Journal of Civil Engineering, Science and Technology
Volume 12, Issue 1, April 2021

EVALUATION OF THE PERFORMANCE OF WASTE MARBLE
DUST AS A MINERAL FILLER IN HOT-MIX ASPHALT
CONCRETE

Levy Sang!, Temitope Idowu'” and Victoria Okumu?

'Faculty of Engineering and the Built Environment, Technical University of Kenya, P.O Box 52428-00200,
Nairobi,Kenya.

2Civil Engineering Department, Multimedia University of Kenya. P. O. Box 30305, Nairobi, Kenya.

Date received: 10/07/2020  Date accepted: 15/03/2021
*Corresponding author’s email: temitope.idowu@tukenya.ac.ke
DOI: 10.33736/jcest.3337.2021

Abstract — As the construction industry continues to evolve globally, there is a need to develop best practices
geared towards achieving sustainable construction. Asphalt concrete’s demand has been increasing steadily with
an estimated global demand of 122.5 million tons in 2019. This is driven primarily by the growth in construction
activities in developing countries as each country works towards enhancing its transportation facilities to cater to
the ever-expanding population. Hence, there are needs to develop newer and more efficient means of asphalt
consumption. One of such is identifying cheaper or waste materials for use in Asphalt production. This study,
therefore, examined the viability of waste marble dust (WMD), an industrial waste produced during the shaping
and polishing of marble blocks and also during its extraction from the mines, as a mineral filler in Hot-mix asphalt
(HMA) concrete. Engineering properties such as Marshall stability and flow, Void characteristics, Indirect tensile
strength and Tensile strength ratio properties were examined. It was observed that the addition of WMD steadily
increased the Marshall Stability and indirect tensile strength values and lowered the voids percentages. The study’s
major finding is that waste marble dust is highly suitable as a mineral filler in HMA and a 3% by volume addition
of WMD in HMA at 4.5% binder content produced the most optimal mix for use in road pavements.
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1.0 INTRODUCTION

Asphalt concrete, a mixture of complex heterogeneous materials composed of aggregates, mastic cement, additives,
and void spaces, has been an integral component of the flexible road construction process for well over a century
[1]. Industry-based reports projected an upward trajectory in the global demand for asphalt and it was expected to
reach 122.5 million tons by 2019, with over 75% being used for flexible road pavements [2], [3]. The mastic cement
is a paste of asphalt binder and fine aggregates that binds the graded aggregates to form asphalt concrete used for
the surfacing of flexible road pavements [4]. Flexible road pavements account for the highest percentage of paved
roads both in developed and developing countries. For instance, 94% of paved roads in the United States are flexible
pavements [5] and in Kenya, flexible pavements account for 97% of all paved roads [6]. This implies the overall
importance of flexible pavements in achieving effective road transport systems and asphaltic concrete is an integral
component of these pavement types.

In the past few decades, the need for sustainability has come to the fore in several fields of endeavour including
the construction industry. This gave rise to the concept of sustainable construction which is understood as “ensuring
the provision of current built environment needs without compromising resources needed to meet the needs of
future generations. [7]” Hence, in achieving the objectives of sustainable construction in the road pavement
industry, two main approaches have been followed — 1) the development of new asphalt mixing and laying
technologies and 2) the adoption of residues (wastes) and industrial by-products [8]. The adoption of waste
materials that otherwise constitutes an environmental nuisance performs two roles in the achievement of
sustainability. The first is it serves as a means of disposing of the waste, and hence contributing to environmental
cleanup. Secondly, the productive use of waste materials offsets the costs of the conventional materials they are
replacing.
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Hot-mix asphalt concrete is typically composed of the complex heterogeneous composition of aggregates,
additives, and bitumen binder is also known as asphalt cement and additives. Mineral fillers are the fine mineral
particles that pass through the standard sieve No 200 that are naturally present in the mineral aggregate or in cases
where they are not in sufficient quantities are added to the mix. In this regard, mineral fillers form part of the
aggregate skeleton of the pavement. Hence, the fillers may be obtained from the crushing of rocks at quarry sites
or they may be manufactured or industrial products. Limestone powder which comprises over 70% by weight of
calcium carbonate (CaCQ3)[9] is one of the most widely used mineral fillers. Other conventional filler materials
include hydrated lime [10], Portland cement, slag or ash. The main functions of the mineral filler are to fill the
voids in the aggregate skeleton and create a denser and more cohesive mixture, thereby increasing the overall
stability of the asphalt mix and improving the adhesion between the aggregates and bitumen in Asphalt concretes
[11], [12]. However, several studies have established that mineral fillers, when added to the asphaltic concrete,
improve the engineering properties of the mix such as durability, skid resistance particle shape, surface area, surface
texture, and other physiochemical properties.

For instance, studies by [13], [14] confirmed that fillers can modify the ageing processes of asphalt. Other studies
by [15], [16] show that fillers can stiffen and/or elongate the binder, thereby affecting the fatigue and rutting
properties of the asphalt. Several other studies have recorded how mineral fillers, depending on their inherent
properties, significantly impacted different engineering properties of asphalt mixes and bitumen mastics [9], [17]-
[20]. The objectives of sustainable construction were pursued in some of the studies. For instance, [18] investigated
the use of biomass ashes — a renewable resource — as fillers in asphalt mixes while [17] considered the potential
use of recycled fine aggregates.

Marble dust is an industrial waste produced during the shaping and polishing of marble blocks and also during its
extraction from the mines. During the extraction, shaping, and polishing process, nearly 20-35% raw marble is
converted into dust which is a waste [21]. Another study by [22] puts the total amount of generated marble wastes
at 30 — 50% of the total volume of all processed blocks in marble blocks production sites. This poses an
environmental problem since the dust is settled by sedimentation and left close to the processing sites. Marble dust
has been observed to contain over 50% Calcium oxide [23], and its similarity with limestone powder in terms of
chemical composition [23], makes it an excellent replacement in civil engineering works. Numerous studies have,
therefore, been conducted on the potential use of waste marble dust (WMD) in different civil engineering
applications. In soil stabilization studies, investigations by [24] and [25] on the use of WMD for improving the
properties of black cotton soil and rice husk ash stabilized expansive soil, respectively showed that significant
improvements were observed in the engineering properties of the soils. These include lowering of the plastic limits,
increase in shrinkage limits, lower differential free swell, and increase in the bearing capacity of the soil [24], [25].
Similarly, in a study by [26] on the use of waste marble dust as a stabilizer for the cohesive soil to be used in the
construction of earth dam cores, it was observed that the presence of the waste marble dust reduced the permeability
and increased the durability of the soil samples. In studies on bricks and concrete works, the investigation by [27]
showed that there were improvements in the engineering properties of industrial bricks when waste granite and
marble dust were incorporated. Another study by [28] proved that the incorporation of WMD can increase the
freezing-thawing durability of the concrete. Several other studies on the possible application of WMD are found in
literature [29]-[32]. The above utilization of waste marble dust and the positive results as observed will likely lead
to an improvement in the engineering properties of the asphalt concrete. Therefore, the objectives of this study are
1) to investigate if the use of waste marble dust as a mineral filler will improve the engineering properties of hot-
mix asphalt and 2) and if it does, to determine the optimal mix in line with best practices for HMA in road
construction. Achieving the two objectives will contribute original findings on alternative materials to conventional
filler materials in HMA production, and by extension further the achievement of sustainable construction.

2.0 MATERIALS AND METHODS
2.1 Materials

2.1.1  Aggregates

According to [33], 90-95% of asphalt concrete is composed of aggregates, with the remaining 5-10% a summation
of binder and air voids. The aggregates in the mix form the structural skeleton which resists deformation and
transmits wheel loads to the underlying pavement layers. The aggregates should, therefore, provide enough shear
strength to the asphalt mix for resisting permanent deformation. In addition to the load-bearing properties, the
aggregates also determine the texture and skid resistance of the pavement surface. Hence, the aggregates should
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possess the necessary hardness, toughness, and abrasion resistance to enable the resultant mixes to withstand traffic
conditions. In terms of stability, asphalt concrete (AC) types are classified as either high or low stability, also
known as Type | or Type Il AC, respectively [34]. This study’s aggregate type and grading were focused on
achieving Type | AC 0/14 wearing course. The aggregate grading, which is the process of physically blending
different aggregate sizes to fit within a specific envelope, was used to determine the mix-matrix for the samples
prepared as shown in Plate 1. The Fuller curve (0.45 power grading chart developed by [35] was used in determining
the maximum particle density before the addition of the bitumen binder. The power chart, plotted using Equation
1 was based on the assumption that the best aggregate grading for bitumen mix gives the densest particle packing.

P =100(4/p)" (1)

Where; P is the total % passing a particular sieve size; d is the particular sieve size opening diameter; D is the
maximum aggregate size; n= 0.45.

The manual [35] further details the procedure for the utilization of the 0.45 power grading chart in making
adjustments to the aggregate grading during the asphalt mix design. The actual gradation of the aggregate was
plotted in the same power chart and compared to the maximum density line.

2.1.2 Bitumen Binder

Bitumen binder, also known as asphalt cement or asphalt, is a complex mix of hydrocarbons, -dark brown to black-
, which may occur naturally or be obtained through petroleum refining. Large scale refining of crude oil to
manufacture fuel and lubricants has made the sourcing of naturally occurring bitumen less economical. Generally,
the bitumen used for road construction today is obtained by refining crude oil and the resultant product is commonly
referred to as penetration grade bitumen. Some studies have also been carried out on the viability of using waste
materials as additives in bitumen for asphalt production, e.g. waste paints[36], crumb rubber from waste tires [37],
and High-Density Polyethylene [38], plastic [53]. The straight run bitumen of penetration grade 80/100 was used
in this study

2.1.3 Marble Dust

Marble dust is produced as a by-product of marble processing. It mainly contains carbonate minerals mostly
calcite (CaCOs) and dolomite. The exact chemical composition of marble dust may vary depending on the location
and the minerals or impurities present in the limestone during recrystallization. Typically marble dust is composed
of the following major constituents; Lime(CaO): 38-42%, Silica(SiO2): 20-25%, Alumina(Al,O3): 2-4%, Oxides
(NaO and MgO): 1.5-2.5%, Carbonates(MgCQO3): 30-32% [23]. Further details on the physical, chemical, and
morphological properties of waste marble dust, its applications and the role of its management in achieving a
sustainable environment and construction are well detailed in the extensive study by [31]. Figure 1 shows samples
of waste marble dust obtained from the Kenya Marble and Quarries Limited, Industrial Area, Nairobi.

Figure 1 The graded aggregates and Waste marble dust



2.2 Testing Program

2.2.1 Aggregate and Filler Grading

In this study, grading used to determine the Particle Size Distribution of both the aggregates and the filler was
based on BS EN 1260:2013.

Aggregate Grading

The mix design involved a single size and combined grading of the aggregates. The single size grading included
0/6mm, 6/10mm, and 10/14mm aggregates while the combined grading proportioning adopted were 20% of
10/14mm aggregates, 20% of 6/10mm aggregates, and 60% of 0/6mm aggregates. The summary of the aggregate
grading for the HMA is presented in Table 1 and the resulting grading curve is presented in Figure 1.

Table 1. Grading Data for the aggregates (According to the Kenya Road Design Manual)

Agg size 10/14mm  6/10mm  0/6mm  0/6mm GRADING
PROPORTIONS Theoretical  Actual grading  Standard
specification
Sieve(mm) 20 20 60 grading min max
20 100 100 100 100 100 100
14 94 100 100 99 98 90 100
10 24 82 100.0 77 78 70 90
6.3 0.0 19.8 100.0 64 65 55 75
4 0.0 0.0 96.0 58 58 45 63
2 0.0 0.0 64.0 38 38 33 48
1 0.0 0.0 39.0 23 24 23 38
0.425 0.0 0.0 23.0 14 14 14 25
0.3 0.0 0.0 19.0 11 11 12 22
0.15 0.0 0.0 13.0 8 8 8 16
0.075 0.0 0.0 9.5 6 6 5 10
ACTUAL GRADING FOR AC 0/14MM TYPE 1 - WEARING COURSE
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Figure 2 Grading curve for the Type 1 wearing course asphalt concrete.

From the grading curve plotted in Figure 2, the actual grading curve lied within the upper and lower bound
envelope, but slightly closer to the lower bound with aggregates passing sieve 1mm hence the need to improve it
with a filler. When aggregates are well fitted within the curve, the friction at many points are higher and the mix
voids are relatively lower in comparison to aggregates whose curves lie outside the envelope.

Filler Grading



Filler grading was done on waste marble dust to determine the suitability of the use as a mineral filler. The results
for the filler grading are as shown in Table 2 and the filler grading curve in Figure 2.

Table 2 Filler grading (According to the Kenya Road Design Manual)

Sieve Size Mass Retained Mass Passing % Passing MIN MAX
600 0 760 100 100 100
425 0 760 100 100 100
300 0 760 100 95 100
150 58 702 92 90 100
75 168 534 70 70 100
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Figure 3. Filler Grading curve

Filler grading was done on waste marble dust to determine the suitability of the use as a mineral filler in asphalt
concrete mixes. The confirmatory test from the grading curve supports the use of waste marble dust as a filler
since the grading curve fits within the minimum and maximum limits as shown in Figure 3.

Finally, the initial binder content for the mix was determined using Equation 2 [39].

DBC = 0.035a + 0.04b + K.+ F )

Where; DBC = Approximate Design Bitumen Content percent by total weight of mix, A = % of mineral aggregate
retained on the 2.36mm sieve, B = % of mineral aggregate passing the 2.36mm sieve and retained on the 0.075mm
sieve, C = % of mineral aggregate passing the 0.075mm sieve, K = 0.15 for 11-15% passing the 0.075mm sieve, =
0.18 for 6-10% passing the 0.075mm sieve, = 0.20 for 5% passing the 0.075mm sieve, F= 0 - 2% Based on
absorption of bitumen. In the absence of other data, a value of 0.7 is suggested [39].

2.2.2  Confirmatory Tests

Confirmatory tests according to the Standards were conducted to determine the suitability of the mechanical
properties of aggregates, bitumen grade, and the use of waste marble dust as a filler. They include; Grading,
Flakiness Index, Los Angeles Abrasion, Aggregate Crushing Value, Penetration on Bitumen as shown in Table 3.



Table 3 Confirmatory Tests

Confirmatory Test Objective Standards and Codes Code used

Grading To determine the Particle Size Distribution of the BS EN 13043:2015 [40]
aggregates and the filler (grading)

Flakiness Index To determine the flatness of an aggregate sample BS EN 933-3: 2012 [41]

LAA To determine the hardness of aggregates when BS EN 1097-2: 2010 [42]
exposed to wearing action.

ACV To determine the relative resistance of aggregates to BS 812-110:1990 [43]
crushing on the application under a gradually applied BS EN 1097-2: 2010 [42]
load.

Penetration on Bitumen  To determine the consistency of the bitumen and its BS EN 1426:2015 [44]
penetration grade.

The summary of the outcomes of each confirmatory test conducted on the materials is represented by Tables 4.

Table 4 Confirmatory Tests Results

TEST VALUE Specifications according to the standards
Flakiness Index (FI) 16.9 Max 25
Los Angeles Abrasion (LAA) 28 Max 35
Aggregate Crushing Value (ACV) 25.7 Max 30
Penetration on Bitumen 83.5 80-100

2.2.3 Marshall Stability and Flow

Asphalt concrete requires sufficient strength and stability to withstand and transfer traffic loads from the surface.
This is captured by the Marshall stability properties of the AC. For Type | AC, the Marshall stability ranges from
8000N to 19,000N [34]. In this study, the Marshall Stability and Flow tests were based on the BS EN 12697-
34:2012 [45]. Marshall Stability is a measure of permanent deformation resistance by the asphalt concrete. The test
is used for asphalt mixes containing bitumen where the maximum aggregate size is 25.4 mm or less. Asphalt
specimens were loaded on their cylindrical side-edges with a Marshall loading head at a specified loading rate and
temperature. The resistance against the plastic flow was measured. Marshall Flow is the amount of deformation
that occurs under maximum load.

2.2.4 Determination of voids percentage

The determination of the volumetric properties of the compacted specimen from which the voids percentage was
obtained was based on the BS EN 12697-8:2018 [46]. The volumetric parameters obtained include the Dry bulk
density, Air voids Va, Voids in mineral aggregate (VMA), and Voids filled with bitumen (VFB).

The Bulk Densities of the samples were determined using the buoyancy method where the volume of a sample was
estimated based on the volume of water it displaces when immersed in water. The estimations are represented by
equations 3 and 4 where the volume was estimated using equation 3 and the bulk density using equation 4.

Volume = SSD — weight in water 3

Where; SSD is the saturated surface dry condition of the samples after weighing in water.
The bulk density was then calculated as shown in Equation 4.

Weight in air

Bulk Density = —wp 4)

The Air Voids (Va) are the tiny spaces between the skeletons formed by the coarse and fine aggregates in the
presence of the bitumen. The air voids, to some extent, influence the aggregate interlocking characteristics and
compaction of the mix [47]. The percentage volume of air voids in the compacted asphalt mix was determined
using Equation 5.



Voids, V, = Smm=Smb . 100 (5)
Where; Gmn is the measured maximum specific gravity of uncompacted asphalt mix, Gmp is the measured bulk
specific gravity of the compacted asphalt mix
The Voids in mineral aggregate (VMA), which is the inter-granular void space between aggregate particles in a
compacted mixture that includes the air voids and the effective asphalt content expressed as a % of the total volume.
The VMA was calculated based on the bulk specific gravity of the combined aggregate and is expressed as a % of
the bulk volume of the compacted asphalt mixture as shown in Equation 6.

VMA = 100 — &mp®) (6)
Gsp
Where; Gmp is the measured bulk specific gravity of the compacted asphalt mixture, Psis the % by weight of the
total amount of aggregate in the mixture, G is the bulk specific gravity of the combined aggregate.
The Voids filled with bitumen (VFB) are the void spaces found between the aggregates in the compacted AC
mixture containing the bitumen binder. It is expressed as a percentage of the VMA in the presence of a bitumen
binder [48].

2.2.5 Indirect Tensile Strength and Tensile Strength Ratio

The Indirect Tensile Strength (ITS) helps determine the tensile characteristics of the asphalt mix which can be
further related to the cracking behaviour of the final pavement. Higher tensile strength is indicative of a higher
resistance of the pavement to cracking. Conversely, the tensile strength ratio (TSR) indicates the moisture
sensitivity of the samples. In this study, the experimental setup for the ITS and TSR of the HMA mix was based
on BS EN 12697-23:2017 [49]. Details of the test procedures are outlined in the standard [49]. On the final analysis,
the Indirect Tensile Strength (ITS) was calculated as shown in equation 7.

2P
ITS = — ()
Where; ITS = Indirect Tensile Strength (N/mm?), P = Maximum load applied to specimen in N, t= Specimen
thickness (mm) and D = Specimen diameter (mm).

The Tensile Strength Ratio (TSR) is the ratio of the Indirect Tensile Strength of soaked samples to the dry
samples. The Asphalt Institute recommends that the Tensile Strength Ratio (TSR) for asphalt mixes be equal to or
greater than 0.7 [50].

3. RESULTS AND DISCUSSIONS

Triplicate samples of the HMA samples were tested for WMD filler increments of 0, 1%, 3% and 5% at binder
contents of 4%, 4.5%, 5%, 5.5% and 6%. The results of the Marshall Stability and flow, Voids properties, and
strength are discussed in this section.

3.1 Effects of WMD on the Marshall Stability

The summary of the Marshall Stability values obtained under the varying percentages of WMD fillers and bitumen
binder contents (BC) are presented in Table 5. It can be observed that the Marshall Stability generally increases
with the increasing addition of binder up to a certain point and declines beyond that point for each WMD
percentage. These points are the optimal binder percentages for that particular filler content. A glance at the trends
along the columns in Table 5 shows that the Marshall Stability values increased with an increase in the WMD
content in the HMA mix. Figure 4 illustrates the increasing trend with the blue line which represents 5% WMD
mineral filler in the mix recording the relatively highest values across each binder content and conversely, the
purple line which represents an absence of WMD in the mix (neat sample), recorded the lowest values.



Table 5 Marshall Stability Values

Binder 4 45 5 55 6
[0)
WMD Filler %)
(%) Marshall Stability values (N)
0 (No filler) 7561 7421 8003 9179 8162
1 9264 9497 9304 9687 9130
3 8611 10835 10247 9383 8533
5 13342 14457 13301 10988 9887

Marshall Stability Vs Binder Content
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Figure 4 Marshall Stability vs Binder Content

The Marshall stability at optimum binder content is 9179N at 5.5% BC for neat sample, 9687N at 5.5% B.C for
1% waste marble dust filler, 10835N at 4.5% BC for 3% WMD Filler, 14457N at 4.5% B.C for 5% WMD filler as
indicated in green in Table 5. It should be noted that extremely high values of Marshall Stability imply that the
asphalt concrete will be too stiff, hence may be susceptible to failures associated with poor workability. On the
other hand, extremely low values of the Marshall Stability imply low pavement durability under traffic loads. In
this study, the highest value (14,457N) was observed at 5% filler and 4.5% BC while the lowest value of 7421N
was observed when no WMD was added to the mix at 4.5% BC. These trends observed in the marshal stability
values are similar to that of a related study where waste marble was used as a filler in Dense bituminous macadam
(DBM) and the highest values were observed to be 12.95KN obtained for a 4% filler at 5.5% bitumen content [48].
In comparison to conventional filler materials, the maximum Marshall stability values in an HMA mix were
obtained at 2.5% for limestone and 3.0% for cement dust in a study by [51]. Based on the guidelines, the minimum
standard Marshall stability value is 7500N [52]. As seen in Table 1, for a neat sample to meet this threshold, more
bitumen blinder will be required above 4.5% but introducing the WMD mineral filler drastically raises the values
above the threshold at any BC percentage, the optimal being at 4.5%.

3.2 Effects of WMD on the Marshall Flow

Asphalt concrete with lower values of Marshall flow tends to fail due to disintegration, while higher values mean
that the workability is also greatly reduced if they exceed the given limits. As per the specification, the Marshall
flow should range between 2 and 4mm [30]. The Marshall Flow values obtained from this study’s samples are as
tabulated in Table 6. From the Table, it can be observed that there was a general increase in Marshall Flow with an
increasing percentage of the filler for each binder content. Across the table, for the same % WMD filler, there was
a gradual increase in the flow values up to a certain point before decreasing. However, with exceptions of the
samples with extremely high binder content (6%) and no filler which recorded a value of 1.81 (<2) and the samples
with high WMD filler content (5%) coupled with relatively high BC, thereby recording values of 4.40 and 4.09
(>4), over 80% of the samples fell within the range stipulated in the standards and are highlighted in green.
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Table 6 Marshall Flow values

Binder

%) 4 4.5 5 5.5 6

WMD Filler

(%) Marshall Flow values (mm
0 (No filler)
1
3
5

Figure 5 further illustrates how the lower curve of the neat sample has the least flow within the range of 1.81 - 3
mm except for the 6% binder content where the flow drops to 1.81mm. The 1% and 3% waste marble dust filler
seem to produce the best flow values across all binder contents.

Flow Vs Binder Content
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Figure 5 Flow Vs Binder Content

3.3 Effects of WMD on the percentage V., VMA and VFB

The percentage of voids is an important element in asphalt concrete. The resulting calculations show that the
measured specific gravities and bulk densities of the samples varied from 2.41 to 2.49 and 2.19g/cm?®to 2.29 g/cm?,
respectively. The summary of the values of the percentage voids, voids in mineral aggregates, and voids filled with

bitumen are given in Table 7 and the plot of the relationship between the binder content and these variables for each
addition of WMD are given in Figure 5.

Table 7 Percentages Voids properties

WMD Filler

(%) 0 (No filler) 1 3 5
Binder

(%) Percentage Air Voids (Va)

4 12 | 102
45 11.7 10.1
5 11.4 9.2

Voids in mineral aggregate (VMA)

4 22.1 233 21.4 20.5
45 22.5 23.4 19.7 20.2
5 23.2 22.4 20.1 20.6

Voids filled with bitumen (VFB)

2 457
45 48
5 655
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Voids % Vs Binder Content

15
13 -—
11 ¢ —e
:: —0
—e —9
5
3.9 4.1 4.3 45 4.7 49 51
Binder Content
—e— NEAT SAMPLE —o— 1% WASTE MARBLE FILLER

—8—3% WASTE MARBLE FILLER ——5% WASTE MARBLE FILLER

Figure 6a A plot of Binder Content against the Voids % (V)
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Figure 6b A plot of Binder Content against the VVoids in mineral aggregates (VMA)

VFB Vs Binder Content
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Figure 6¢ A plot of Binder Content against the Voids filled with bitumen (VFB)
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The voids percentage allowed for asphalt concrete mixes is in the range of 5 - 10% [30]. From Figure 6a, the voids
for the neat sample are above 10% for the different binder percentages. The air voids percentage with 1% filler
reduces to a maximum of 10.2 at 4% binder content, 10.1 at 4.5 % binder content, and 9.2 at 5% binder content.
With 3% filler, the range of the air voids is 8.2% at 5% binder content, 8.5 at 4.5 % binder content, and to a
maximum of 9.1% at 4% binder content which is within the range. The 5% filler also meets the specification since
the range is 7.7 with 4.5% binder, 8 at 5% binder, and 8.8 at 4% binder. Air voids are important during the rolling
of the asphalt concrete and also allows for differential temperature variations as can be experienced in the field.
Higher values of the percentage voids beyond the maximum allowed value increase the susceptibility to moisture
damage of the pavement. Lower values below the given specifications, on the other hand, reduces the workability
of the asphalt concrete during rolling hence the required compaction levels might not be achieved.

There are no specific values for the VMA and VFB. However, from previous studies, VMA values should generally
be low (20% or less) while the VFB ranges between 50 and 70%. As observed in Figures 6b and 6c, the addition
of the WMD mineral had an inconsistent effect on the VMA and VFB values at varying percentages of binder
contents as observed. Nevertheless, it can be observed that the increasing addition of WMD mineral filler
progressively lowered the VMA values from >20% to <20% especially at 5% BC where the VMA values from
23.2% to 20.6% at 0% and 5%, respectively. The addition of the WMD binder at 1%, 3%, and 5% placed the VFD
values within the 50-70% range for all values BC (Figure 5c).

3.4 Effects of WMD on the Indirect Tensile Strength (ITS) and Tensile Strength Ratio (TSR)

The Indirect Tensile Strength is a direct indicator of the moisture sensitivity of the mix. Therefore, per the above
results, it can be seen that the strength characteristics of the treated mixes remain higher than those of the untreated
mix. It can also be observed that the incorporation of the mineral filler improved the ITS of the HMA concrete.
The Tensile Strength Ratio (TSR) for Asphalt Concrete should be greater than or equal to 0.7 [43]. The Tensile
Strength Ratio of the treated mixes were all above the 0.7 thresholds, and hence within the required limit. This
implies that the addition of WMD mineral filler into the HMA will not increase the susceptibility of the mix to
damage due to moisture.
Table 8 Indirect Tensile Strength Values

0 1 3 5

Waste marble filler %
Indirect Tensile Strength (N/mm?)

SOAKED 46.4 46.8 47.1 48.5
UNSOAKED 52 .24 52.5 53.14 54.2
TSR 0.89 0.89 0.88 0.9

Figure 7 is a plot of the Filler percentages against the indirect tensile strength values for both the soaked and
unsoaked samples. The Figure illustrates that besides the fact that the ITS values for the unsoaked samples were
generally higher, the addition of WMD as a mineral filler in HMA brings a corresponding increase in the ITS.

Indirect Tensile Strength vs WMD Filler
56
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Figure 7 ITS Vs Filler (%)
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4.0 CONCLUSION

In the bid to advance the objectives of sustainable construction, there is the need to develop ever new ways of
utilizing materials that would otherwise constitute environmental waste that poses challenges to management and
disposal. In this study, waste marble dust — a waste that usually amounts to 30 — 50% of the total volume of all
processed blocks in the marble blocks production industry — was tested for its viability as a mineral filler in Hot-
Mix-Asphalt concrete. The findings of the study show that Waste marble dust filler increases the Marshall Stability
from 9179N at 5.5% Binder content for the neat sample to 10,835N when 3% of Waste marble dust filler is used
at 4.5% binder content. The flow of Asphalt concrete increased from 2.6mm for the neat sample at 5.5% Binder
content to 3.86mm when 3% of waste marble dust filler is used at 4.5% binder content. The voids percentage
reduced from 11.7% for the neat sample to 8.5% when 3% of waste marble dust is used as a filler at 4.5% binder
content. This is a 27% reduction in V.. Furthermore, it was observed that the increasing addition of WMD mineral
filler progressively lowered the VMA values from >20% to <20%. The addition of the WMD binder at 1%, 3%,
and 5% placed the VFD values within the 50-70% range for all values BC. The Indirect Tensile Strength of HMA
increased from 52.24N/mm? (neat sample value) to 53.14N/mm? when 3% of WMD is used for the unsoaked
samples and 46.4N/mm? (neat sample value) to 47.1N/mm? when 3% waste marble dust is used as a filler for the
soaked samples. By observing Tables 5 — 7, it can be observed that the only combination that meets the thresholds
according to the specifications for the Marshall Stability and flow, Va, VMA, and VFD is the 3% by volume
addition of the waste marble dust in the HMA at 4.5% binder content. At 4.5% BC, the addition of WMD at 1%,
3% and 5% increased the Marshall stability by 28%, 46% and 95%, respectively. Hence, it can be concluded that
waste marble dust is not only a suitable material, but the optimal percentage is 3% by volume of the aggregate in a
Hot-mix asphalt at 4.5% binder content.
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