniques, depending 
on binder types and test instruments also, there are reasons to believe that the viscosity of the asphalt mastic, 
rather than that of the asphalt binder, should provide pertinent information on the mixing and compaction 
temperatures of asphalt mixture.  For asphalt to have satisfactory mixing workability and paving compaction, 
the dynamic viscosities of bituminous binders at application temperatures are routinely ensured by performing 

scosity tests using Brookfield viscometer on the two types of modified asphalt mastics. In this study 
Viscosities were tested according to the procedure outlined in ASTM D4402.  

The viscosity values were plotted on the derived temperature-viscosity graph and a regression line was 
drawn. It is desired that the bitumen binder exhibits viscosities of 170 ± 20 centipoises (cP) for mixing and 280 
± 30 cP for compaction (Zaniewski and Pumphrey, 2004). The temperatures for the corresponding viscosity 

then selected as the mixing and compaction temperatures. To maintain workability, the viscosity 
value at 135°C should not exceed 3 Pa.s (3000 cP) (McGennis et al., 1994). Analyses of test results show that 

defined linear function of temperature in the coordinates defined in ASTM D2493. 
The results obtained from viscosity tests are depicted in Figure 3, showing that the binder fulfilled the 
workability requirement. Additionally, viscosity of the binders was found to be increasing w
addition, hence escalating the required mixing and compaction temperatures. From Figure 3 the mixing and 
compaction temperatures range of base asphalt, LSD, and CWD modified asphalt were (153

6-220) respectively. The modification type has significant effects on the 
relationship between temperature and viscosity and on the mixing and compaction temperatures as illustrated in 

 

Temperature Chart for Base Asphalt, LSD, and CWD Modified Asphalt
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t the air voids and the dispersed dust phase is bright while the 
rich phase remains dark. With the fine particle size, the homogeneity is no longer a 

the mastic was homogenous. 

 

ESEM images of mastic(a) LSD modified asphalt x1000; (b) CWD modified asphalt x 1000. 

Viscosity, an intrinsic property of bituminous binders, is determined at a given temperature with a loading 
time and also related to stiffness and to resistance to asphalt pavement deformation. The viscosity values for 

and expressed by means of various viscosity test techniques, depending 
on binder types and test instruments also, there are reasons to believe that the viscosity of the asphalt mastic, 

ation on the mixing and compaction 
temperatures of asphalt mixture.  For asphalt to have satisfactory mixing workability and paving compaction, 
the dynamic viscosities of bituminous binders at application temperatures are routinely ensured by performing 

scosity tests using Brookfield viscometer on the two types of modified asphalt mastics. In this study 

and a regression line was 
drawn. It is desired that the bitumen binder exhibits viscosities of 170 ± 20 centipoises (cP) for mixing and 280 
± 30 cP for compaction (Zaniewski and Pumphrey, 2004). The temperatures for the corresponding viscosity 

then selected as the mixing and compaction temperatures. To maintain workability, the viscosity 
., 1994). Analyses of test results show that 

of temperature in the coordinates defined in ASTM D2493. 
The results obtained from viscosity tests are depicted in Figure 3, showing that the binder fulfilled the 
workability requirement. Additionally, viscosity of the binders was found to be increasing with LSD and CWD 
addition, hence escalating the required mixing and compaction temperatures. From Figure 3 the mixing and 
compaction temperatures range of base asphalt, LSD, and CWD modified asphalt were (153-157, 210-214, 230-

220) respectively. The modification type has significant effects on the 
relationship between temperature and viscosity and on the mixing and compaction temperatures as illustrated in 

D, and CWD Modified Asphalt. 



156                                                       
Australian Journal of Basic and Applied Sciences

 

 Stiffening Powers of Mastic: 
 Results of softening point, penetration, and viscosity tests at F/A ratio of 1.6 are shown in Figure 4 (a) and 
(b). As it can be observed, a marked increase in softening point and decrease in 
addition of filler, and the addition of CWD resulted in more significantly increased softening point and 
decreased in penetration than LSD. 
 

 
Fig. 4(a-b): Base Asphalt Binder and Modified Asphalt Type Traditional Physical Properties Results (a) 

Softening point and Penetration (b) Viscosity at 135°C
 
 The results shows that, the stiffening power effects of asphalt
ceramic waste, was considerably greater than the effect of the limestone asphalt
ratio, the softening point stiffening power and the drop in penetration of the mastics compared to base asphalt 
were (33.3% and 39.6% ) and (58.3%
4(b) that the addition of CWD increases the viscosity of base asphalt at high pavement temperature. The 
stiffening ratio of viscosity at temperature 135º C of LSD and CWD mastic compared 
observed as 7.99 and 15.62 respectively. This indicated that, at given F/A ratio the CWD mastic shows far 
superior performance compared to LSD modified asphalt mastic.
 
Temperature Steps Test:  
 Bitumen rheology can widely be represented by two main viscoelastic parameters: complex modulus (G*) 
and phase angle (δ). These parameters change with temperature and loading time. Complex modulus represents 
stiffness, whilst phase angle is normally used t
Higher values of phase angle indicate a tendency towards more viscous behavior, whilst lower values indicate 
more elastic response. The DSR has been introduced to investigate the viscoelastic
providing information relating to both the steady
dynamic viscosities of bituminous binders are measured by performing an oscillatory test using a DSR, because 
binders behave both as elastic solids and viscous liquids at pavement service temperatures. The Superpave 
binder specification uses a rutting factor, G*/sin
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Results of softening point, penetration, and viscosity tests at F/A ratio of 1.6 are shown in Figure 4 (a) and 
(b). As it can be observed, a marked increase in softening point and decrease in penetration was obtained by the 
addition of filler, and the addition of CWD resulted in more significantly increased softening point and 

 

(a) 

(b) 

Base Asphalt Binder and Modified Asphalt Type Traditional Physical Properties Results (a) 
Softening point and Penetration (b) Viscosity at 135°C. 

The results shows that, the stiffening power effects of asphalt-filler mastics, particularly the mastic of 
ceramic waste, was considerably greater than the effect of the limestone asphalt- filler mastics. At same F/A 
ratio, the softening point stiffening power and the drop in penetration of the mastics compared to base asphalt 
were (33.3% and 39.6% ) and (58.3% and 71.4%) for LSD and CWD respectively. It can be seen from Figure 
4(b) that the addition of CWD increases the viscosity of base asphalt at high pavement temperature. The 
stiffening ratio of viscosity at temperature 135º C of LSD and CWD mastic compared 
observed as 7.99 and 15.62 respectively. This indicated that, at given F/A ratio the CWD mastic shows far 
superior performance compared to LSD modified asphalt mastic. 

Bitumen rheology can widely be represented by two main viscoelastic parameters: complex modulus (G*) 
). These parameters change with temperature and loading time. Complex modulus represents 

stiffness, whilst phase angle is normally used to demonstrate the viscoelastic response of bituminous materials. 
Higher values of phase angle indicate a tendency towards more viscous behavior, whilst lower values indicate 
more elastic response. The DSR has been introduced to investigate the viscoelastic 
providing information relating to both the steady-state viscosity and the low shear complex viscosity. Complex 
dynamic viscosities of bituminous binders are measured by performing an oscillatory test using a DSR, because 

e both as elastic solids and viscous liquids at pavement service temperatures. The Superpave 
binder specification uses a rutting factor, G*/sinδ, which is a measure of asphalt binder’s stiffness or rut 
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resistance at high pavement service temperatures. As a physical material property, rutting parameter (G*/sin δ) 
at 10 rad/s (1.592Hz) for bituminous binders has commonly been accepted in Strategic Highway Research 
Program (SHRP) as a potential indicator of the permanent deformation resistance of asphalt pavement rutting 
performance. Results of Superpave binder temperature steps tests are summarized in Table 4. As shown in Table 
4, for different dust additions, the PG high temperature ranges from 52°C to 76°C. 
 
Table 4: Temperature Steps Test Results and Ranking of Un-aged Base Asphalt Binder and Modified Asphalt. 

Modification type 

Rutting parameter (G*/sin δ) in kPa on un-aged base asphalt and modified 
asphalt  @1.592Hz (10 rad/s) 

Ranking by 

 
46 °C 

 
52 °C 

 
58 °C 

 
64 °C 

 
70 °C 

 
76 °C 

 
82 °C 

Failure Temperature and 
High temperature PG 

grading 
Base asphalt 1.18 1.15 1.10 0.232 0.152 0.126 0.101 57.8°C PG52 3 

LSD 5.12 4.47 1.88 1.283 0.762 0.342 0.192 66.4°C PG64 2 
CWD 6.30 5.45 5.19 3.584 2.514 1.432 1.011 81.5°C PG76 1 

 
 The test results showed that the complex modulus (G*) increases with the introduction of CWD, this is 
consistent with the results of viscosity, softening point, and penetration testing of asphalt-filler mastics which 
showed that, the CWD modified asphalt at given F/A ratio has caused the highest stiffening effect compared to 
LSD modified asphalt. Experimental results in Table 4 indicate that the changes of G*/sin δ of CWD modified 
asphalt binder with increase of test temperature tend to slow down, and the temperature susceptibility is 
improved compared to that of base asphalt and LSD modified asphalt. Table 4 illustrates G*/sin δ measured at 
reference temperature of 52°C for original binder, LSD and CWD modified asphalt. CWD modified asphalt 
results in the increase of rutting parameter (G*/sin δ) at high temperatures, the decrease of temperature 
susceptibility, and further improved high temperature performance of asphalt binder. For the same F/A ratio, 
rutting factor increases with the CWD addition by 21.9% compared to LSD modified asphalt. The critical 
(failure) temperature shown in Table 4 is the temperature at which the binder just meets the high temperature 
specification limit of 1.00 kPa for G*/sin δ on original binder. The high (Failure) temperature of PG grade is 
determined based on that the rutting factor must be at least 1.00 kPa for the original asphalt binder and a 
minimum of 2.20 kPa for the RTFO aged asphalt binder when tested by DSR. The failure temperature of the 
base asphalt binder, CDW, and LSD modified asphalt mastics was measured at G*/sin δ corresponding to 1000 
Pa and the results were depicted in Figure 5.  Greater failure temperature values have been obtained for the 
ceramic waste compared to the control mastics of limestone also, CWD mastics show a gradual change with 
temperature while the base asphalt show a rapid decline with temperature. The increment of failure temperature 
is very important to improving the high performance of asphalt-mastic. It will help to reduce the high 
temperature deformation and rutting damage of asphalt pavement. According to the PG grading, with the 
addition of CWD, the PG high temperature increases from 52°C to 76°C, indicating a higher rutting resistance 
of the binder.  
 

 
 
Fig. 5: Rutting parameter and Failure Temperature at 1kPa of Asphalt Binder, LSD, and CWD Modified    
       Asphalt. 
 
 Storage and Loss Modulus of Modified Binders: 
 Asphalt is viscoelastic material, has an elastic component and a viscous component. Purely elastic materials 
do not dissipate energy when a load is applied and then removed, whereas a viscoelastic material loses energy.  
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 The storage modulus G´represents t
stored during a loading cycle. It is roughly equal to the elastic modulus for a single, rapid stress at low load and 
reversible deformation. The in-phase component of 
modulus, is defined as: 
G' = G*cos δ                                                                                                                       
 The loss modulus G´´ is defined as being proportional to the energy dissipated during one loading cycle. It 
represents, for example, energy lost as heat, and is a measure of vibrational energy that has been converted 
during vibration and that cannot be recovered. The out
modulus) of the complex shear modulus, as: 
G'' = G*sin δ                                                                                                                       
 The real part of the modulus may be used for assessing the elastic properties, and the imaginary part for the 
viscous properties. 
 The loss factor tan δ is the ratio of loss modulus to storage modulus (G”/G’). It is a measure of the energy 
lost, expressed in terms of the recoverable energy, and represents mechanical damping or internal friction in a 
viscoelastic system. The loss factor tan 
indicative of a material that has a high, no
elastic. 
 The binder should have a high value of storage modulus (G’) at high temperatures for deformation 
resistance since (G') measures the binder elasticity. To avoid viscous flow o
high elasticity is required.  The elastic (storage) and viscous (loss) modulus values of base and modified binders 
tested at temperature of 52°C are shown in Figure 6(a) and (b). Similar to previous results, the addition o
resulted in an increase in elastic modulus compared to LSD modified asphalt. This increase in elasticity at high 
temperatures may be due to the interactions between CWD and asphalt binder and can be attributed to the 
viscosity of the neat binder being low enough to allow the elastic network of the CWD mastic to influence the 
mechanical properties of the base binder.
 

 
Fig. 6(a-b): (a) Elastic Modulus (G’) and Viscous Modulus (G”) vs Modified Asphalt Type
 
Deformation Resistance and Modification Index of Modified Binders:
 In general a binder should have high values of G*, G' and a low value of G”, tan 
deformation resistance. The results in Table 5 show a considerable difference in the degree of modification 
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The storage modulus G´represents the stiffness of a viscoelastic material and is proportional to the energy 
stored during a loading cycle. It is roughly equal to the elastic modulus for a single, rapid stress at low load and 

phase component of G*, or the real part (storage modulus) of the complex shear 

                                                                                                                                 
G´´ is defined as being proportional to the energy dissipated during one loading cycle. It 

represents, for example, energy lost as heat, and is a measure of vibrational energy that has been converted 
during vibration and that cannot be recovered. The out-of-phase component of G*, or the imaginary part 
modulus) of the complex shear modulus, as:  

                                                                                                                                  
The real part of the modulus may be used for assessing the elastic properties, and the imaginary part for the 

 is the ratio of loss modulus to storage modulus (G”/G’). It is a measure of the energy 
expressed in terms of the recoverable energy, and represents mechanical damping or internal friction in a 

viscoelastic system. The loss factor tan δ is expressed as a dimensionless number. A high tan 
indicative of a material that has a high, nonelastic strain component, while a low value indicates one that is more 

The binder should have a high value of storage modulus (G’) at high temperatures for deformation 
resistance since (G') measures the binder elasticity. To avoid viscous flow of the binder at high temperatures 
high elasticity is required.  The elastic (storage) and viscous (loss) modulus values of base and modified binders 
tested at temperature of 52°C are shown in Figure 6(a) and (b). Similar to previous results, the addition o
resulted in an increase in elastic modulus compared to LSD modified asphalt. This increase in elasticity at high 
temperatures may be due to the interactions between CWD and asphalt binder and can be attributed to the 

g low enough to allow the elastic network of the CWD mastic to influence the 
mechanical properties of the base binder. 

(a) 

(b) 

(a) Elastic Modulus (G’) and Viscous Modulus (G”) vs Modified Asphalt Type

Modification Index of Modified Binders: 
In general a binder should have high values of G*, G' and a low value of G”, tan δ at high temperatures for 

deformation resistance. The results in Table 5 show a considerable difference in the degree of modification 
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between LSD and CWD. It can be concluded from Table 5 that the modification index (storage shear modulus, 
G') of [G'mastic/G'binder] is higher than deformation resistance (complex shear modulus, G*) of [G*mastic 
/G*binder] at 52°C for both LSD and CWD modified asphalt compared to base asphalt. The modification index 
of CWD modified asphalt is higher than modification index of LSD modified asphalt and the loss factor tan δ of 
CWD is less compared to LSD modified asphalt. The CWD mastic tends to show more elastic behavior at high 
temperatures compared to LSD mastic and this leads the elastic behavior to be dominant gradually. 
 
Table 5: Comparison of modification index and deformation resistance of CWD modified binder 

Modification 
type 

G* δ tan δ 
Deformation resistance Modification index Work dissipated per loading 

cycle (kN/m2) G*mastic /G*binder G'
mastic/ G'

binder 
Base asphalt 1.15 88.7 44.06 1.00 1.00 0.03832 
LSD mastic 3.86 59.7 1.71 3.36 74.71 0.01012 
CWD mastic 4.14 49.9 1.19 3.60 102.29 0.00829 

 
Dissipated Energy Concept:  
 The pavement layer subject to traffic loading would recover some deformation due to elastic stored energy 
in the layer materials. The energy is dissipated in damping and in permanent flow. The damping energy is 
recoverable if given enough time, but the energy related to permanent flow is lost. The permanent portion of the 
dissipated energy is believed to be the main contributor to the rutting behavior of asphalt pavements (Bahia et. 
al, 2001).The work dissipated per loading cycle at a constant stress was calculated using the following equation: 








=
δ

σπ ο
sin/

1
.

*
2

G
Wc

           (3) 
 Where: Stress = σ = 0.12 kPa for unaged binder, π =3.14, G* and δ values from Table 5. 
 It can be seen from the preceding equation that the work dissipated per loading cycle can be decreased by 
either increasing the value of (G*) and or decreasing the value of (δ), with higher values of G*/sin δ (behaves 
more like elastic solid)/or lower values of work dissipated per loading cycle (lower value of energy lost) 
indicated superior rutting resistance.  
 Using the hypothesis that increase in rutting parameter (G*/sin δ)/or decrease in energy lost per loading 
cycle will correspond to improved rutting resistance. The CWD show a more pronounced increase in G* and 
decrease in sin δ, which improved temperature susceptibility followed by LSD modified asphalt which indicated 
a general trend that, for given dust combinations and binder content (F/A ratio) the CWD caused the most 
stiffening and the less energy dissipated, thus gives superior performance compared to the control LSD modified 
asphalt. It can be seen from Table 5 that the dust type influenced the rheological properties of asphalt binder 
differently.  In fact, Table 5 showed that the type of dust has different effects on the same asphalt binder due to 
the dust properties and physical chemical reactions between the two materials. This results demonstrates that 
complex modulus (G*) alone is not sufficient to characterize asphalt binder/or mastic, phase angle (δ) is also 
need.  
 
Dynamic Creep Test: 
 The dynamic (repeated) creep tests were performed on base asphalt, LSD, and CWD modified asphalt using 
Dynamic Shear Rheometer (DSR). During rest period, the specimen recovers some of the strain that was 
developed during the 1-s stress period before it is loaded again. A total of 100 creep cycles were performed on 
the RTFO aged mastics at a temperature of 52°C. The permanent strain was then accumulated for 100 cycles (or 
1000 seconds) to determine and compare the resistance of modified asphalt mastics to permanent deformation 
(rutting) under repeated loading that is meant to simulate traffic loading.  Figure 7 depicts the results of the 
repeated creep testing of base asphalt, LSD, and CWD modified asphalt at conditions of 1 second loading and 9 
second unloading.  
 The overall permanent deformation ranking as a function of accumulated strain and work dissipated per 
load cycle (energy lost per cycle) with lower value of accumulated strain percent and lower value of energy lost 
at the end of 100 cycles indicating superior rutting resistance. It can be observed that the CWD modified asphalt 
mastic is offering significantly higher recovery during the creep testing and thus exhibits significantly low 
accumulated deformation and superior performance compared to base asphalt and LSD modified asphalt as 
shown in Figure 7.  In addition, the test results at the end of 100 cycles showed that the accumulated (total) 
strain was influenced by the type of the dust used at a given F/A ratio. 
 
Conclusions: 
 In this study, the properties of asphalt binder modified with additions of LSD and CWD over a wide range 
of climatic conditions were investigated by determining the PG of the LSD and CWD-modified binders 
according to Superpave specifications. The base asphalt used in this study was the neat asphalt with PG 52-28, 
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and one fixed dust to asphalt ratio of 1.6 was introduced. On the basis of the discussion above, the following 
conclusions can be drawn: 
 

 
Fig. 7: Results of the Accumulated Strain under Repeated

Modified Asphalt at 1 s Loading and 9 s Unloading on RTFO aged at (52°C, 220 Pa)
 
1) ESEM imaging, DSR analysis and fundamental rheological testing have shown the considerable changes 
that can occur in the physical, chemical, morphological and rheological properties of dust modified asphalt as a 
function of modification type. 
2) Conventional penetration, softening point, and high temperature viscosity tests have demonstrated the 
increased stiffness (hardness) and improved temperature susceptibility of the dust modified asphalt.
3) CWD results in increased high
mixing and compacting temperatures of modified asphalt mastic containing CWD is 20
that containing LSD respectively. 
4) The rheological properties of CWD modified asphalt results in increased the failure temperature, binder 
elasticity (storage modulus, G’), and binder stiffness (complex shear modulus, G*) and decrease
(tan δ) in the high temperature (or low frequency) area. It indicates that CWD may have positive effect on high 
temperature properties of asphalt mastic.
5) With introducing the CWD to base asphalt, the PG high temperature increased from 52°C to
results indicate that the addition of CWD tends to improve the rutting resistance of asphalt binders, however, 
may be increases the tendency for fatigue cracking and low temperature cracking. Adding content of CWD (i.e. 
1.6 dust to asphalt ratio within the scope of this study), the modified binder presents improved rutting resistance.
 

 
 Some of the research reported in this paper formed part of a research project entitled ‘‘Development of 
Ceramic Modified Asphalt (CMA) Mixtures”. The Author acknowledges the financial assistant of 
Engineering Unit, Asphalt and Pavement Laboratory, 
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and one fixed dust to asphalt ratio of 1.6 was introduced. On the basis of the discussion above, the following 

 

Results of the Accumulated Strain under Repeated Creep Testing for Base Asphalt, LSD, and CWD 
Modified Asphalt at 1 s Loading and 9 s Unloading on RTFO aged at (52°C, 220 Pa)

ESEM imaging, DSR analysis and fundamental rheological testing have shown the considerable changes 
physical, chemical, morphological and rheological properties of dust modified asphalt as a 

Conventional penetration, softening point, and high temperature viscosity tests have demonstrated the 
nd improved temperature susceptibility of the dust modified asphalt.

CWD results in increased high-temperature viscosity of asphalt mastic. It is concluded that the average 
mixing and compacting temperatures of modified asphalt mastic containing CWD is 20˚C and 20

The rheological properties of CWD modified asphalt results in increased the failure temperature, binder 
elasticity (storage modulus, G’), and binder stiffness (complex shear modulus, G*) and decrease

) in the high temperature (or low frequency) area. It indicates that CWD may have positive effect on high 
temperature properties of asphalt mastic. 

With introducing the CWD to base asphalt, the PG high temperature increased from 52°C to
results indicate that the addition of CWD tends to improve the rutting resistance of asphalt binders, however, 
may be increases the tendency for fatigue cracking and low temperature cracking. Adding content of CWD (i.e. 

within the scope of this study), the modified binder presents improved rutting resistance.

ACKNOWLEDGMENTS 

Some of the research reported in this paper formed part of a research project entitled ‘‘Development of 
Ceramic Modified Asphalt (CMA) Mixtures”. The Author acknowledges the financial assistant of 
Engineering Unit, Asphalt and Pavement Laboratory, Faculty of Engineering, Universiti Putra Malaysia (UPM).

REFERENCES 

Othman, 2006. Effect of using waste cement dust as mineral filler on the 
mechanical properties of hot mix asphalt. Assoc Univ Bull Environ Res., 9(1): 51-9. 

Simms, R. Bushman and A.T. Bergman, 1996. Mechanistic evaluation of fly ash 
asphalt concrete mixtures.  J. Mater. Civ. Eng., 8(1): 19-25. 

Zeng, Y. Hu and P. Turner, 2001.  Development of Binder Specification 
rs Based on Characterization of Damage Behavior. Journal of the Association of Asphalt Paving 

2007. Effect of crushed ceramic and basaltic pumice as fine aggregates on mixture mortars 
properties. Constr. Build. Mater., 21(6): 1191-1197. 

Sappakittipakorn, M. Sano and F. Yagishita, 2012. Chloride ion penetration into 
mortar containing ceramic waste aggregate.Constr. Build. Mater., 33(8): 48-54. 

Zeng, 2005. The Current Situation in Comprehensive Utilization of Ceramic Waste. China 

161 

and one fixed dust to asphalt ratio of 1.6 was introduced. On the basis of the discussion above, the following 

 

Creep Testing for Base Asphalt, LSD, and CWD 
Modified Asphalt at 1 s Loading and 9 s Unloading on RTFO aged at (52°C, 220 Pa). 

ESEM imaging, DSR analysis and fundamental rheological testing have shown the considerable changes 
physical, chemical, morphological and rheological properties of dust modified asphalt as a 

Conventional penetration, softening point, and high temperature viscosity tests have demonstrated the 
nd improved temperature susceptibility of the dust modified asphalt. 

temperature viscosity of asphalt mastic. It is concluded that the average 
C and 20̊C higher than 

The rheological properties of CWD modified asphalt results in increased the failure temperature, binder 
elasticity (storage modulus, G’), and binder stiffness (complex shear modulus, G*) and decreased loss factor 

) in the high temperature (or low frequency) area. It indicates that CWD may have positive effect on high 

With introducing the CWD to base asphalt, the PG high temperature increased from 52°C to 76°C. The 
results indicate that the addition of CWD tends to improve the rutting resistance of asphalt binders, however, 
may be increases the tendency for fatigue cracking and low temperature cracking. Adding content of CWD (i.e. 

within the scope of this study), the modified binder presents improved rutting resistance. 

Some of the research reported in this paper formed part of a research project entitled ‘‘Development of 
Ceramic Modified Asphalt (CMA) Mixtures”. The Author acknowledges the financial assistant of Highway 

Faculty of Engineering, Universiti Putra Malaysia (UPM). 

Othman, 2006. Effect of using waste cement dust as mineral filler on the 

Bushman and A.T. Bergman, 1996. Mechanistic evaluation of fly ash 

Hu and P. Turner, 2001.  Development of Binder Specification 
rs Based on Characterization of Damage Behavior. Journal of the Association of Asphalt Paving 

2007. Effect of crushed ceramic and basaltic pumice as fine aggregates on mixture mortars 

2012. Chloride ion penetration into 

Comprehensive Utilization of Ceramic Waste. China 



161                                                         Eltaher Aburkaba and Ratnasamy Muniandy, 2016 
Australian Journal of Basic and Applied Sciences, 10(6) March 2016, Pages: 150-161 

 

Huang, B., Q. Dong and E.G. Burdette, 2009. Laboratory evaluation of incorporating waste ceramic 
materials into Portland cement and asphaltic concrete. Constr. Build. Mater., 23(12): 3451-3456. 

Huang, B., G. Li, S. Pang and J. Eggers, 2004. Investigation into waste tire rubber filled concrete. J. Mater. 
Civ. Eng., 16(3): 187-194. 

Huang, B., X. Shu and X. Chen, 2007. Effects of mineral fillers on some properties of HMA mixtures. Int. 
J. Pavement Eng., 8(1): 1-9. 

Huang, B., X. Shu and D. Vukosavljevic, 2011. Laboratory investigation of cracking resistance of hot-mix 
asphalt containing screened reclaimed asphalt pavement.  J. Mater. Civ. Eng., 23(11): 1535-1543. 

Huang, B., X.Q. Shu Dong and J. Shen, 2010. Laboratory evaluation of moisture susceptibility of hot-mix 
asphalt containing cementitious fillers. J. Mater. Civ. Eng., 22(7): 667-673. 

Huang, B., X. Shu and G. Li, 2005. Laboratory investigation of portland cement concrete containing 
recycled asphalt pavements.  Cem. Concr. Res., 35(10): 2008-2013. 

Hwang S.D., H.M. Park and Sk. Rhee, 2008. A study on engineering characteristics of asphalt concrete 
using filler with recycled waste lime. Waste Manage, 28(1): 191-9. 

Kalantar, Z.N., M.R. Karim and A. Mahrez, 2012. A review of using waste and virgin polymer in 
pavement.  Constr. Build. Mater., 33: 55-62. 

Martínez, C.M., G.M.I. Romero, J.M. Morán del Pozo and A.J. Valdés, 2009. Use of ceramic wastes in 
structurals concretes. 1st Spanish National Conf. on Advances in Materials Recycling and Eco-Energy, F. A. 
López, F. Puertas, F. J. Alguacil, and A. Guerrero, eds., Madrid, Spain, pp: 137-139. 

McGennis, R.B., S. Shuler and H.U. Bahia, 1994. Background of Superpave asphalt binder test methods, 
Report No:FHWA-SA-94- 069, US Department of Transportation, USA. 

Medina, C., M. Frías and M.I. Sánchez de Rojas, 2012. Microstructure and properties of recycled concretes 
using ceramic sanitary ware industry waste as coarse aggregate. Constr. Build. Mater., 31(6): 112-118. 

Moghaddam, T.B., M.R. Karim and T. Syammaun, 2012. Dynamic properties of stone mastic asphalt 
mixtures containing waste plastic bottles. Constr. Build. Mater., 34: 236-242. 

Muniandy, R., E.E. Aburkaba, H.B. Hamid and R.B. Yunus, 2009. An initial investigation of the use of 
local industrial wastes and by-products as mineral fillers in stone mastic asphalt pavements. J. Eng. Appl. Sci., 
4(3): 54-63. 

Senthamarai, R.M. and P.D. Manoharan, 2005. Concrete with ceramic waste aggregate. Cem. Mixture 
Compos., 27(9–10): 910-913. 

Seeds, Stephen B., N.C. Jackson, J. Ziegler, 1998. Techniques for Pavement Rehabilitation. National 
Highway Institute (NHI). 

Siddesha, H., 2011. Experimental studies on the effect of ceramic fine aggregate on the strength properties 
of concrete.  Int. J. Adv. Eng. Sci. Technol., 1(1): 71-76. 

Tapkin S., 2008. Mechanical evaluation of asphalt-aggregate mixtures prepared with fly ash as a filler 
replacement. Can J Civ Eng., 35(1): 27-40. 

Uzun, I., S. Terzi, 2012. Evaluation of andesite waste as mineral filler in asphaltic concrete mixture. Constr. 
Build. Mater., 31: 284-288. 

Van de Ven, M.F.C., A.A.A. Molenaar and M.R. Poot, 2011. Asphalt mixtures with waste materials: 
possibilities and constraints. Conf. Asphalt Pavements for Southern Africa, [CAPSA11], KwaZulu-Natal, South 
Africa. 

Wang, J., X. Zeng, 2006. Influence of temperature and pressure on the dynamic properties of rubber-
modified asphalt Concrete. J. Mater. Civ. Eng., 18(1): 125-131. 

Wu, S., J. Zhu., J. Zhong, D. Wang, 2011. Experimental investigation on related properties of asphalt 
mastic containing recycled red brick powder.  Constr. Build. Mater., 25(6): 2883-2887. 

Xu, Q., H. Chen, J.A. Prozzi, 2010. Performance of fiber reinforced asphalt mixture under environmental 
temperature and water effects.” Constr. Build. Mater., 24(10): 2003-2010. 

Youtcheff, S., Jack and D. Jones, 1994. Guideline for Asphalt Refiners and Suppliers, Strategic Highway 
Research Program, SHRP-A-686, Washington, D.C. 

Zaniewski, J.P., M.E. Pumphrey, 2004. Evaluation of performance graded asphalt binder equipment and 
testing protocol, Asphalt Technology Program, The University of Texas at Austin, USA. 


