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ABSTRACT

Bituminous concrete, also referred to as asphaltic concrete, represents one of the most sophisticated and high-
cost types of flexible pavement layers utilized in surface courses. Given its elevated cost and performance
demands, bituminous mixtures must be meticulously designed to satisfy standards for structural integrity and
durability. The mixture typically includes well-graded coarse aggregates, fine aggregates, and mineral filler, all
bound together with bitumen. The mineral filler component, which passes through a 0.075 mm sieve,
significantly influences the mechanical performance of the mix. An increase in filler content generally
enhances Marshall Stability. According to the Asphalt Institute, 4 to 8% filler is recommended in asphalt
concrete [1]. Traditional fillers like cement, limestone, and granite powder are not economically feasible or
widely available in Bangladesh.

In this context, a 50:50 combination of coal dust and coarse sand is considered a viable alternative, as both are
inexpensive and readily accessible. This study evaluates the effect of this blended filler on the behavior of
bituminous mixtures. It compares the performance of mixes containing a coal dust—coarse sand blend with that
of mixes using conventional filler types such as fine sand with stone dust in Bangladesh. The evaluation was
conducted using the Marshall mix design approach. The Marshall stability values for mixtures containing fine
sand with stone dust and the coal dust—coarse sand blend were measured at 2.15 kN, and 1.79 kN respectively,
all of which surpass the minimum threshold of stipulated by Marshall Design criteria. These results indicate
that a 50% coal dust and 50% coarse sand combination can serve as an effective and economical filler in
asphaltic concrete.
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INTRODUCTION

Bituminous pavements refer to road surfaces where bitumen serves as the primary binding component during
construction. These surfaces are constructed using a homogeneous blend of coarse aggregates, mineral fillers,
and bituminous binder. The overall structural performance and longevity of bituminous roads are strongly
dependent on both the type and proportion of filler material incorporated [1]. Fillers contribute to the
reinforcement and stiffening of the asphalt binder as they disperse uniformly within the bitumen matrix.
Commonly used fillers include substances like Portland cement, hydrated lime, granite fines, crushed stone
dust, and fine sand. However, materials such as cement, lime, and granite powder are relatively cost-intensive
and are often prioritized for other construction applications. Alternatively, low-cost substitutes like fine sand,
fly ash, coal dust, and other residual powders that pass through a 0.075 mm sieve are recognized as appropriate
filler alternatives.

Recent investigations have emphasized the feasibility of incorporating industrial and construction byproducts
as fillers in asphalti mpositions. Reclaimed material h hosphate resi 2], oil shale fly ash from
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Jordan [3], baghouse fines [4], recovered lime sludge [5], municipal solid waste incinerator ash [6], and
ceramic waste [7] have been evaluated for their effectiveness as fillers. These studies suggest that such waste-
based fillers can significantly enhance the mechanical and functional characteristics of bituminous mixes.
Accordingly, the present study investigates the performance of bituminous mixtures using a blended filler
made of 50% coal dust and 50% coarse sand, offering a cost-efficient and environmentally sustainable
alternative to conventional fillers.

When the filler content is insufficient, the resulting asphalt mix may become too stiff and dry, hampering
workability. Conversely, an excess of bitumen may lead to an overly soft and unstable mix [8]. Fillers increase
interparticle friction and can also undergo chemical interactions with the binder, modifying the rheological
properties of the asphalt mastic [9]. The incorporation of mineral fillers generally improves the elastic stiffness
modulus of asphalt mixtures; however, excessive filler usage may lower mix strength by increasing the binder
demand [10, 11]. Furthermore, the grading of the filler has a significant effect on its contribution to mix
stability and durability.

This research aims to formulate an aggregate-bitumen composite with a carefully controlled air void structure.
A low void content may lead to insufficient binder coating and thin asphalt films, reducing both durability and
compaction ease, whereas excessive voids may result in a lack of structural interlock and instability [12, 13].
Fillers also aid in enhancing temperature resistance and the long-term service life of asphalt mixtures. Strong
cohesion between coarse aggregates, fine particles, and fillers is essential for forming a stable load-bearing
structure [14].

Both the quantity and nature of filler materials affect the workability, strength, and performance of the
bituminous mix [15]. Due to their high surface area, fillers absorb more binder and influence its viscoelastic
properties, which in turn affect the overall pavement response [16, 17]. Properties such as particle gradation,
angularity, surface roughness, void content, and mineral composition have a profound effect on the behavior of
the asphalt composite [18].

In Bangladesh, typical filler compositions consist of a mixture of fine sand and crushed stone dust. This study
assesses the feasibility of using a 50:50 blend of coal dust and coarse sand as an alternative filler. Coal dust is
an abundantly available byproduct of industrial processes, and sand is widely accessible. The physical and
mechanical properties of the bituminous mixes with this blended filler were analyzed through laboratory
testing. Results were compared with those obtained using traditional fillers. The findings highlight that a coal
dust- coarse sand blend has considerable potential as a viable, low-cost filler material for bituminous
pavements, supporting sustainable and economical infrastructure development.

METHODOLOGY

Flow Diagram

For the successful completion of the paper, a comprehensive literature review is essential, demonstrating broad
coverage of relevant materials to support the research questions. Defining the methods and materials used is
crucial to ensure clarity and prevent loss of information. The prediction of results should be checked against
actual data to determine whether the research has achieved its intended goal. Addressing existing gaps,
challenges, and experiences will help guide future development and modifications in the field. Finally, a
conclusion should be provided to summarize and terminate the study and the flow diagram is shown in Figure:
1.

- ILiterature Review :
- Materials and Methods |

( ) Result and IDiscussiorn '
C

Figure: 1 Flow diagram is shown
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Materials

The study utilized various materials including black stone chips in Figure: 2, Domar sand in Figure: 3, grade
60/70 bitumen in Figure:4, and fillers like coarse in Figure:5 sand and coal dust-coarse sand. The materials
were tested using international standards such as ASTM and AASHTO. Coarse and fine aggregates were
assessed for specific gravity, sieve analysis, and other properties. Bitumen quality was evaluated through
penetration, softening point, and ductility tests. The Marshall Mix Design method was employed for specimen
preparation, stability testing, and determining the optimum bitumen content. The tests followed ASTM D1559
and AASHTO T245 standards [19].

Figure 4: Collected Bitumen (Grade 60/70)

Figure 5: Collected Regular Filler from Sand Dust
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METHODS

The Marshall Mix Design method is used for evaluating Hot Mix Asphalt (HMA) by testing the strength,
workability, and rigidity of bituminous mixtures under traffic conditions. The method involves various tests,
including Marshall Stability, flow value, optimum bitumen content, and bitumen film thickness, using
materials like coarse aggregates, fine aggregates, fillers, and bitumen. The process involves preparing samples
with varying bitumen contents, compacting them, and conducting stability and flow tests. The test results for
aggregates, fillers, and bitumen are presented, showing properties such as specific gravity, absorption capacity,
and resistance to degradation. The study also includes a detailed data table comparing the properties of mixes
with fresh filler, RCC waste, brick waste, and combined fillers, along with standard values for Marshall
Stability, flow, VMA, VFB, and air voids. The results provide insights into the quality of the mix and its
suitability for transportation purposes. Figure: 6 to 13 were illustrated as parts of the test.

Figure 6: Weighting of CA, FA and Fillers according to their amount required with respect to Bitumen
Percentages.

Figure 8: Mixing of CA, FA and Filler respectively and heating them on Electric Stove
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Figure 9: Marshall Compaction Machine

Figure 13: Putting the Specimen inside Marshall Testing Machine to obtain values
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Table 1: Obtained Data Table for Marshall Mix Design

Unit Weight (Kg/m®)
% BC by Weight Fresh filler | 50% coal dust Standard Values
and 50% sand | (RHD, Bangladesh)
combination
4 1745.08 1847.85 2000-2500
4.5 2142.8 2139.32
5 2254.54 2348.54
5.5 2242.38 2288.96
6 1548.54 2154.58
Marshall Stability (kN)
% BC by Weight Fresh filler Brick waste Standard Values
(RHD, Bangladesh)
4 1.13 1.24 -
4.5 1.89 1.79
5 2.15 1.67
5.5 1.78 1.25
6 1.25 0.94
Flow (mm)
% BC by Weight Fresh filler | 50% coal dust Standard Values
and 50% sand | (RHD, Bangladesh)
combination
4 1.75 3.11 2-4
4.5 1.9 3.28
5 2.12 3.48
5.5 2.76 3.63
6 3.15 4.13
Percent VMA
% BC by Weight Fresh filler | 50% coal dust Standard Values
and 50% sand | (RHD, Bangladesh)
combination
4 22.58 21.67 15-20
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4.5 20.25 20.88
5 18.38 20.53
9.5 18.63 21.46
6 23.09 22.23
Percent VFB
% BC by Weight Fresh filler | 50% coal dust Standard Values
and 50% sand | (RHD, Bangladesh)
combination
4 19.89 38.89 50-80
4.5 46 46.09
) 60.37 52.6
5.5 65.65 55
6 68.55 57.66
Percent Air Void
% BC by Weight Fresh filler | 50% coal dust Standard Values
and 50% sand | (RHD, Bangladesh)
combination
4 28.11 13.24 --
4.5 20.54 11.25
5 16.48 9.72
5.5 12.58 9.12
6 10.41 941

RESULT AND DISCUSSION

The Marshall Mix Design method is a widely used technique for designing and evaluating Hot Mix Asphalt
(HMA). The method assesses the strength, workability, and resistance of bituminous mixtures under traffic
conditions by examining several key properties, including unit weight, Marshall stability, flow, volumetric
properties, and air voids. The data provided above includes the results of tests conducted using different fillers,
such as fresh filler and a 50% coal dust and 50% coarse sand combination, comparing them with standard
values established by the Roads and Highways Department (RHD) in Bangladesh.

Unit Weight (Kg/m3)

For fresh filler, the unit weight ranges from 1745.08 kg/m3 at 4% BC by weight to 1548.54 kg/m3 at 6% BC in
Table 1. In contrast, the mix containing 50% coal dust and 50% sand combination shows a similar trend, but
the values are slightly higher than those with fresh filler, with the highest unit weight being 2348.54 kg/m?3 at
5% BC by weight.
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The standard unit weight for bituminous mixes, as prescribed by RHD, Bangladesh, falls between 2000-2500
kg/ms. From the data, it is evident that the unit weight of both the fresh filler and the coal dust-sand mix
generally falls below the standard values, especially at higher bitumen content levels (above 5% BC). This
discrepancy suggests that the mixes may have insufficient compaction or lack a sufficient amount of fine
materials (such as sand and filler) to meet the standard requirements for heavier traffic loads.

Marshall Stability (kN)

For fresh filler, stability increases from 1.13 kN at 4% BC to a peak value of 2.15 kN at 5% BC, after which it
drops to 1.25 kN at 6% BC in Table 1. This pattern reflects the general trend that bitumen content initially
increases the mix’s strength, but beyond an optimal point, excessive bitumen may reduce stability due to
insufficient aggregate interlocking.

The stability of mixes containing 50% coal dust and 50% sand is generally lower than that of mixes with fresh
filler, particularly at higher bitumen contents. At 4% BC, the stability is 1.24 kN, and it decreases gradually as
the bitumen content increases, reaching 0.94 kN at 6% BC. This reduction in stability could be attributed to the
lower quality and binding properties of coal dust compared to fresh filler, as coal dust might not contribute
effectively to aggregate bonding.

Flow (mm)

For fresh filler, flow increases from 1.75 mm at 4% BC to 3.15 mm at 6% BC, indicating that higher bitumen
content makes the mix more flexible. The flow for the 50% coal dust and 50% sand mix shows a similar trend,
but the values are consistently higher, especially at 6% BC, where the flow reaches 4.13 mm in Table 1. This
suggests that mixes with coal dust and sand are more flexible and deform more under load compared to those
with fresh filler, which could affect their long-term durability under heavy traffic.

The standard flow values according to RHD, Bangladesh, range from 2 to 4 mm. Both types of mixes fall
within this range, although the mixes containing coal dust and sand have flow values closer to the higher end
of the standard range, indicating a higher likelihood of deformation under load.

Percent VMA (Voids in Mineral Aggregate)

For the fresh filler, VMA ranges from 22.58% at 4% BC to 23.09% at 6% BC. For the 50% coal dust and 50%
sand combination, the VMA starts at 21.67% at 4% BC and gradually decreases to 22.23% at 6% BC in Table
1. The standard VMA values set by RHD, Bangladesh, range between 15-20%. Both the fresh filler and coal
dust-sand mixes exceed this range, which might indicate an excess of voids, affecting the mix’s durability.

Percent VFB (Voids Filled with Bitumen)

fresh filler, VFB increases from 19.89% at 4% BC to 68.55% at 6% BC, showing a trend toward better
bitumen filling as bitumen content increases. For the coal dust-sand mix, VFB is significantly higher across all
bitumen contents, ranging from 38.89% at 4% BC to 57.66% at 6% BC in Table 1. The RHD standard for VFB
is between 50-80%, and both mixes generally meet the standard, except for the mix with fresh filler at 4% BC.

Percent Air Void

For the fresh filler, air voids decrease from 28.11% at 4% BC to 10.41% at 6% BC. The coal dust-sand
combination shows a similar trend, with air voids decreasing from 13.24% at 4% BC to 9.41% at 6% BC in
Table 1. The lower air voids in the coal dust-sand mix could indicate a more compact mix with better
performance under traffic loads.

CONCLUSION

The results presented above show that the bitumen content, type of filler, and aggregate properties significantly
influence the performance of the asphalt mix. The mixes containing coal dust and sand generally exhibit higher
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flow and lower stability compared to the fresh filler, which indicates that coal dust may not be as effective in
contributing to the overall strength of the mix. However, both types of mixes generally meet the RHD standard
requirements for VMA and VFB, ensuring that they are workable and durable for use in transportation
infrastructure.

RECOMMENDATIONS

1. It is obtained to use fresh filler in asphalt mixes, as it provides better stability, optimal air voids, and
improved VFB compared to coal dust. This leads to enhanced durability and long-term performance of
the pavement.

2. Coal dust should not be considered a suitable replacement for fresh filler in asphalt mixes due to its
poor performance in key parameters. Its use may increase susceptibility to deformation and reduce the
structural integrity of the pavement over time. Further studies could explore ways to improve its
suitability if necessary.
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