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Abstract: Moisture damage is one of the common distresses found in asphalt pavements and moisture
sensitivity in asphalt concrete mixtures is often associated with high concentrations of fine aggregate
particles. Fines in asphalt pavements can have a detrimental impact on asphalt mixtures because of
their impact on mixture stiffness, air voids content, and moisture sensitivity. This study aims to
evaluate and to examine the moisture susceptibility behavior of the laboratory performance-based
properties of Stone Mastics Asphalt (SMA) mixtures using four different mineral fillers (limestone as
reference, ceramic waste, coal fly ash, and steel slag). The selected fraction of mineral filler was
blended in three different proportions 100/0, 50/50, and 0/100 passing the 75 and 20 micron to
determine the effects of these fillers and particle size on the SMA mixture properties such as Stiffness,
Retained Marshall Stability (RMS), and Moisture Susceptibility. The coarse aggregate and Fine
aggregate fractions were kept constant throughout the study and the binder content of each aggregate
mix was optimized using the Marshall Mix Design Method. The results of the study showed that the
SMA mixtures are not prone to moisture damage and the uses of these fillers are very effective in
improving Marshall Stability, Stiffness Modulus (Sm), and Tensile Strength Ratio (TSR) values.
Specimens containing ceramic waste with a filler ratio of 50/50, have the highest stiffness modulus
which is 1.03 times higher than those of the reference mixture and on the other hand , coal fly ash
and steel slag with a 50/50 filler ratio showed  slight reduction in stiffness modulus compared to the
reference mixture. Specimens containing ceramic waste with a filler ratio of 0/100 showed the least
reduction in tensile strength ratio and Retained Marshall Stability while steel slag and coal fly ash
maintaining more than 85 and 80 percent Tensile Strength Ratio, 85 and 70 percent retained Marshall
Stability respectively.
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INTRODUCTION

Since Malaysia is located in the tropical region with substantial rainfall, the moisture damage in the hot
mix asphalt pavement is considered as one of the major pavement deteriorations in Malaysia. Therefore the
mixture’s resistance to moisture damage directly impacts the life of the paving mixture. Using high percentage
of fines in the mix causes adhesion to become even more critical as the paving mixture is exposed to moisture.

Moisture damage one of the main distresses in asphalt mixtures and can manifest in the hot mix asphalt
pavements in the form of stripping and/or softening of asphalt and can be defined as the loss of strength and
durability in asphalt mixtures due to the effects of moisture. Moisture damage can occur due to the fact that
moisture permeates and weakens the mastic, making it more susceptible to moisture during cyclic loading. As
such it results in loss of stability, strength, stiffness, durability, bearing capacity failure, and rutting of asphalt
pavement. This is because of loss of bond between the asphalt cement or the mastic (asphalt cement plus the
mineral filler -75 microns) and the fine and coarse aggregate.  

It has long been recognized that filler plays a major role in the behavior of the asphalt mixtures. The
importance of fillers in asphalt mixtures has been studied extensively by Anderson and Goetz, 1973; Harris
and Stuart, 1995; Kavussi and Hicks, 1997; Cooley et al., 1998; and several studies conducted in Germany,
Japan and the United States have revealed that an asphalt paving mixture can be vulnerable to water when
certain fines are used as mineral filler (Kandahl, 1981; Eick and Shook, 1978).
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The quality of mastics, the combination of asphalt binder and filler, influences the overall mechanical
performance of asphalt mixtures as well as placement workability. Generally the effect of the filler is based
on a volumetric filler effect or an interactive role between the filler and the bitumen due to the fineness and
surface characteristics of the filler. 

In this study, the mix resistance to moisture damage and the characteristics of stone mastic asphalt
mixtures was evaluated by measuring fundamental mechanical material properties by performing moisture
induced damage, stability, and indirect tensile stiffness modulus tests on cylindrical SMA asphalt mixtures.
Four fillers types namely, Limestone Dust (LSD) (the common filler used in the asphalt pavements in
Malaysia), Ceramic Waste Dust (CWD), Coal Fly Ash (CFA), and Steel Slag Dust (SSD) with three different
particle size combinations (100/0, 50/50 and 0/100) passing the (75/20 micron) sieves were mixed with asphalt
cement to form the asphalt binder. By performing the mechanical analyses based on the test data, the effect
of the filler type and particle size on moisture induced damage was assessed. 

Objective and Scope:
The main objective of the study presented in this paper was to determine the effects of filler type and

particle size on the moisture susceptibility of Stone Mastic Asphalt (SMA) mixtures. Tensile strength and
retained Marshall Stability of each mixture was measured and was compared to the reference mix (Limestone)
and the effects of each mixture parameter were investigated. 

MATERIALS AND METHODS

To satisfy the objective of this study, the SMA specimens were prepared at optimum asphalt content
(OAC). Granite aggregate, asphalt with 80/100 penetration, cellulose oil palm fiber (COPF), and four types
of fillers namely, Limestone Dust as reference filler, Ceramic Waste Dust, Coal Fly Ash, and Steel Slag Dust
with three particle size combinations 100/0, 50/50, and 0/100 passing the 75/20 micron sieve were used in
preparing SMA specimens. Each mix was evaluated for stone-to-stone contact in SMA mixture, Volumetric
Properties, Retained Stability, Stability Loss, Indirect Tensile Stiffness Modulus (ITSM), Tensile Strength, and
Moisture Susceptibility tests. The Tensile strength tests was carried out in accordance with ASTM D 4867,
the Tensile Strength Ratio (TSR) was done using the Modified Lottman test (AASHTO T 283) and the retained
stability was performed on the prepared Marshall cylindrical specimens (101.6 x 63.4 mm) to evaluate the
effect of filler type and particle size on the moisture susceptibility of SMA mixtures. 

Bitumen:
The traditional 80/100 penetration bitumen was used in this study. The physical properties of the bitumen

are presented in Table 1.

Table 1: Physical properties of bitumen
Parameter measured Test method Value
Specific gravity at 25°C, (g/cm³) AASHTO T228 1.03
Penetration at 25°C, (0.1mm), 100 g, 5s AASHTO T49 84
Softening point (R&B), °C AASHTO T53 48
Viscosity at 135°C, (centistokes) AASHTO T201 413
Viscosity at 165°C, (centistokes) AASHTO T201 100
Ductility at 25°C,  (cm) AASHTO T51 >100

Aggregates:
Crushed granite aggregate was used in this study. One aggregate gradation was chosen such that it was

within the master gradation band for a 12.5 mm Nominal Maximum Aggregate Size (NMAS) SMA. The
crushed granite aggregate was blended to meet the gradation recommended by the National Asphalt Pavement
Association (NAPA).  Table 2 shows the properties of the coarse and fine aggregate. 
It was necessary to remove the aggregate’s filler fraction. Therefore, all the aggregates were sieved down to
the 0.150 mm sieve and washed to remove all material finer than 0.150 mm size (0.150 mm was the maximum
size of the mineral fillers). The aggregates were then blended and the fillers were then added to the blend. The
gradation, together with the corresponding mix designations are given in Table 3 and the resultant particle size
distribution for SMA Mixture together with NAPA specification limits are shown in Figure1.
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Table 2: Properties of coarse and fine aggregate
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 Superpave Mix Design
One or more fractured face 97%
Two or more fractured face 93%
Fine aggregate Angularity, Air voids %  (loose) Superpave Mix Design 53%
Water absorption (%) AASHTO T 85 0.5
Specific Gravity of Coarse Aggregate ASTM C 127 2.62
Specific Gravity of Fine Aggregate ASTM C 128 2.58

Table 3: Aggregate gradation
Sieve size (mm) 19.00 12.5 9.50 4.75 2.36 0.60 0.30 0.075
% passing 100 85-95 Max. 75 20-28 16-24 12-16 12-15 8 -10
% used 100 90 70 24 20 14 13 10

Fig. 1: Aggregate gradation curve of SMA mixture by the NMAS 12.5 mm

Filler:
In this study four fillers namely Limestone, Ceramic Waste, Coal Fly Ash, and Steel Slag with particle

size proportion (passing 75μm / passing 20 μm)  with three combination of filler 100/0, 50/50, and 0/100 were
evaluated for direct comparison. Table 4 presents the physical properties of the fillers used.

Table 4: Mineral Fillers Physical properties
Properties Results

-----------------------------------------------------------------------------------------------------------------------
LSD CWD CFA SSD

Specific Gravity 2.55 2.39 2.63 3.40
% Insoluble 99.80 99.69 99.15 99.94
PH – Value @ 27ºC 9.82 9.26 10.86 9.25
Plasticity Index NP    NP NP NP

Fillers were crushed and ground to pass the standard sieve size 0.075 mm and 0.02 mm. The particle size
distributions of the fillers were shown in Table 5 and Figure 2 respectively [1].

Table 5: Mineral Filler Particle Size Distribution
Sieve  size (mm) % Passing Coal % Passing % Passing Ceramic % Passing Steel

Fly Ash (CFA) Lime Stone (LSD) Waste Dust (CWD) Slag Dust (SSD)
0.600 100 100 100 100
0.300 99.53 95.80 92.46 89.23
0.075 92.20 84.56 76.86 71.54
0.053 74.85 68.63 59.79 54.46
0.020 6.70 6.74 4.92 3.82
0.010 0 0 0 0

Fiber:
The Cellulose Oil Palm Fiber (COPF) at a dosage of 0.3% of the total weight of aggregate was used in

this study. The (COPF) is a University Putra Malaysia (UPM) initiated technology product.
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Fig. 2: Mineral Fillers Particle Size Distribution

Experimental Program:
Mixture Design:

The mix design was performed by using the optimum asphalt content (which already determined in earlier
stage) by the total weight of the mix.  The mixtures were designed in accordance to the design procedure
outlined by the “Standard Practice for Designing Stone Mastic Asphalt (SMA)”. These standards ensure that
sufficient Voids in Mineral Aggregate (VMA), Voids in the Coarse Aggregate (VCA), and air voids exist in
the mixture. It also ensures that an aggregate skeleton with stone-on-stone contact is produced. The design was
accomplished for a 12.5 mm nominal maximum aggregate size (NMAS) SMA.

The proportions of coarse aggregate, fine aggregate and filler used in this study and required to produce
size distributions within the specifications given in National Asphalt Pavement Association (NAPA), Quality
Improvement Series 122, ”Designing and Constructing SMA Mixtures – State-of-the-Practice”,  were:

Coarse aggregate :  Fine aggregate :  Filler
 71%             :     14%         :  10%

The filler particle size combinations (passing 75/20 micron) were mixed at three different ratios, 100/0,
50/50, and 0/100, twelve mix designs were made with the same blend of coarse and fine aggregates to keep
aggregate angularities and mineralogical characteristics constant. The only variable in the mixtures was the
filler type and the filler proportion. Specimens were prepared using 0.3 percent Cellulose Palm Oil Fiber
(CPOF).  The twelve mix designs labeled, L1=LSD100/0, L2=LSD50/50, L3=LSD0/100, C1=CWD 100/0,
C2=CWD 50/50, C3=CWD0/100, F1=CFA100/0, F2=CFA50/50, F3=CFA0/100, and S1=SSD100/0,
S2=SSD50/50, S3=SSD0/100 represent four types of filler and three combinations of particle size to produce
SMA mixes at established mixing and compacting temperatures using Marshall Mix Design procedure to
sustain medium traffic using 50 blows. 

In this study twelve specimens were prepared at each optimum asphalt content, a total of 144 specimens
were prepared to evaluate the effects of the added filler type and particle size on the retained Marshall
Stability, Stiffness, and Moisture Susceptibility of SMA mixtures. 

Evaluation of Stone-on-Stone Contact in SMA Mix:
SMA aggregate gradation is gap-graded. The gradation of the blended aggregate should comply with the

gradation specified to provide an aggregate skeleton with stone-on-stone contact, and furnish a mixture that
meets or exceeds the minimum Voids in Mineral Aggregate (VMA) requirement.

Calculation of Voids in Coarse Aggregate-Dry-Rodded Condition:
Voids in Mineral Aggregates (VMA) and Voids in Coarse Aggregate-Dry-Rodded Condition (VCADRC)

were calculated for the compacted samples according to AASHTO T 19. To measure the VCA with no fine
aggregates, the coarse aggregate was placed in a container and dry rodded to maximum density in accordance
with AASHTO T 19/ASTM C29. The aggregates were rodded when the container was filled to one-third, two-
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third and full. The VCA in the dry rodded condition represents the condition at which stone-to-stone contact
exists [2]. Since the assurance of an adequate aggregate skeleton through stone-on-stone contact is vital,
determining the VCA of the coarse aggregate fraction has been established by Brown et. Al and can be
calculated using the following equation:

                    (1)CA W S
DRC

CA W

GVCA G
� �

�
� ��
� ��
� �
	 


Where,
VCADRC = voids in the coarse aggregate in the dry-rodded condition
�s= unit weight of the coarse aggregate fraction in the dry-rodded condition (kg/m3)
�w= unit weight of water (998 kg/m3), and
Gca= combined bulk specific gravity of the coarse aggregate

VCA Calculation for the Compact SMA Specimens:
The bulk specific gravities (Gmb) of compacted specimens were then determined according to AASHTO

T166. Also, for the each blend the maximum theoretical density (Gmm) was determined for one sample
according to AASHTO T 209. The air voids, VMA, and VCA were then determined. 

                    (2)100 ( )mb
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The percent aggregate by total mixture weight retained on 4.75 mm sieve, was calculated using the
following equation:

PCA = (PS) (PAbp) 100                     (3)

Where,
PCA = percent aggregate by total mixture weight retained on the 4.75 mm sieve,
PS = percent aggregate in the mixture expressed as a decimal,
PAbp = percent aggregate by total aggregate weight retained on the 4.75 mm sieve, expressed as a decimal.

Indirect Tensile Stiffness Modulus (ITSM) Test:
 Stiffness modulus (Sm) is considered to be a very important performance characteristic of the asphalt

concrete, road-base and base-course layers. The repeated load ITSM test which is defined by BS DD 213 is
a nondestructive test and has been identified as a potential means of measuring the stiffness properties and
study effects of temperature and load rate. Under uniaxial loading the stiffness modulus is generally defined
as the ratio between the maximum stress and the maximum strain[3,4].
The ITSM (Sm) in MPa is calculated by the following equation:

                     (4)
( 0.27)

m
t

LS
D

� �
�

Where L is the peak value of the applied vertical load (N), D is the mean amplitude of the horizontal
deformation obtained from 5 applications of the load pulse (mm), t is the mean thickness of the test specimen
(mm), and v is the Poisson’s ratio (a value of 0.35 is normally used). The magnitude of the applied force
conditioning pulses such that the specified target transient diametral deformation was achieved. The test is
normally performed at 20 °C, however in this study, a testing temperature was chosen as 25°C.

Stability Loss:
The specimens were separated into two sets; each consists of 36 specimens and the average specific

gravity of the specimens of each set is approximately equal. The first set of specimens was immersed in water
bath at 60°C for 30 minutes and then loaded to failure along the vertical axis of the specimen at a constant
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rate of 50.8 mm/min. using the Marshall Apparatus, where the initial stability was determined. The second set
of specimens were place in a water bath at 60°C for 24 hours, and then the same load as described above was
applied. Then the conditioned stability was determined, the difference in Stability of bituminous specimens
subjected to the conditioning process for 30 minutes at 60°C to identical specimens after wet conditioning for
24 hour at 60°C is known as the Marshall Stability Loss (SL), 
The Stability Loss, SL, is defined as: 

SL = Initial Stability (S1) – Conditioned Stability (S2)                                     
Where 
S1 = Initial Stability of 30 minutes conditioned sample, KN
S2 = Conditioned Stability of 24-hour soaked sample, KN
And the percent stability loss, % SL, is defined as:

% SL =    Stability (SL)                       (5)
     Initial Stability (SI)

Moisture Susceptibility Test:
Moisture induced damage of asphalt mixtures occurs when moisture causes a loss of bond between the

aggregate and the asphalt binder (Kandhal, 1992; Kennedy et al.,1982) [4].The moisture damage may reduce
the internal strength of asphalt mixtures and pavement design life dramatically. The tensile strength test was
used in accordance to ASTM D 4867 to determine whether the mineral fillers and the particle size had any
effect on the moisture susceptibilities of the mixtures [5].

Tensile Strength Test (TST):
The TST test was conducted in accordance with AASHTO T 283/ ASTM D 4867, a standard test method

[6, 7] to measure the resistance of compacted bituminous mixtures to moisture induced damage. In this test,
cylindrical specimens (101.6 x 63.4 mm) were subjected to compressive loads, which acts parallel to the
vertical diametral plane by using the Marshall loading equipment at a loading rate of 50.8 mm/min until
failure. This type of loading produces a relatively uniform tensile stresses, which act perpendicular to the
applied load plane, and the specimen usually fails by splitting along with the loaded plane. Based on the
maximum load carried by a specimen at failure, the tensile strength (TS) in kPa is calculated using the
following equation, 

TC = 2 P                     (6)
  �DT

Where, P is the peak value of the applied vertical load (KN); T is the mean thickness of the test specimen
(m); and D is the specimen diameter (m).

The effects of the filler type and particle size on the moisture-induced damage of SMA Mixtures were
evaluated. The specimens were separated into two groups; each consists of 36 specimens and the average
specific gravity of the specimens of each group is approximately equal. A total of 72 specimens were prepared
for tensile strength test. Three unconditioned (dry) and three conditioned (wet) specimens were tested in each
group of mixtures. The wet specimens were vacuum-saturated with distilled water so that 50 to 80% of their
air voids were filled with water. The percent swell for each mixture was also measured (This is the average
change in the volumes of the specimens due to moisture conditioning. A high degree of swell indicates internal
damage), and then followed by soaking in 60° C water bath for 24 hours. At the end of soaking in water the
specimens were placed in water bath for 1 hour at 25 °C to allow thermal equilibration prior to being subjected
to failure. 

The compressive load was applied through two loading strips. The maximum indirect tensile force was
recorded and the corresponding Indirect Tensile (IDT) Strength of the asphalt mixture was determined. The
Tensile Strength Ratio (TSR), a ratio of the IDT strength of conditioned specimens to the IDT strength of
unconditioned specimens, was calculated and used as a moisture susceptibility index of asphalt mixtures. The
freeze/thaw cycle, which is optional in T-283, is not used in this study.

The dry specimens were only placed in a water bath for 20 minutes at 25° C before subjected to failure.
The (TSR) was calculated using the following equation:
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                    (7).( )100cond

uncond

TSTSR
TS

�

Where, 
TScond. is the tensile strength of wet specimens and TSuncond. is the tensile strength of dry specimens. 

A TSR value below 80 percent is suggested criteria for considering a mixture susceptible to moisture
susceptibility. Swells equal to or greater than 1 percent was used as indicators of high internal damage,
although a reliable limit on the percent swell has not been established.

RESULTS AND DISCUSSIONS

Material Testing:
The aggregates, mineral fillers, asphalt binder, and cellulose fiber were tested for compliance with the

applicable specifications in the “Standard Specification for Designing Stone Mastic Asphalt”. All materials were
found suitable for use in SMA as provided earlier in this study.

Evaluation of Stone-on-Stone Contact in SMA Mix:
The determination of Voids in the Coarse Aggregate, Dry Rodded Condition (VCADRC) for the chosen

blend was determined for the coarse aggregate fraction according to AASHTO T 19. Since the gradation was
a 12.5 mm NMAS, the VCADRC was determined for the fraction coarse retained on the 4.75 mm sieve. 
The results of volumetric properties were determined during mix design stage (determination of OAC) are
presented in Table 6.

Table 6: Volumetric Properties Results 
Mix Property

----------------------------------------------------------------------------------------------------------------------------------------
OAC Gmb Gmm VTM% VMA% VCAMIX%

L1 5.81 2.316 2.402 3.51 16.47 36.73
L2 5.89 2.304 2.399 3.92 16.93 37.11
L3 5.91 2.314 2.398 3.42 16.63 36.84
C1 5.87 2.309 2.387 3.12 16.23 36.95
C2 5.80 2.311 2.389 3.08 16.03 36.85
C3 5.76 2.316 2.391 3.24 15.87 36.69
F1 5.78 2.316 2.409 3.96 16.68 36.70
F2 5.66 2.333 2.414 3.49 16.06 36.16
F3 5.64 2.338 2.414 3.12 15.85 36.01
S1 5.84 2.372 2.446 3.30 16.67 35.21
S2 5.87 2.361 2.455 3.77 17.03 35.53
S3 6.09 2.362 2.458 3.37 17.22 35.66

The sample calculations for VCADRC and VCAMIX for blend F3 is shown below: 
Gmb (2.338) is the bulk specific gravity of SMA mixture at optimum asphalt content (5.64 %), �s = 1560

kg/m³, 
Gca = 2.62g/cm³, and �w = 998 kg/m³
Using equations 1, 2, and 3;
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Based on Table 6, the gradation blend met the requirements for VCA (VCAMIX < VCADRC), the VMA
(VMA 16-18%) and air void (VTM 3-5%). Based on the Standard Practice, the minimum asphalt content for
these SMA mixtures is 5.64 percent. This is based on the combined bulk specific gravity of the aggregate of
2.62. Therefore, from the gradation blend, it appears that would be easy to achieve this minimum asphalt
content at the required air void content of 4.0 percent. Thus the gradation used for this study can provide the
required stone skeleton and it is suitable enough.

Indirect Tensile Stiffness Modulus (ITSM) Test Results: 
The ITSM results for the twelve mixtures at 25°C are presented in Table 7 and Figure 3 respectively. 

Table 7: Stiffness modulus Test Results
Mix Type L1 L2 L3 C1 C2 C3 F1 F2 F3 S1 S2 S3
OAC 5.81 5.89 5.91 5.87 5.80 5.76 5.78 5.66 5.64 5.84 5.87 6.09
Sm (Mpa) 3600 3672 3568 3679 3785 3627 3140 3152 3075 3437 3583 3498

Fig. 3: Stiffness Modulus Test Results

It was observed that the Stiffness Modulus (Sm) values of paving mixtures increased when decreasing the
particle size up to 50/50 ratio. Then Stiffness Modulus started to decrease again. It was observed also that the
mixtures containing ceramic waste with 50/50 filler ratio are higher while the Stiffness modulus values of
paving mixtures containing coal fly ash and steel slag with 50/50 filler ratio are slightly lower as compared
to paving mixtures comprising of limestone filler but still within the specification. 

The Filler combination of 50/50 for all types showed better response than other combinations and among
the four types of filler, ceramic waste mixture exhibited superior ITSM values compared to the other types as
depicted in Figure 3. It is also observed that the results of the four types and the three filler ratios specimens
are consistent with a very small variation. This small variation could be due to the small variation in the
percentage of air voids. Based on the ITSM test results the ceramic waste with a combination of 50/50
exhibited the best performance.

Stability Loss Test Results: 
The stability loss for each filler type and particle size at OAC was determined. The results are presented

in Table 8.
The Stability Loss increased when decreasing the particle size up to 50/50 ratio. Then the Stability Loss

start to decrease again for limestone, ceramic waste, and steel slag filler, on the other hand, Stability Loss
decreased when decreasing the particle size up to 50/50 ratio. Then start to increase again for coal fly ash filler
this may be due to the fineness of CFA filler. As shown in Figure 4 among the tested mixtures, C3 mixtures
exhibited the best result compared to the reference filler.

5529



Aust. J. Basic & Appl. Sci., 4(11): 5522-5532, 2010

Table 8: Stability Loss Results
Mix Initial Stability Conditioned Stability Stability % Stability % RMS

(S1)(KN) (S2) (KN) Loss (KN) Loss (S2/S1)
L1 6.53 6.07 0.46 7.04 92.96
L2 5.94 5.15 0.79 13.30 86.70
L3 6.71 6.53 0.18 2.68 97.32
C1 4.98 4.67 0.31 6.22 93.78
C2 4.79 4.29 0.50 10.44 89.56
C3 4.17 3.99 0.18 4.32 95.68
F1 4.44 3.24 1.20 27.03 72.97
F2 4.62 3.41 1.21 26.19 73.81
F3 4.37 3.10 1.27 29.06 70.94
S1 4.05 3.32 0.73 18.02 81.98
S2 4.24 3.41 0.83 19.58 80.42
S3 4.13 3.54 0.59 14.29 85.71

Fig. 4: Stability Loss

Tensile Strength Test Results:
The results of the TSR tests indicate the effects of both filler type and particle size on moisture damage.

The TSR decreased slightly by the decrease of particle size up to 50/50 ratio and then TSR started to increase
again. All the mixes produced percent saturation values greater than 55. The TSR values of between 70 - 80
percent were set as the minimum requirement by AASHTO T 283/ ASTM D 4867 standard. However the
study showed considerably high TSR value for the mixtures which meant less moisture sensitivity. This
indicates that these fillers do not cause a decrease in the strength of the SMA due to the intrusion of water
into the mix and therefore complies with moisture susceptibility requirements.

The filler size combination of 0/100 for all filler types (LSD, CWD, CFA, and SSD) yield greater cohesive
strength and gives the best performance with TSR values 95.16, 94.59, 80.00, and 85.71 percent respectively.
Table 9 and Figure 5 presents the test results for each of the twelve mixes (conditioned and unconditioned)
and the Tensile Strength Ratio (TSR) values for each mix.

Table 9: Tensile Strength Test Results
Mix Unconditioned Conditioned

% TSR % ITS % % TSR%
VTM (Kpa) VTM (Kpa) Saturation Swell

L1 4.43 590 4.45 540 71.24 0.37 91.53
L2 4.20 550 4.12 490 58.24 0.26 89.09
L3 4.96 620 4.92 590 59.27 0.29 95.16
C1 5.09 460 5.06 420 60.98 0.44 91.33
C2 5.82 450 5.74 390 68.52 0.98 86.67
C3 5.62 370 5.51 350 57.62 0.53 94.59
F1 4.79 400 4.76 300 63.69 0.29 75.00
F2 5.71 420 5.68 310 65.59 0.33 73.81
F3 5.58 350 5.65 280 66.95 0.36 80.00
S1 6.92 340 6.81 280 67.51 1.04 82.35
S2 6.02 360 6.14 290 69.29 0.52 80.56
S3 6.94 350 6.88 300 71.23 0.56 85.71
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Fig. 5: Tensile Strength Test Results

Conclusions:
The main conclusions from this study are summarized as follows:

1. The test results indicate that the fillers used in this study were found suitable for use in SMA and comply
with the applicable specifications (AASHTO PP41) in the “Standard Specification for Designing Stone
Mastic Asphalt”, and can potentially be used as mineral fillers in Stone Mastic Asphalt (SMA) Mixtures
and the aggregate gradation used in this study produced stone-to-stone contact.

2. SMA mixtures meeting typical volumetric requirements for SMA could be produced using any of the
combinations of filler used in this study. No adjustment in aggregate gradation was needed to achieve the
required air void content of 4.0 percent.

3. The results of the ITSM for CWD and SSD mixtures were much better than the reference mix and CFA
mixtures were slightly lower but within the specifications set by ASSHTO.

4. Higher indirect tensile strength of ceramic waste mixtures indicates better cohesive strength than the
mixtures prepared with limestone filler. Based on the indirect tensile strength ratios, it can be concluded
that the use of these fillers with the three combinations in SMA mixtures leads to the enhancement of
resistance against moisture induced damage as well as moisture induced stability damage.

5. The results obtained from this study indicate that the four types and the three combinations of filler have
the excellent engineering properties, particularly, the Ceramic Waste Dust (CWD) mixtures showed the
best performance among the tested mixtures.
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