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ABSTRACT

Addressing the urgent demand for sustainable construction,
recent research has focused on using waste materials as alternatives in
asphalt production, offering both cost-effective and environmentally

sustainable enhancements.

The objective of this study is to evaluate the potential of using
sulfur waste (SW) as a substitute for the conventional mineral filler
(CaCO:s;) in hot and warm asphalt mixtures. To formulate Warm Mix
Asphalt, synthetic zeolite was incorporated into the bituminous binder
at a concentration of 5% by weight. Eight mixtures were crafted: For
the hot mixtures, one utilized the conventional filler (CaCO3), while the
other three incorporated sulfur waste at proportions of 4%, 5%, and 6%
by weight of aggregate. A parallel approach was adopted for the warm
mixtures, with one using the traditional filler and three others
containing varying proportions of SW. conducting evaluations through
a series of performance and durability tests including Marshall
Properties, static indirect tensile strength, tensile strength ratio, semi-
circular bending (SCB) at 25°C, and permanent deformation (Kim test)
at 60°C for both hot mix asphalt and warm mix asphalt.

The findings from the study indicate that the inclusion of
sulfur waste in varying proportions (4%, 5%, and 6%) has a
multifaceted impact on the mechanical properties of asphalt mixtures.
Notably, certain blends, particularly those incorporating 6% sulfur
waste, exhibit enhanced performance across various parameters such as
moisture damage, deformation strength, fracture energy, Marshall

Stability. These positive outcomes suggest the potential of these mixes,



especially those with a 6% sulfur waste content, to offer improved

compactibility and durability.

Examining specific data, it is evident that WMASW®6 stands
out with superior Marshall Stability at 60°C, registering a value of 14.71
kN, closely followed by HMASW6 at 14.65 kN. This implies that a 6%
sulfur waste content may indeed contribute to the improved stability of
both Warm Mix Asphalt (WMA) and Hot Mix Asphalt (HMA)
mixtures. Deformation strength also exhibits an increasing trend with
the inclusion of sulfur waste, peaking in WMASW6 at 8.80 MPa,

surpassing its counterparts in HMA mixtures.

Additionally, the Inherent Tensile Strength (ITS) benefits
from sulfur waste in both types of asphalt, with the highest performance
observed in HMASW6 at 60°C (1.015 MPa), closely followed by
WMASWG6 at 60°C (0.96 MPa). Turning our attention to the Tensile
Strength Ratio (TSR) results, the resistance of asphalt mixtures to
moisture-induced damage becomes a critical aspect of analysis. The
TSR criterion, set at 0.8, serves as a reference for evaluating the
performance of the mixtures under consideration. In the case of hot
mixtures, both HMA and HMASWG6 excel in moisture resistance,
exceeding the TSR threshold with values of 0.817 and 0.89,
respectively. However, HMASW4 and HMASWS5 exhibit heightened
sensitivity, recording TSR values of 0.65 and 0.785, respectively. In
warm mixtures, WMA and WMASW4 exhibit TSR values of 0.568 and
0.778, respectively. Remarkably, SW5 and SW6 mixtures surpass the
0.80 threshold, boasting values of 0.857 and 0.877, indicative of their
robust resistance to moisture damage. Notably, these warm mixtures

incorporating sulfur waste showcase an enhancement in TSR values
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compared to the reference WMA. Specifically, the TSR values in sulfur
waste mixes increased by 36.94%, 50.84%, and 54.46% for SW4, SWS5,
and SW6, respectively, emphasizing the positive influence of sulfur

waste on moisture resistance.
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