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 This study examines four types of industrial and by-product wastes filler, namely; 
limestone as reference filler, ceramic waste, coal fly ash, and steel slag. One filler 
content consists of 10% by total weight of aggregate with three proportions; 100% 
passing 75micron (µm), 50/50 % passing 75µm/20µm, and100% passing 20µm was 
used. Laboratory tests were performed to determine the impact of different filler types 
and filler particle size on some properties of asphalt-filler mastics and Stone Mastic 
Asphalt mixture (SMA). The results indicate that the application of industrial and by-
products wastes as filler improves the properties of asphalt-filler mastic and SMA 
mixtures. The increased stiffness, due to addition of the filler, is represented by an 
increase in softening point, in viscosity, stability and resilient modulus as well as a 
decrease in penetration. The optimum asphalt content at given filler to asphalt ratio 
increased with the decrease in filler particle size regardless filler type. It was also 
determined that the filler type and particle size has significant effect on the mixture 
property. Among these three proportions, the samples prepared with the filler size 
proportion of 100% passing the 75microm gave the best value in terms of Marshall 
Quotient, the filler size proportion of 50/50 gave the best value in terms of Resilient 
Modulus while Stability vary depends on filler type. 
 
 

© 2013 AENSI Publisher All rights reserved. 

 
INTRODUCTION 

 
 The continuing rapid growth in traffic demand, along with the increase in allowable axle loads, necessitates 
the improvement of the highway paving materials. The goal of highway authorities is to provide safe, 
economical, durable, and smooth pavements that capable of carrying the anticipated loads. To achieve this goal 
many experts, engineers, and researchers are eager and devoted to select paving materials that minimize 
pavement distresses and to improve the performance of asphalt pavements. Fillers as one of the components in 
an asphalt mixture, play a major role in determining the properties and the behavior of the mixture, especially 
the binding and aggregate interlocking effects. The filler has the ability to increase the resistance of particle to 
move within the mix matrix and/or works as an active material when it interacts with the asphalt cement to 
change the properties of the mastic. Mineral fillers serve a dual purpose when added to asphalt mixes, the 
portion of the mineral filler that is finer than the thickness of the asphalt film blends with asphalt cement binder 
to form a mortar or mastic that contributes to improved stiffening of the mix. Particles larger than the thickness 
of the asphalt film behave as mineral aggregate and hence contribute to the contact points between individual 
aggregate particles (Puzinauskas, 1969). Furthermore, fillers affect the workability, moisture sensitivity, 
stiffness and ageing characteristics of hot mix asphalt   (Mogawer et al., 1996). Fillers vary in gradation, particle 
shape, surface area, void content, mineral composition, and physico-chemical properties and, therefore, their 
influence on the properties of HMA mixtures also varies and the maximum allowable amount should be 
different for various types of filler (Kandhal, 1981). In order to improve the pavement performance, it is 
necessary to ensure an adequate behavior of the bituminous mixtures is achieved, which depends essentially on 
their composition. Therefore, selecting proper type of filler in asphalt mixtures would improve its properties and 
thus enhance the mixture performance. (Neubauer and Partl, 2004) investigated the behavior of stone mastic 
asphalts SMA 11 and SMA 16 with different filler/binder proportion in order to find out whether Marshall and 
Gyratory methods provide the same optimum binder content. They found out that none of the optimum binder 
content values determined by the Marshall and the Gyratory compactor method were identical for any of the 
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filler/binder proportions used, the optimum binder contents determined using the Marshall compactor were 
distinctly higher than those using the Gyratory compactor. 
 (Kim et al., 2003) tested sand particles mixed with plain asphalt binders and asphalt mastics. The study 
concluded that the filler type affected the fatigue behavior of asphalt binders and mastics also fillers stiffened 
the binders, and hydrated lime was more effective in stiffening binders than limestone. Another conclusion was 
that even if the fillers stiffened the binders, they acted in such a way that they provided better resistance to 
microcracking and thus an increased fatigue life. (Kandhal and Parker, 1998) summarized the influences mineral 
filler can have on the performance of HMA mixtures as follows: Depending on the particle size, fines can act as 
a filler or an extender of asphalt cement binder. In the later case, an over-rich Hot Mix Asphalt (HMA) mix can 
lead to flushing and rutting. In many cases, the amount of asphalt cement used must be reduced to prevent a loss 
of stability or pavement bleeding. Some fines have a considerable effect on the asphalt cement, making it act as 
a much stiffer grade of asphalt cement compared with the neat asphalt cement grade and, thus, affecting the 
HMA pavement performance including its fracture behavior. (Harris and Stuart, 1998) studied the effects of 
fillers in Stone Mastic Asphalt (SMA) mixtures and argued that the gap graded nature of SMA means that 
coarse aggregate particles dominate the aggregate skeleton. In this instance all of the filler contributes to the 
mastic formed. (Tayebali et al., 1998) investigated the possibility of increasing the amount of fines in asphalt 
mixtures, based on the washed sieve analysis, from a maximum of about 8 percent as currently specified, 
without adversely affecting the performance of the mixture. At the same time, it was also of interest to 
investigate the influence of the mineral filler type (crushed versus natural river sands, or combinations thereof) 
on asphalt Marshall Mix design and on the shear permanent deformation performance. They found out that by 
increasing the amount of mineral filler the Marshall Stability and unit weight increased. This procedure led to a 
higher shear resilient modulus due to increased unit weight, without adversely affecting its rutting during the 
repeated shear testing. Previous research, Superpave (Superpave Mix Design, 1996) showed that the addition of 
mineral fillers such as limestone powder to asphalt could improve the rutting resistance performance. The 
mineral powder improved the high-temperature thermal properties, presumably because its small particle size 
which resulted in a large area of the interface between mineral powder and asphalt. (Ishai et al., 1980) proposed 
that different fillers have different effects on the same bitumen and these were attributable to the surface activity 
of the fillers. The study was limited by regard to the range of fillers studied, but found that hydrated lime had 
both the highest geometrical irregularity and the highest surface activity. These observations were based on 
hygroscopic measurements. Similarly, (Kavussi and Hicks, 1997) in a study of four types of filler - limestone, 
quartz, fly ash and kaolin - attributed the higher stiffening potential of kaolin to the fineness and the surface 
affinity to bitumen. (Anderson and Geotz, 1973) examined the stiffening effect of a series of one-sized fillers 
ranging from 0.6 to 75 mm (passing No. 200 sieves). The investigation concluded that both the size of the filler 
and bitumen binder composition had a significant influence on stiffening effect and that a proportion of the 
bitumen could be replaced by fine filler (<10 micron) but the mixtures produced were very sensitive to changes 
in the filler type. (Puzinauskas et. al., 1969) believed that filler performed a dual role in asphalt-aggregate 
mixtures. A portion of the filler with particles larger than the asphalt film will contribute in producing the 
contact points between aggregate particles, while the remaining filler is in colloidal suspension in the asphalt 
binder, resulting in a binder with a stiffer consistency. The authors found that the stabilities of asphalt mixtures 
increase up to a certain filler concentration, then decrease with additional filler. 
 In this study four different types of fillers namely, limestone as reference filler, ceramic waste, coal fly ash, 
and steel slag with three proportions of particles containing different size distributions were graded and used in 
this study. One set of proportion  had a distribution of 100% passing the 75 micron (µm) sieve, second set had  
50% passing the 75 µm and 50% passing the 20 µm, and the third had 100% passing the 20 µm sieve. This 
paper presents a laboratory investigation into the effects of different fillers and filler particle size on some 
laboratory-measured properties of asphalt mastics and SMA mixtures. 
 

MATERIALS AND METHODS 
 
 The investigation study consists of four phases. (1) Material properties, (2) Fine mastics (filler + asphalt 
binder) testing. (3) Mix design for the four fillers with three proportions of filler particle size and determination 
of the volumetric and mechanical properties of the SMA mixtures. (4) Evaluation of mixtures. In the first phase 
the material properties of the aggregate, asphalt, cellulose palm oil fiber, and fillers were determined, while in 
the second phase mastics were tested for their physical properties such as viscosity, softening point, penetration 
and compared with the neat asphalt. In the third phase the optimum asphalt content for the twelve mix design 
were determined using the Marshall Mix Design Method (ASTM D 1559), while in the fourth phase the 
optimized mixtures were evaluated by Marshall stability and resilient modulus tests. 
 
Materials: 
Aggregate: 
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 The coarse and fine aggregates used were crushed granite rock from Kajang Rock Quarry, Malaysia. 
Granite aggregates with nominal maximum size of 12.5 mm and gradation as specified by National Asphalt 
Pavement Association (NAPA, 1994) was used in this study. The laboratory tests performed to evaluate the 
properties of fine and coarse aggregates were; los angeles abrasion, aggregate impact value, flakiness and 
elongation index, fine and coarse angularity, specific gravity, particle size distribution, and percent absorption.  
 
Asphalt Binder: 
 Most agencies would normally specify a higher PG grade, such as a PG 76-22 instead of the 80/100 
penetration grade for highway construction projects. Since the performance of the fillers were of concern in this 
study, the commonly used 80/100 penetration grade soft binder was intentionally selected. This is to make sure 
there are no additional properties derived from additives if modified binders such as 60/70 and PG 76-22 were 
used. The laboratory tests performed to evaluate the asphalt properties were: penetration, softening point, 
viscosity, and specific gravity tests.  
 
Cellulose Palm Oil Fiber:  
 Cellulose oil palm fiber is used in SMA as a stabilizer to prevent drain-down of the asphalt binder during 
construction. The Cellulose Oil Palm Fiber (COPF) used in this study is a University Putra Malaysia (UPM) 
initiated technology product (Muniandy, 2004). 
  
Mineral Filler: 
 Four filler types namely Limestone Dust (LSD), Ceramic Waste Dust (CWD), Coal Fly Ash (CFA), and 
Steel Slag Dust (SSD). The filler content of 10% by total weight of aggregate with three particle size 
proportions; (100 passing 75µm, 50/50 passing 75/20 µm, and 100 passing 20 µm) were evaluated for direct 
comparison in this study. Fillers were crushed and ground to pass the standard sieve size 0.075 mm and 0.02 
mm. 
 
Microstructure Investigation: 
 Standard methods were used for the determination of the physical and chemical characteristics of the 
industrial and by-product waste samples. The Scanning Electronic Microscope (SEM) is used to inspect and 
observe the microstructure and the geometric characteristics of the filler particles. The chemical compositions of 
all the four types of fillers were analyzed quantitatively by using Energy Dispersive Analysis X-ray (EDX). 
 
Preparation of Filler-Asphalt Mastics: 
 In order to better understand the properties of asphalt mixtures, many researchers have used intermediate 
materials such mastics, i.e. blends of only bitumen and filler, as model system. The idea behind this research is 
that the material gluing together the aggregates inside the mixture is not the bitumen but the bitumen blended 
with the finest elements of the mineral skeleton, i.e. the filler. The twelve mastics were prepared by blending 
each filler with the asphalt using the filler to asphalt ratio by weight at the optimum asphalt content (OAC) for 
each mixture as shown in Table 1.  A mechanical mixer module IKA Labortechnik, RW 20 DZM.n was used to 
blend the filler and asphalt binder at established mixing temperatures of 160°C. The appropriate mixing 
temperatures were determined following AASHTO T316 using the rotational viscometer. The mixing process 
was carefully performed to break down chunks of filler and to improve homogenous dispersion. An "X" shaped 
propeller was used to stir the filler-asphalt mastic and the mixing temperature was kept constant to produce 
homogeneous mixtures during the mixing process. 
 
Table 1: Filler to asphalt ratio for the twelve asphalt-filler mastics. 

Filler type Mastic type OAC (%) F/A ratio Weight of  filler (g) Weight of asphalt (g) 
 

Limestone 
 

L100/0 5.81 1.62 500 308.6 
L50/50 5.89 1.59 500 314.5 
L0/100 5.91 1.58 500 316.5 

 
Ceramic waste 

 

C100/0 5.76 1.63 500 306.7 
C50/50 5.80 1.62 500 308.6 
C0/100 5.87 1.60 500 312.5 

 
Coal fly ash 

 

F100/0 5.64 1.67 500 299.4 
F50/50 5.66 1.66 500 301.2 
F0/100 5.78 1.62 500 308.6 

 
Steel slag 

 

S100/0 5.84 1.64 500 304.9 
S50/50 5.87 1.61 500 310.6 
S0/100 6.09 1.54 500 324.7 

 
Marshall Mix Design: 
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 The Marshall Mix Design procedure (ASTM D 1559) was followed in performing the mix design to be 
used. The optimum asphalt content for SMA mixtures is usually selected to produce 4% air voids and drain 
down of less than 0.3%. The mixing and compaction temperatures were obtained from viscosity-temperature 
relationships developed for neat asphalt corresponding to mixing and compaction viscosities of 0.17±0.02 and 
0.28±.03 Pascal second (Pa.s) respectively.  
 
Resilient Modulus: 
 Resilient modulus is a relative measure of mixture stiffness and load distribution ability; higher resilient 
modulus values lead to stiffer mixtures with higher load distribution ability. The Resilient Modulus was 
determined from tests on cylindrical specimens for each mixture at designed bitumen contents in the indirect 
tension mode. The frequency of load application used was 1 Hz, with load duration of 0.1 second to represent 
field conditions and a resting period of 0.9 second. Constant test temperature was maintained using an 
environmental air chamber. Each specimen was placed inside the chamber at the set temperature for two hours 
before testing. The test was carried out at temperature of 25 ºC using Material Testing Apparatus (MATTA) in 
accordance with ASTM D 4123.  

RESULTS AND DISCUSSION 
 
Aggregate Physical Properties Results: 
 The results of aggregate physical properties are shown in Table2. The aggregate particle size distribution is 
shown in Figure 1. 
 
Table 2: Aggregate physical properties test results. 

Test Standard used Results 
Los angeles abrasion (%) ASTM C 131 22.3 
Aggregate impact value BS 812: Part 3 7.84% 

Flakiness index ASTM D 4791, BS 812 14.89% 
Elongation index ASTM D 4791, BS 812 1.55% 

Coarse aggregate angularity 
One or more fractured face 
Two or more fractured face 

ASTM D5821  
97% 
93% 

Fine aggregate angularity, air voids %  (loose) ASTM C1252 53% 
Water absorption (%) AASHTO T 85 0.5 

Specific gravity of coarse aggregate ASTM C 127 2.63 
Specific gravity of fine aggregate ASTM C 128 2.58 

 

 
Fig. 1: Aggregate particle size distribution.  
 
Asphalt Properties Result: 
 The bitumen used in this research is 80/100 penetration, having a specific gravity of 1.03 gm/cm3  and it's 
basic properties as shown in Table 3. 
 
Fiber Properties Result: 
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 The results of particle size distribution of cellulose oil palm fiber are presented in Table 4 and depicted in 
Figure 2. The finer the fiber the better disperses in the mixture. As show in Table 4 the percentage passing the 
125 micron sieve is 36 % which is good enough to make sure of a suitable dispersion. 
 
 
Table 3: Asphalt binder physical properties test results. 

Test Measured Value Standard used 
Penetration (0.1mm), 100g, 5 s, 25°C 84 ASTM D 5-86 
Softening point (°C) 48 ASTM D 36 
Viscosity, Pascal second (Pa.s) at 
135°C 
165° C 

 
0.413 
0.100 

ASTM D 2171 

Specific gravity at 25°C 1.03 ASTM D 70 

 
Table 4: Particle size distribution of cellulose oil palm fiber. 

Sieve size (µm) 500 400 250 160 125 pan sum 
Weight of fiber retained (g) 3.30 4.92 3.59 4.88 2.51 10.80 30.00 
Weight of fiber passing (g) 26.70 21.78 18.19 13.31 10.80 0.00  

Percent of fiber passing 89.00 72.60 60.63 44.37 36.00 0.00  

 

 
 
Fig. 2: Particle Size Distribution of cellulose oil palm fiber. 
 
 The oil retaining ability of the cellulose oil palm fibers (COPF) were determined using Dr. Schellenberg’s 
drain down motor oil test to ensure that the mix does not lose its cementing mortar. Table 5 show the results of 
the oil retaining properties of cellulose oil palm fiber and the oil drain down was recorded against time as shown 
in Figure 3. The weight of drained out of cellulose fiber is about 67.8 gram. The maximum allowable value for 
any suitable fiber is 180.0 gram. From Figure 3 the COPF fiber settled within 60 seconds and the draining down 
shows similar trend and the graph became horizontal without any considerable changes. 
 
Table 5: Results of oil retaining of COPE.  

Specimen Cellulose oil palm Fiber 
Weight of pan (g) 264.6 

Weight of pan + Drained  of Motor Oil (g) 332.4 
Weight of Motor Oil (g) 67.8 
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Fig. 3: Weight of drain-down oil vs. time for cellulose oil palm fiber. 
Fillers Physical Properties Result: 
 The key physical characteristics of the mineral fillers including gradation, specific gravity, moisture 
content, solubility, pH value, Fineness Modulus, Coefficient of Uniformity, Plasticity index, grain size, and 
particle shape were determined. The gradation of the four fillers are very similar as shown in Figure 4 , al1 
narrowly distributed and, hence, useful for model studies on the effect of particle size and they were well-graded 
from 75 to 10 micron. The coal fly ash is considerably finer than the limestone, ceramic waste, and steel slag 
dusts (The smaller the value of fineness modulus the fine the material is). The fly ash dust and limestone 
contains about 7% of particles smaller than 20 µm, while the other fillers contain about 3 to 6% 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%. According to the specifications requirements for mineral 
filler to be used in Asphalt Pavement, all materials would pass both AASHTO M17-83 and ASTM D 242-85 
grading requirements. 
 

 
Fig. 4: Mineral fillers particle size distribution. 
 
 Test results shown in Table 6 indicated that steel slag exhibits higher specific gravity, lower solubility value 
than the control filler. The specific gravity of the fine particle size sample of the four mineral fillers is slightly 
higher than the coarse particle size sample which indicates that for an equivalent mass of mineral filler, the fine 
particle size sample of mineral filler will occupy a slightly higher volumetric proportion in an SMA mixture. 
Although the four fillers have different finenesses, they have almost the same pH value.  
 From Table 5 it appears that all fillers showed high pH values, this mean they are basic or alkaline and 
indicated that these filler 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 interaction between the filler and asphalt 
binder. Also high pH value makes elements which provided the strength for the fillers such iron zinc and 
manganese less soluble. 
 
Table 6: Physical analysis of mineral fillers. 
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Material Properties 

 

Results 
Limestone 

(LSD) 
Ceramic Waste 

(CWD) 
Coal Fly ash (CFA) Steel Slag (SSD) 

Moisture content, % 0.06 0.41 0.13 0.02 
Specific gravity (75µm) 2.55 2.39 2.63 3.40 

Specific gravity (combined) 2.59 2.424 2.645 3.463 
Specific gravity (< 20µm) 2.62 2.45 2.66 3.531 
Fineness Modulus (FM) 1.443 1.659 1.267 1.809 

D10, µm 0.86 0.88 0.79 0.94 
D 60, µm 1.90 2.05 1.99 2.12 

Coefficient of Uniformity 2.21 2.33 2.52 2.26 
Average grain size, micron (SEM image) 17.58 27.35 27.36 51.64 

Particle shape (SEM image) flaky flaky spherical irregular 
Surface texture (SEM image) Rough Rough Rough Rough 

% Insoluble 99.80 99.69 99.15 99.94 
% Soluble 0.20 0.30 0.85 0.06 

pH – value @ 27ºC 9.82 9.26 10.86 9.25 
Plasticity index NP NP NP NP* 

*NP = None Plastic 

Filler Structural and Surface Morphology Analysis Result:  
 The samples were extensively viewed, and then representative photographs were taken as shown in Figure 
5. Morphology of fillers SEM examinations indicated that the limestone and ceramic waste has relatively flat 
and flaky surfaces and flaky particles, where as coal fly ash consist mainly of spherical particles and tends to be 
present in agglomerates with a broad particle size range, these small glass spheres improve the fluidity and 
workability of asphalt mixture. Figures 5 showed the geometric irregularity in surface texture and the non-
spherical shape of limestone, ceramic waste, and steel slag particles except coal fly ash which has spherical 
shape and the analysis indicates that, the steel slag filler consist mainly of irregular particle shape and also has 
an angular particles shape with sharp edges which provides high internal friction and a good interlocking 
mechanism which make an excellent bond with asphalt binder.  It can be noticed that fly ash and steel slag 
particles have a clean surface, whereas there are deposits of various condensates, such as alkalis and sulphates, 
on the surface of limestone and ceramic waste particles. In term of the morphology; limestone and ceramic 
waste shows different texture and morphology from the coal fly ash and steel slag. 
  

 
Fig. 5: (a) Fly ash particles at 1,000 x magnifications  (b) Limestone dust at 500 x magnifications (c) Ceramic 

waste dust at 500x magnification, and (d) Steel slag at 50 x magnifications. 
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 The softening point was used to evaluate high temperature properties of neat asphalt binder and mastics 
using the ring-and ball apparatus ASTM D36. The stiffening power is used in Germany to qualify mineral fillers 
for use in pavements. The German use a range in stiffening power for acceptable mineral fillers of 10°C to 20°C 
(Harris et. al., 1998). Mastics that exceed 20°C would be considered too stiff and the mineral fillers would be 
disqualified to avoid placing crack susceptible pavements. Mastics that test below 10°C would not be stiffened 
enough; these would be susceptible to excessive drain-down, bleeding, shoving, and rutting.  
       The ceramic waste mastics had the highest stiffening power (stiffest mastics), limestone ranked second, 
steel slag third, and coal fly ash had the least regardless filler particle size. On the other hand, a general trend 
was observed that, the coarse filler particle size mastics showed the stiffest mastics regardless filler type. Figure 
7 showed that, the softening point increased with the increase in particle size. The coarser the particle size the 
higher the softening point was. 
 
Determination of Mixing and Compaction Temperature: 
       The viscosity of neat un-aged asphalt binder was determined at temperature of 135°C and 165°C using 
Brookfield Rotational Viscometer (RV) and viscosity-temperature relationships was developed for neat asphalt. 
Mixing and compaction temperatures were selected corresponding with binder viscosity values of 0.17±0.02 
Pa.s and 0.28±0.03 Pa.s respectively. Thus the mixing and compaction temperatures were observed to be 160 
and 140°C respectively as shown in Figure 8. 
 

 
 
Fig. 8: Viscosity–Temperature relationships for asphalt binder. 
 
Determination of Optimum Asphalt Content: 
 Optimum asphalt content was calculated as per Asphalt Institute method by taking the average asphalt 
content corresponding to 4 percent air voids, maximum stability, and maximum bulk density and checked for 
other parameters (Asphalt Institute, 1993). The optimum asphalt content obtained for limestone, ceramic waste, 
coal fly ash, and steel slag mixtures were (5.81, 5.89, 5.91%), (5.76, 5.80, 587.), (5.64, 5.66, 5. 78), and (5.84, 
5.87, 6.09) by weight of mixture respectively. The optimum asphalt content obtained for particle size smaller 
than 20 micron for all fillers is higher than that obtained for particle size smaller than 75 micron which indicates 
that the optimum asphalt content increases as the particle size decreases. On the other hand, the fly ash showed 
the lowest OAC regardless particle size as shown in Figure 9. 
 

   
Fig. 9:  (a) Asphalt Content vs filler type and size          (b) Stability vs filler type and size 
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Marshall Stability and Flow Test Results: 
 Marshall Stability and Flow tests were carried out on compacted specimens at various asphalt cement 
contents based on ASTM D1559. Figure 9(b) indicates that the Marshall Stability of mixtures prepared with 
steel slag filler with proportion 100/0, 50/50, and 0/100 were 9.81, 9.52 and 9.32 kN, respectively. 
Corresponding flow values were 3.42, 3.47 and 3.58 mm as depicted in Figure 9(b). This shows that the steel 
slag filler had the highest Stability and the lowest Flow, though it is within the permissible limit of 2–4 mm. The 
other mixtures had approximately equal Stability and Flow values. In terms of filler particle size Stability 
showed variation behavior, the Stability decreases up to 50/50 proportion then start to increase for ceramic 
waste, for fly ash stability increased as particle size decreases, for limestone Stability increased up to 50/50 
proportion then start to decrease as the particle size decreases while for steel slag the Stability continue 
decreasing as particle size decreases.   
 One property that is sometimes used to characterize asphalt mixtures is the Marshall Stiffness Index or 
Marshall Quotient (MQ) (Roberts et. al., 1996) which is the Marshall Stability divided by Flow. This is an 
empirical stiffness value and is used to evaluate the quality of asphalt mixtures. Marshall Quotient (kN/mm) can 
be used as a measure of the material’s resistance to permanent deformation in service. A higher value of (MQ) 
indicates a stiffer mixture and, hence, indicates that the mixture is likely more resistant to permanent 
deformation.  As shown in Figure 10 the Marshall Quotient for ceramic waste and steel slag filler mixtures were 
higher than the Marshall Quotient of the reference filler which indicates a stiffer mixture and, hence, indicates 
that the mixture is likely more resistant to permanent deformation., while the Marshall Quotient values of coal 
fly ash mixtures were lower than the reference filler regardless filler particle size. In terms of filler particle size, 
the Marshall Quotient values decreases by decreasing filler particle size for all the mixtures. 
 

 
                                                    (a)                                                                                 (b) 
Fig. 10: (a) MQ vs. filler type and (b) Resilient modulus vs. filler type. 
 
Indirect Tensile Stiffness Modulus (ITSM) Test Result: 
 Resilient modulus (RM) is a relative measure of mixture stiffness and load distribution ability; higher 
resilient modulus values lead to stiffer mixtures with higher load distribution ability. The RM was determined 
from tests on cylindrical specimens for each mixture at designed bitumen contents in the indirect tension mode. 
Results of resilient modulus test in Mega Pascal (MPa) are presented in Figure 10(b) for direct comparison 
between the three different fillers mixtures and the reference mixture of limestone filler. Figure 10(b) showed 
that the resilient modulus values of mixtures containing ceramic waste are higher while the resilient modulus 
values of paving mixtures containing coal fly ash and steel slag filler are slightly lower regardless the filler 
particle size as compared to paving mixtures of limestone filler. A general trend was observed; regardless the 
filler type the resilient modulus of SMA mixtures increases up to 50/50 filler proportion and start to decrease as 
filler particle size decreases. 
 
Conclusions: 
 The main objective of this study was to facilitate decisions concerning the effectiveness of using new filler 
types with different particle size obtained from by-product wastes to improve the engineering properties of 
paving mixtures to enhance pavement performance. The reported improvement in the engineering properties of 
the paving mixtures containing ceramic waste, coal fly ash, and steel slag can be attributed to the bonding and 
cementations properties of the fillers. This tends to increase the viscosity of the filler-asphalt mastic and the 
particles texture of the fillers which tends to increase the frictional resistance among the aggregate particles and 
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increase the stability of the mix. From the investigation reported in this study, using different types of fillers 
with different particle size, the following conclusions can be summarized as follow: 
 Filler type and particle size plays an important role on the engineering properties of the asphalt mixtures. 
 The filler component, in addition to filling the voids, interacts with the binder present in the mix making it 
stiff and brittle. The change in mix properties is very much related to the properties of the filler. 
 The major finding of this study, is that ceramic waste and steel slag as a filler were found to be effective in 
improving the Marshall Stability, Resilient Modulus, and Marshall Stiffness Index or Marshall Quotient (MQ) 
as compared to limestone filler. Coal Fly Ash had the lowest optimum asphalt content. On the other hand, it had 
little improvement in Marshall Stability and the Resilient Modulus value compared to the reference filler.  
 In this study; a general trend was observed that, the properties of the asphalt-filler mastics and SMA 
mixtures increased by increases the filler particle size at a given asphalt/filler ratio regardless filler type. 
 The results of the laboratory tests on the ceramic waste and steel slag fillers were found to improve the 
overall mixture properties. The use of these special filler improves the pavement performance, thus reducing the 
maintenance and rehabilitation cost of the pavement. 
 It can be concluded that utilization of industrial and by-product wastes in SMA results in the improvement 
of the engineering properties and reduction in the optimum asphalt content. The reduction in optimum asphalt 
content results in significant cost saving. 
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