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Effect of Waste Glass Powder on Bitumen Properties,
Mechanical Performance, and Moisture Resistance of Asphalt
Mixtures

1 Hala Hamza, > Musaad Ameer, * Suhaila Saeed

Ministry of Construction, Housing, Municipalities and Public Works/ Building Research
directorate, Baghdad, Iraq

Abstract

Glass waste had been considered one of the solid waste materials whose
quantities had continuously increased worldwide. The disposal of glass waste
had represented an environmental challenge due to its non-biodegradable
characteristics and its long-term persistence in the environment. Therefore, the
investigation of effective methods for recycling and reusing such waste
materials had become an important approach for achieving sustainability and
reducing the environmental impacts associated with their accumulation. From
this perspective, the incorporation of glass waste into asphalt mixtures had
represented an environmental and economic solution by reducing the amount
of disposed waste and improving some properties of asphalt mixtures used in
pavement construction.

The scientific significance of this study had been to evaluate the potential of
using waste glass powder as a modifying material in asphalt concrete and to
investigate its effects on the physical properties of asphalt binder and the
performance of asphalt mixtures.

The study had also aimed to clarify the effect of waste glass addition on asphalt
mixture characteristics, including stability, resistance to deformation,
volumetric properties, and moisture resistance, which had contributed to
developing more efficient and sustainable asphalt mixtures.

The objective of this study had been to determine the optimum percentage of
waste glass powder incorporated into asphalt binder and subsequently evaluate
its effect on the performance of asphalt mixtures compared with conventional
mixtures without waste glass. To achieve this objective, waste glass had been
crushed and sieved using a 100 um sieve, and then had been added to the
asphalt binder at percentages of 2%, 4%, 6%, 8%, and 10% by weight of the
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pure asphalt binder. After that, a series of rheological tests had been conducted
on the asphalt binder, including penetration, viscosity, ductility, and flash and
fire point tests, in order to determine the optimum waste glass powder content
based on the best obtained results.

After determining the optimum waste glass content, the optimum asphalt
binder content had been determined using the Marshall mix design method for
asphalt mixtures of the surface course. The asphalt mixtures used in this study
had consisted of 40—50 penetration grade asphalt cement obtained from Dhi
Qar refinery, aggregate with a nominal maximum aggregate size of 19 mm,
limestone dust as mineral filler, in addition to waste glass powder. The total
number of prepared specimens had been 21 specimens for the Marshall test
and 12 specimens for the indirect tensile strength test.

The performance of the asphalt mixtures had been evaluated through the
Marshall test to determine stability, flow, air voids, voids in mineral aggregate
(VMA), and voids filled with bitumen (VFB). Furthermore, the indirect tensile
strength test had been used to calculate the indirect tensile strength ratio (TSR)
for evaluating the moisture susceptibility of the asphalt mixtures.

The results had indicated that the asphalt mixture containing the optimum
percentage of waste glass had achieved a higher stability value compared with
the conventional asphalt mixture without waste glass. In addition, the waste
glass modified asphalt mixture had recorded a relatively lower flow value. The
results had also revealed that the indirect tensile strength ratio of the asphalt
mixture containing waste glass had increased by 3.5% compared with the
conventional mixture.

Keywords: Marshall Test, Indirect Tensile Strength (ITS), Waste Glass
Powder, Sustainable Asphalt Mixtures.
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. .S . SCRB
Test Unit Designation Test result . .
Specification
No.
Penetration @ (25°C, 100
1/1 D- 4
gm, 5sec) /10 mm > ! 40-50
Softening Point.(Ring &
Ball) © D-36 7
Rotational Vicosity mPa.s D-4402 300
Ductility @ (25, om D-113 150 >100
5cm/min)
Flash Point, (Cleveland
D-92 275 >232
open Cup) ©
After Thin-Film Oven Test ASTM D 1754
Retained l?e?etratlon of o D-5 64 =55
original
Ductility @.(25 C, em D-113 9% -5
Scm/min)
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Bulk Specific Gravity 2.78
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68.58% Si02
3% AL203
0.65% Fe203
1.9% SO3
9.02% CaO
5.89% MgO
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Sieve Openin . . Specification passin Mid-point
(mIII)I) ¢ Sieve Size ’ Range ("/f)* ¢ Gradat?on (%)
19 3/4" 100 100
12.5 12" 90-100 95
9.5 3/8" 76-90 83
4.75 No.4 44-74 59
2.36 No.8 28-58 43
0.3 No.50 5-21 13
0.075 No.200 4-10 7
*(SCRB R/9, 2003)

=t = Upper limit of
specification

80
e « Low er limic of /
sp ecification -

e Selacted Cradiarion

%9Passing by Weight of Aggregate

——
——

0.01 0.1 1 10 100

Seive Size Opening (mm)

Labul) Al dda) gal) 3 gas cla i (3) JS&
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