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Abstract— The primary focus of this study revolves around the utilization of sintered fly ash (SFA) aggregate as a partial replacement
for coarse aggregate in concrete pavement. The aim is to improve the environmental sustainability of concrete pavement while still
maintaining its structural integrity under mechanical loads. By incorporating SFA aggregate, notable enhancements in the thermal
behaviour of rigid pavement can be achieved, attributed to the increased void content and reduced thermal conductivity of the material.
Through a series of experiments, coarse aggregate was systematically substituted with SFA aggregate in intervals of 10%, up to a 40%
volumetric replacement ratio. The design of the rigid pavement adhered to Indian standards, with a consistent water-cement ratio of
0.36, aiming to attain a minimum compressive strength of 40 N/mm?* Various mechanical properties essential for pavement
sustainability were examined, including compressive strength, abrasion resistance, and impact strength. Notably, a slight reduction in
compressive strength was observed as SFA was introduced into the concrete mix. A similar trend was identified in the concrete's
abrasion and impact resistance behaviour. In summation, the study concludes that incorporating SFA leads to a marginal decline in the
mechanical performance of concrete. However, this reduction remains within an acceptable range. More importantly, utilizing SFA
within specific limits contributes positively to the sustainability of the pavement. Notably, it enhances permeability and thermal
conductivity, crucial aspects of pavement performance, especially when considering environmental factors. Therefore, when judiciously
employed, SFA holds promise as a valuable component in concrete pavement construction, balancing the need for mechanical
robustness with improved environmental considerations.

Keywords—Sintered fly ash aggregate, Rigid Pavement, Impact Resistance, Abrasion Resistance, Mechanical Strength

1. INTRODUCTION

The construction industry plays a pivotal role in shaping the infrastructure and development of nations. In this context,
pavements are fundamental components that facilitate transportation and connectivity. The conventional approach to pavement
construction, predominantly employing concrete, has demonstrated commendable mechanical strength under various loads[1]-[3].
However, the adverse environmental impact associated with its production and usage has prompted researchers and practitioners
to explore sustainable alternatives that strike a balance between structural integrity and environmental consciousness[4].

One such promising alternative is the incorporation of sintered fly ash (SFA) aggregate in concrete pavement construction[5].
Fly ash, a byproduct of coal combustion in thermal power plants, has garnered attention as a supplementary cementitious material
due to its pozzolanic properties[6], [7]. When subjected to controlled sintering, fly ash can be transformed into aggregates,
offering an eco-friendly alternative to traditional coarse aggregates in concrete mixtures[8]—[10]. The potential benefits of SFA in
rigid pavement construction have garnered significant interest in recent years[11].

This investigation aims to delve into the mechanical properties of concrete pavement when SFA aggregate is utilized as a
partial replacement for conventional coarse aggregate. Specifically, the focus lies on comprehending how the introduction of SFA
aggregates influences crucial mechanical attributes, such as compressive strength, abrasion resistance, and impact strength. By
systematically analyzing these properties, a comprehensive understanding of the performance of SFA-enhanced concrete
pavement can be gained.

The research not only contributes to the knowledge surrounding sustainable construction materials but also addresses the
evolving demands of infrastructure development. The outcome of this study could potentially provide valuable insights into
designing pavements that exhibit enhanced mechanical performance while mitigating the environmental burdens associated with
traditional construction materials. As nations strive for a more sustainable future, embracing innovative materials like SFA
aggregates could herald a new era in pavement engineering, redefining the way we construct and maintain our transportation
networks.
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II. MATERIALS AND METHODOLOGY
A. Raw Ingredients
In this study, sintered fly ash aggregate replaces a portion of conventional coarse aggregate, following ASTM C-330
guidelines. The sintered fly ash aggregate composition includes 61% Silica, 14% Al203, 9.0% CaO, 8% Fe203, and minor alkalis.
Pictorial and microscopic images of the aggregate are depicted in Figure 1. Natural coarse aggregates of 10mm and 20mm sizes,
with a specific gravity of 2.67, were used. Fine aggregates comprised river sand of Zone — II quality as per IS 383-2016 [11].

Table 1 presents the summarized physical properties of the aggregates. Ordinary Portland cement (OPC) of grade 43, complying
with IS 8112-1989 [12], served as the binder.
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Fig. 1. SINTERED FLY ASH AGGREGATE (A) PICTORIAL (B) MICROSCOPIC IMAGE

TABLE I PHYSICAL PROPERTIES OF THE AGGREGATES.

. Loose
Propert (S::rlgn?f Bulk Specific Ab\:(])atirion Fineness Porosity
operty & density Gravity Drp Modulus (%)
(MPa) | o) %)
SFA 9.8 845 1.53 15 - 39
Coarse Aggregate - - 2.67 0.8 - -
Fine Aggregate - - 2.62 1.2 2.52 -

B. Mixing Details

This study focuses on evaluating the impact of Sintered Fly Ash (SFA) in concrete pavement using M40 grade concrete. The
investigation involved replacing coarse aggregate (10mm size) with SFA in increments of 10%, reaching up to 40% replacement.

The water-to-cement ratio was consistently maintained at 0.36 for all mixtures. The specific mix proportions for each mixture are
outlined in Fig. 2.
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Fig. 2. FOR M40 GRADE CONCRETE WITH SFA REPLACEMENT, MIX DESIGN DETAILS
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C. Experimental Program

A structured experimental program was devised to comprehensively assess the mechanical characteristics, adhering closely to
the established guidelines. The concrete's compressive strength was determined in accordance with IS 516 [12] directives,
involving 100 mm cubes subjected to a 28-day curing regimen. To evaluate abrasion resistance, concrete cubes cured for 28 days
were subjected to testing as per IS 1237:2012[13] standards. Prior to testing, these cubes underwent a three-day oven drying
period at 110°C + 5°C. Additionally, following a 28-day curing duration, the impact resistance strength of concrete was evaluated
according to the stipulations set forth by ACI Committee 544[14].

Fig. 2. ABRASION RESISTANCE TEST SETUP

III. RESULTS AND DISCUSSION
A. Compressive Strength

The compressive strength of concrete significantly influences its practicality and attractiveness for various applications. The
findings of the compressive strength assessment carried out on concrete samples featuring the substitution of Sintered Fly Ash
(SFA) for natural aggregate are elucidated in Figure 3. The observed reductions in compressive strength are quantified as 6.44%,
9.05%, 12.68%, and 17.3% respectively for SFA replacement levels of 10%, 20%, 30%, and 40%.

This decrease in compressive strength within SFA-infused concrete samples can be attributed primarily to the comparatively
lower crushing strength exhibited by the SFA aggregate[2][15]. Notably, the compressive strength values for the SFA 30 and SFA
40 mixtures are recorded as 43.4 MPa and 41.1 MPa, respectively, both surpassing the required strength threshold of 40 MPa.
This indicates that even with the reduction in compressive strength attributed to SFA incorporation, the resulting mixtures
continue to meet or exceed the requisite strength standards[6].
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Fig. 3. COMPRESSIVE STRENGTH FOR VARIOUS SFA MIXED CONCRETE
B. Abrasion Resistance Strength

Ilustrated in Figure 4 is the discernible impact of Sintered Fly Ash (SFA) on the abrasion depth of concrete subsequent to its
establishment. Corresponding to the trends observed in compressive strength, the same resistance-to-abrasion tendencies were
evident. Notably, the depth of abrasion exhibited a consistent rise with the augmentation of SFA content within the samples.
Specifically, the increments in abrasion depth are quantified at 3.0%, 9.1%, 21.2%, and 27.3% for SFA replacement levels of 10%,
20%, 30%, and 40%, respectively
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The rationale behind this progressive rise in the depth of abrasion can be attributed to the relatively lower hardness value
inherent in SFA when compared to conventional aggregate. This difference in hardness contributes to the observed increased

susceptibility of the SFA-incorporated concrete to abrasion, as it experiences greater wear and tear in response to external
forces[8], [10], [16].
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Fig. 4. DEPTH OF ABRASION FOR VARIOUS SFA MIXED CONCRETE

C. Impact Resistance Strength

Figure 5 vividly illustrates the outcomes of impact resistance strength testing conducted on concrete samples incorporating
Sintered Fly Ash (SFA). As depicted, a distinct decrease in initial impact resistance values is evident, with figures dropping from
the control mix's 1692.42 kJ to 1425.20 kJ, 1247.05 kJ, 1068.90 kJ, and 979.82 kJ for SFA replacement levels of 10%, 20%, 30%,
and 40%, respectively. A similar trend is mirrored in the final impact resistance strength values. The control mix reaches a
maximum final impact resistance of 2048.72 kJ, while the mixes with 10%, 20%, 30%, and 40% SFA replacements exhibit final
impact resistance values of 1826.03 kJ, 1647.88 kJ, 1514.27 kJ, and 1291.58 kJ, respectively.

This observed reduction in impact resistance strength aligns with the trends seen in compressive strength. The underlying cause
can be traced to the distinct characteristics of SFA, such as a weaker Interfacial Transition Zone (ITZ) and higher porosity. These
features contribute to a compromised bridging function, allowing cracks to initiate more readily under external loads.

The concept of ductility, a material's capacity to withstand plastic deformations while subjected to loads, is commonly
evaluated through tests measuring tensile and flexural strength. This concept's applicability to impact tests involves calculating the
ratio of initial to final impact strength, termed the ductility ratio. Previous research has employed this metric to investigate the
potential of modifying concrete behaviour from brittle to ductile under impact loading[11]. As demonstrated in Figure 6, the
ductility index values for SFA concrete specimens demonstrate decreasing ductility and increasing brittleness with higher SFA
content within the concrete[5]. This suggests that as SFA content increases, the material becomes less capable of absorbing energy
through plastic deformations and is more prone to brittle fracture.
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Fig. 4. IMPACT RESISTANCE STRENGTH FOR VARIOUS SFA MIXED CONCRETE
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Fig. 5. DUCTILITY INDEX FOR VARIOUS SFA MIXED CONCRETE

I'V. CONCLUSIONS

In conclusion, this comprehensive study sheds light on the intricate interplay between Sintered Fly Ash (SFA) and various
mechanical properties of concrete pavement. The investigation underscores that while SFA incorporation leads to reductions in
compressive strength, abrasion resistance, and impact resistance, the resulting concrete mixtures continue to meet or exceed
required strength standards. These outcomes are attributed to the distinct characteristics of SFA, including its relatively lower
crushing strength, hardness, and weaker Interfacial Transition Zone (ITZ), all of which contribute to the observed changes in
mechanical behavior.

However, within these findings lies a potential avenue for innovation and sustainability in concrete pavement construction. The
reduced environmental impact of utilizing SFA, a byproduct of coal combustion, combined with its capability to enhance
permeability and thermal conductivity, introduces a paradigm shift towards more environmentally conscious infrastructure. While
some mechanical properties may exhibit reductions, the performance still aligns with the requisite standards for many applications,
thus suggesting a pragmatic compromise between mechanical robustness and sustainability.

The benefits of incorporating SFA in concrete pavement construction are far-reaching. By utilizing a waste material as a partial
substitute for conventional aggregates, the environmental burden associated with aggregate extraction is diminished. This not only
conserves natural resources but also reduces landfill waste. Additionally, the enhanced permeability and thermal conductivity
brought about by SFA contribute to improved drainage and temperature management, which are vital factors in maintaining the
durability and longevity of pavements.

In essence, the utilization of Sintered Fly Ash in concrete pavement presents a promising path forward, where a reduction in
certain mechanical properties is outweighed by the environmental benefits and improved material behavior in terms of
permeability and thermal conductivity. This study underscores the potential for a more sustainable approach to infrastructure
development, setting the stage for a more environmentally conscious and innovative construction industry.
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