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Abstract

This study investigates the incorporation of glass waste as a partial replacement for coarse aggregate in brick
aggregate concrete (BAC) to promote sustainable construction practices through the reuse of industrial wastes.
Properties of constituent materials were tested, and even though most parameters met standard requirements, the
high elongation and flakiness indices of glass chips exceeded permissible limits. Concrete was prepared using a
volumetric mix of 1:1.5:3 and a water-to-cement ratio of 0.55, partially replacing the coarse aggregate with glass
waste at 0%, 10%, 25%, and 50% by volume. Cylindrical specimens of 100x200mm were cast and tested for fresh,
mechanical, and durability properties. Test results revealed a gradual decrease in compressive strength with
increasing glass content, showing a reduction of 13% at 50% glass replacement compared to control BAC at 90
days. Similarly, split tensile strength, modulus of elasticity, and water absorption showed reductions, while
Poisson’s ratio increased consistently with glass content. Despite a decline in strength with increasing glass
content, only the 10% GW mix met the minimum compressive strength requirement at 28 days. Overall, GW as a
partial replacement of coarse aggregate can be effectively used in BAC up to 10% for sustainable concrete,
balancing strength and workability.
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1 Introduction

Concrete stands as a cornerstone material in civil infrastructure, valued for its adaptability, strength, and ease of
use. However, the ever-growing demand for concrete has led to excessive extraction of natural aggregates, placing
significant stress on the environment. It is estimated that over 13 billion tons of natural aggregates are consumed
globally each year for concrete production (Mohammed et al., 2015). This enormous scale of extraction contributes
not only to landscape degradation and biodiversity loss but also adds to the carbon footprint associated with
material processing and transportation (Gartner, 2004). The construction sector is responsible for nearly 40% of
global resource utilization and contributes approximately 30% of total greenhouse gas emissions (Adams et al.,
2019), underscoring the urgent need to explore sustainable alternatives. Aggregates typically constitute about 75%
of concrete’s volume (Gambhir, 2013), and in many developing countries like Bangladesh, the unavailability of
high-quality natural stone aggregates near construction zones exacerbates costs and logistical challenges.
Meanwhile, global glass production is estimated to exceed 130 million tons annually (Statista, 2024), and a
significant portion of this, around 28 million tons per year, ends up as waste (Gautam et al., 2012). In many
countries, only about 21-30% of this waste is successfully recycled, with the remainder either landfilled or left
unmanaged, leading to persistent environmental concerns.

As aresult, brick aggregates, a common local substitute, have gained prominence. Despite being locally accessible,
the continued reliance on fired clay bricks is not without its drawbacks, particularly in terms of environmental
sustainability. Hence, there is a critical need to shift toward secondary or recycled materials that reduce the
environmental burden while maintaining the functional integrity of concrete. Among the emerging alternatives,
glass waste (GW) has drawn considerable interest. Glass, being non-biodegradable and chemically inert, poses a
long-term disposal challenge, making its integration into construction materials a promising avenue for sustainable
development.

Recent studies have explored the incorporation of crushed glass as a partial replacement for natural aggregates in

concrete (Du and Tan, 2014; Shayan and Xu, 2006; Taha and Nounu, 2009). Findings suggest that up to 30-50%
replacement of coarse aggregate or fine aggregates with processed glass can yield satisfactory strength and
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durability characteristics, provided issues such as alkali-silica reaction (ASR) are adequately mitigated. Unlike
plastic, glass particles exhibit better bonding potential with cementitious materials due to their rigid and angular
morphology, although they still exhibit brittle failure modes. Furthermore, the use of waste glass not only diverts
significant amounts of non-biodegradable material from landfills but also reduces the dependency on virgin
aggregates, thus promoting circular economy practices within the construction sector.

Although many studies have been performed on concrete with glass waste (Du and Tan, 2014; Islam and Shahjalal,
2021; Shayan and Xu, 2006; Taha and Nounu, 2009), these studies used stone chips as the coarse aggregate.
However, research on the properties of concrete using brick aggregate with glass waste as a partial replacement of
coarse aggregates is still lacking, which leaves a significant gap in understanding the combined behavior of brick
aggregates and glass waste. In regions like Bangladesh, where brick chips are commonly used in lieu of natural
stone, it is essential to evaluate how glass aggregates interact with such a matrix. To bridge this research gap, the
present study investigates the properties of brick aggregate concrete containing glass waste as a partial replacement
of coarse aggregate.

2 Materials and Methodology

2.1 Materials

To conduct the experiment, locally sourced bricks were manually crushed and sieved to obtain coarse aggregates
of size <19 mm. Natural River sand was used as fine aggregate. Crushed glass waste (GW), collected from post-
consumer bottles and containers, was used as a partial replacement for coarse aggregate. The glass particles were
angular and ranged in size from 4.75 mm to 19 mm, as recommended by (Taha and Nounu, 2009). Portland
Composite Cement (brand: Crown Cement), readily available in Bangladesh, served as the binder, while potable
laboratory water was used for both mixing and curing.

2.2 Tests on Materials

Several laboratory tests were conducted in accordance with ASTM and BS standards to assess the physical
properties of all constituent materials. Table 1 outlines the test methods and resulting characteristics, including
specific gravity, water absorption, and particle shape of the glass waste (GW). The oxide analysis of Portland
Composite Cement confirmed its classification as ASTM Type Il, as shown in Table 2. Comparable properties of
recycled glass aggregates were previously documented by several authors (Islam and Shahjalal, 2021; Topcu and
Canbaz, 2004), supporting the suitability of GW for structural concrete applications.

Table 1. Characteristics of materials.

Coarse aggregate Fine aggregate PCC
. Brick chips GW RS Islam
Properties of Test standard Islam and Islamand  Present and
materials Present hahialal Present ~ Topgu and Present hahialal d Shahialal
study Shahjala study Canbaz (2004) study Shahjala study anjaa
(2021) (2021) (2021)
Fineness
modulus (FM) ASTM C136 (2001) 7.28 6.54 7.75 6.5 261 2.56 - -
Unit weight
(kg/m?) ASTM C29 (1997) 1252 - 1348 - 1485 - - -
Spec'{g’rf)ra"”y ASTM C128 (2001) 252 1.97 1.96 24 266 237 - -
Water
absorption (%) ASTM C127 (2001) 10.9 15.06 0.04 0 3.35 34 - -
Specific gravity BS 812 (1995) - - - - - - 3.12 29
o
Bulk density
(kg/m?) BS 812 (1995) - - - - - - 1450 -
Normal
consistency (%) ASTM C187 (1998) - - - - - - 32 -
Setting time ASTM C191  Initial - - - - - - 210 124
(min) (2001) Final - - - - - - 335 210
Compressive (ASTM C109 3d - - - - - - 13.68 22.3
strength (MPa) (2016) 28d - - - - - - 384 39.2
Table 2. Chemical compositions of PCC.
Name of binder Oxide composition (%) Reference
ame ot binde S0, CaO  Fe0; ALO; Mg0 NaO SO, K0 LOI
PCC 20.61 64.8 3.29 4.75 18 0.2 24 0.39 1.74 Present Study
PCC 23.79 51.63 341 8.36 1.67 - 2.24 - 3.17 Islam and Shahjalal (2021)
PCC (ASTM Type II) — — - - <6 - <4 — <5 ASTM C150 (2004)
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2.3 Preparation and Mixing of Materials

Initially, brick chips and glass waste (GW) were pre-wetted to ensure surface saturation, minimizing water
absorption during mixing. The GW, crushed to 4.75-12.5 mm, was used to partially replace the brick aggregates
at defined proportions. All materials, including Portland Composite Cement, river sand (in SSD condition), and
aggregates, were placed into a rotary mixer and blended for 2 to 3 minutes. Concrete mix was prepared at water-
cement ratios of 0.55, maintaining a 1:1.5:3 volumetric ratio.

2.4 Workability and Casting of Specimens

Following the mixing process, workability was assessed using the slump test in accordance with ASTM standard
(ASTM C143, 2000) to evaluate the effect of varying glass waste (GW) content. Concrete with up to 50% GW
replacement was tested. Steel cylindrical molds (100 mm x 200 mm) were internally lubricated with Mobil oil and
tightly secured. Freshly mixed concrete was then cast into the molds as per ASTM standard (ASTM C31, 2003)
and left undisturbed at room temperature for 24 hours. Subsequently, the specimens were carefully demolded,
labeled, and placed in a curing tank for further hydration and strength development.

2.5 Tests on Hardened Specimens

A total of 150 steel cylindrical molds (100 mm x 200 mm) were cast using a water—cement ratio of 0.55 to evaluate
the hardened properties of BAC incorporating glass waste (GW). Twelve specimens were tested for hardened
density in accordance with the ASTM standard (ASTM C642, 2006). Compressive strength and splitting tensile
strength were assessed at 7, 14, 28, and 90 days on 72 specimens using a universal testing machine, following
ASTM standards (ASTM C39, 2003) and (ASTM C496, 2004), respectively. The modulus of elasticity and
Poisson’s ratio were determined on twelve 28-day specimens as per ASTM standard (ASTM C469, 2002), using
dial gauges to record axial and lateral deformations. Additionally, twelve specimens were analyzed at 7 days for
water absorption and porosity, adhering to the ASTM standard (ASTM C642, 2006) and the procedure outlined
by previous authors (Rukzon and Chindaprasirt, 2013). Each property was evaluated using triplicate specimens
per mix to ensure result consistency. Glass aggregates ranging from 4.75 mm to 12.5 mm were used throughout,
as recommended by previous authors (Taha and Nounu, 2009).

3 Results and Discussion

3.1 Workability of BAC with GW

Figure 1 illustrates the workability of BAC with GW. The figure reveals that slump values progressively increased
with higher percentages of GW. The slump measured 65 mm for the control mix (0% GW), increasing to 70 mm,
76 mm, and 125 mm for 10%, 25%, and 50% GW, respectively. This upward trend is attributed to the smooth and
non-porous nature of glass particles, which reduce internal friction and water absorption during mixing. This
finding is consistent with previous studies (Taha and Nounu, 2009). The authors highlighted improved workability
in concrete incorporating recycled glass. Therefore, it is concluded that the incorporation of GW into BAC
improved workability due to glass smoothness.
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Figure 1. Slump of BAC incorporating GW.

3.2 Mechanical Properties of BAC with GW

Figure 2 shows the influence of glass waste (GW) on the mechanical properties of brick aggregate concrete (BAC).
Figure 2(a) illustrates that both compressive and split tensile strengths declined with increasing GW replacement,
irrespective of curing age. At 28 days of curing, the compressive strength measured 18.57 MPa for the control mix
(0% GW), decreasing to 18.37 MPa, 15.3 MPa, and 14.69 MPa for 10%, 25%, and 50% GW replacement,
respectively. The maximum strength reduction of 24.80% at 7 days of 50% GW replacement can be attributed to
the weaker interfacial transition zone (ITZ) between the glass particles and cement matrix, as well as the lower
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intrinsic strength of glass compared to conventional brick aggregates. This trend aligns with prior studies (Du and
Tan, 2014; Ismail and AL-Hashmi, 2009). They reported similar reductions due to the smooth surface and brittle
nature of glass aggregates. Similarly, a comparable decline at 28 days, was observed in split tensile strength, with
values of 2.42 MPa, 2.12 MPa, 2.02 MPa, and 1.94 MPa for 0%, 10%, 25%, and 50% GW, respectively. The
maximum reduction, approximately 25% at 14 days of 50% replacement, underscores the poor adhesion between
glass particles and the cementitious binder (Du and Tan, 2014; Ismail and AL-Hashmi, 2009). The brittleness of
glass further exacerbates crack propagation, contributing to lower tensile performance. In Figure 2(b), the modulus
of elasticity declined with increased GW content, dropping from 16.34 GPa (control) to 15.88 GPa at 10% GW
after 28 days. Conversely, Poisson’s ratio rose consistently from 0.28 to 0.62, indicating greater lateral deformation
and enhanced ductility. This suggests a less brittle failure mode, aligning with the previous findings (Saikia and
De Brito, 2014). The incorporation of GW into BAC reduced compressive strength, splitting tensile strength, and
modulus of elasticity. Although strength decreased with increasing GW content, all mixes exceeded the minimum
compressive strength requirement of 17.25 MPa at 90 days (ACI 318, 2019). However, at 28 days, only the mix
containing 10% GW met the minimum requirement of 17.25 MPa (ACI 318, 2019). Therefore, GW can be
effectively used in BAC as a partial replacement of coarse aggregate up to 10% for sustainable construction,
thereby maintaining a balance between strength and workability.
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Figure 2. Mechanical properties of BAC incorporating GW.

3.3 Durability Properties of BAC with GW
Figure 3 demonstrates the porosity and water absorption of BAC incorporating GW.
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Figure 3. Porosity and water absorption of BAC incorporating GW.
The figure illustrates a decrease of water absorption with increasing GW replacement, while there was an increase
in porosity with an increase of GW replacement. Water absorption decreased from 10.9 to 8.28 from 0% to 50%

GW replacement, while porosity climbed from 18.80 to 21.97, respectively. These increases are likely due to ITZ
disruptions caused by angular and impermeable glass particles (Saikia and De Brito, 2014; Gautam et al., 2012).
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Therefore, the incorporation of GW reduces water absorption, but the concurrent increase in porosity may be
attributed to a trade-off influenced by the altered microstructure and ITZ characteristics (Lee et al., 2011).

4 Conclusions

Based on the experimental results, the following conclusions have been drawn from the present study:

e The workability of BAC progressively increased with higher percentages of GW.

e  The compressive strength of BAC incorporating GW decreased by 14.00-24.8%, 13.29-21.17%, 1.10-
20.89%, and 3.10-12.79% relative to control concrete after 7, 14, 28, and 90 days of curing, respectively.

e The split tensile strength of BAC incorporating GW also decreased by 2.38-16.67%, 11-24.57%, 12.39-
19.83%, and 13.71-21.74% relative to control concrete after 7, 14, 28, and 90 days of curing, respectively.

e  The modulus of elasticity decreased and Poisson’s ratio increased by 0.36-2.71% and 35.00-121.42%,
compare to the control concrete after 28 days of curing, respectively.

e Water absorption decreased by 4.95-24.04%, while porosity increased by 3.51-16.86%, respectively, after
7 days of curing age.

e Overall, 10% GW content seems to be the optimal limit for BAC, as it meets the minimum strength
requirements for structural concrete specified by the ACI committee. However, extended studies are
essential to fully assess its impact on long-term mechanical performance and durability properties.
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