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Abstract:

Nowadays, the world is concerned about saving nature, keeping CO, emissions lower, and searching for substitutes
for limited natural resources. The amount of waste glass (WQ) is increasing daily. Besides, sand is a finer natural
component of concrete. Both main components are Silica. Besides, by demolishing old buildings, a lot of old brick
aggregate is produced, which can be used as recycled coarse aggregate. In this research, recycled brick used as coarse
aggregate (RBA) and some percentages of sand (0%, 5%, 10%, 15%, 20%, 25%, 30%) are replaced by waste glass as
fine aggregate. About 60 cylinders have been made for 7 days and 28 days of testing. Besides the fresh properties of
concrete, some mechanical properties of RGBC (Recycled Glass Brick Concrete), like compressive strength, tensile
strength, and tests according to ASTM standards. The result shows that in terms of workability, it gives a similar trend
to sand. In 7 days and 28 days, the strength test shows a better strength up to 15% replacement of sand by glass. After
that, strength starts to fall.
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1. Introduction

1.1 General

Concrete is frequently used in modern civilization for making buildings as a building material. The properties of
concrete are durability, affordability, and accessibility. Aggregate must be supplied by cutting an enormous mountain
range or excavating aggregate quarries. Conversely, we are replacing low-rise buildings with high-rise ones and
tearing down concrete structures because they are deteriorating. More concrete waste will be produced in the future.
Bricks are frequently used as coarse aggregate in concrete, as there are few natural sources of stone aggregates
(Shajalal et al., 2021).

Every year, some 5,000 brick kilns around the nation manufacture 17.2 billion clay-burned bricks. Approximately 10
million tons of carbon dioxide are released into the atmosphere during the manufacture of these bricks (Islam et al.,
2017). Concrete waste recycling and reuse are critically and urgently needed. It has long been known that using
recycled concrete is an affordable way to recycle excess concrete and is especially advantageous for the long-term
sustainability of the construction sector.

The key materials in concrete are cement, water, and aggregates, both fine and coarse. As fine aggregate, we mainly
used sand. Fine aggregates are essential for concrete and mortar mixes, providing workability, filling voids, and
enhancing the overall structure. At the same time, the world is dealing with growing environmental issues brought on
by an increase in construction and demolition (C&D) waste, which includes large amounts of waste glass (Afshinnia
and Rangharaju, 2016). One potential remedy is to use finely crushed waste glass powder in place of some of the
natural river sand while making concrete. While the exact global sand usage for glassmaking isn't tracked as a single
metric, it's known that silica sand is the primary ingredient in glass production, making up around 70% of the raw
materials used (Safarizki et al., 2020). This large volume highlights the material's widespread use across various
industries and underscores the importance of effective glass recycling to manage waste sustainably. Bangladesh's
annual glass production capacity is 441,650 tons, with a significant portion used for containers in the food, beverage,
cosmetics, and pharmaceutical industries (Nety and Tanzil, 2013). In the past, Bangladesh relied heavily on imports,
but now local production meets the majority of the demand and even exports some. For making this huge amount of
glass, a huge amount is needed for making glass (Talukder et al., 2022)
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Silica is the main component of sand and glass. To create sustainable infrastructure systems that are affordable,
energy-efficient, and ecologically friendly, it may be crucial to use milled (ground) waste glass in concrete as a partial
substitute for cement. The use of glass powder will impact the compressive strength of concrete. When glass powder
is substituted for concrete, the concrete's compressive strength surpasses the design compressive strength and keeps
rising as more glass powder is added. After being soaked in sulphate solution for 28 days, the compressive strength
of specimens with varying amounts of glass sand replacement exceeded the design strength.

2. Literature review

Generally speaking, the mix design method for RGP is comparable to that of regular concrete. RGP absorbs a lot of
water, so more water is needed to get the same workability. Two portions of the water for RGP should be separated:
the first portion is calculated using the mix method for regular concrete (of comparable strength); the second portion
is calculated using the RGP's (usually the 10-minute) water absorption capacity, which is employed to make up for
the RGP's loss of collapse. These two portions of water are added to the actual mix. This approach has been widely
accepted.

1) Both bulk density and saturated-surface-dry (SSD) are low. RGP has a bulk density of 800 to 1700 kg/m?3
(approximately 0.029 to 0.061 Ib/in3). RGP generally has a Specific Gravity (SSD) in the range of 2.4 to
2.7. The bulk density of recycled glass powder.

2) Recycled glass powder absorbs a small amount of water; some studies say near-zero water absorption.
On the other hand, the water absorption of sand is 2.77%. Which is higher than RGP’s water absorption
(lbrahim et al., 2020)

3) When recycled glass powder is utilized as a fine aggregate in concrete, its porosity can reach
approximately 14.488%. Compared to normal concrete, which normally has a porosity of 15.065%, this
is lower. Samples with the smallest fraction (0.1-40 um) of waste glass at 30% achieved a 69% porosity
in one study (Salam et al., 2019)

The primary concern with concrete is its compressive strength because the material's structural uses directly rely on
its compressive strength characteristics. The use of RG as an alternative to fine aggregate (RGFA) in concrete has
piqued the curiosity of numerous researchers. The majority of them showed that concrete's compressive strength
significantly increases when 20-30% RG is used in place of fine aggregate, primarily sand (Arivalagan and
Sethuraman, 2021). Furthermore, they asserted that there isn't a discernible decrease in compressive strength as a
result of RGA's fine inclusion in the concrete. However, as numerous studies have shown, the strength characteristics
may deteriorate if the replacement amount rises above 30%. The fact that fine glass may fill the space between the
aggregate and raise the total compressive strength at a comparatively lower percentage may help to explain these
phenomena. However, because the fine glass has a smoother surface, a higher glass content in concrete results in less
bonding between the fine material, which might lead to a lower compressive strength (Ahmed and Rana, 2023)

2.1 Objective

To improve the material's mechanical qualities and environmental sustainability, recycled glass powder is used in
place of some of the sand in concrete. Reusing waste materials, such as recycled glass, can help minimize the amount
of natural resources used and the environmental impact of landfills. However, because there is less bonding between
the glass and cement, an excessive amount of glass may weaken the concrete (Terro, 2006).

1) Environmental Sustainability: By recycling glass waste that would otherwise take up landfill space,
replacing sand with recycled glass powder contributes to a more sustainable construction method by
lowering the amount of waste that is dumped in landfills (Akhtar and Sarmah, 2018).

2) Reduction of Natural Resource Consumption: Utilizing recycled glass powder lessens reliance on the
non-renewable resource of natural sand. By doing this, natural resources are preserved for future
generations (Abbas et al., 2021).

3) Improved Concrete Properties: Particularly at lower replacement levels (2.5-10%), recycled glass
powder can improve the compressive and flexural strengths of concrete, producing concrete with
qualities on par with or better than conventional concrete (Ling and Poon, 2011)

3. Methodology

Bangladesh's natural resources are limited, but the country's infrastructure is expected to continue developing rapidly.
The country's altered development scenario also suggests that old, low-rise buildings should be demolished and
replaced with high-rise ones to maximize land use. Local sand is used as fine aggregate, and recycled glass powder
is used as a partial replacement of fine aggregate, from which some tests are done, like specific gravity, water
absorption, unit weight, and sieve analysis, and the results are given in Table 1.
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Table 1: Properties of recycled glass powder

Materials Properties Value
Specific Gravity 1.64
Absorption 21.74
Recycled glass powder - - 3
(RGP) Unit Weight 900 kg/m
Fineness Modulus 2.9

Recycled material is not often used as fine aggregate; it should be sized as a fine particle. That’s why the grain size
distribution or sieve analysis test has been done to find the fineness modulus of recycled glass powder. The grain size
distribution curve of recycled glass powder is shown in Figure 1.
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Figure 1: Grain size distribution curve of recycled glass powder.
For using recycled glass powder as a fine aggregate, recycled glass should be crushed into fine particles. The recycled
glass powder should look like the given Figure 2.
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Figure 2: Recycled Glass Powder.

Day by day, Bangladesh is developing, and many high-rise buildings are being built, releasing space by demolishing
low-rise buildings. From this, we get recycled brick aggregate as coarse aggregate. Brick is made with soil, which is
a natural resource and a limited one. Recycled brick aggregate can save the environment through the economical and
effective management of solid waste generation. The fineness modulus of RBA is 7.2, which is like coarse aggregate.
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In most cases, old buildings are demolished to make high-rise buildings. From the demolished building, we can collect
recycled brick aggregate as a coarse aggregate in concrete. By managing generated demolition brick efficiently and
economically, recycling demolished concrete may further protect the environment. Recycled brick aggregate is shown
in Figure 3.

Figure 3: Recycled Brick Aggregate

For this research, sixty-three (8"x4") cylinders are cast. The tensile strength test in this case uses twenty-one.
Concrete's compressive and tensile strengths are measured using cylinders that include fresh local sand in multiple
sections mixed with recycled glass powder. Seven categories of concrete mix with (control, 5%, 10%, 15%, 20%,
25%, 30% Glass powder) and 100% RBA have been used, and testing times of cylinders are 7 and 28 days.
Additionally, the reference concrete and RGA engineering characteristics were contrasted. The water-to-cement (w/c)
ratio is 0.55, and the concrete mixing ratio is 1:1.5:3. Figure 4-A and 4-B show the mixing of concrete and curing of
the cylinder, respectively.

A, Mixing of Concrete o B, Curing of Cylinder (One batch)
Figure 4: Preparation of Concrete Cylinder
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4. Results and Discussions

RGA's compressive strength determines whether or not it will eventually reach the same level of strength as concrete
with regular strength. For this test, recycled waste glass was obtained with 100% recycled brick aggregate, and the
percentage of RGP is 5%, 10%, 15%, 20%, 25% and 30% respectively, to prepare concrete. Compressive strength in
28days 20.82 MPa (controlled with 100% RBA), 20.84 MPa (RGP 5%, RBA 100%), 21.11 MPa (RGP 10%, RBA
100%), 21.41 MPa (RGP 15%, RBA 100%), 21.32 MPa (RGP 20%, RBA 100%), 20.93 MPa (RGP 25%, RBA 100%)),
20.32 MPa (RGP 30%, RBA 100%) (please see Table 2 and Figure 6) and tensile strength in 28days 2.29 MPa
(controlled), 2.31 MPa (5%), 2.35 MPa (10%), 2.38 MPa (15%), 2.37 MPa (20%), 2.12 MPa (25%), 1.93 MPa (30%)
(please see Table 2 and Figure 7) were required from the specimens. When up to 15% of recycled glass powder is
used, the strength increases compared to controlled concrete. After adding more than 15% of recycled waste glass
powder, the concrete strength starts to decrease. The above test results are determined by the compression and tension
test by CTM, as shown in Figure 5.

Figure 5: Specimen Test (Compression & Tension)
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Figure 6: Comparison of Compressive Strength of RGP
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Figure 7: Tensile Strength with RGP
Table 2: Compressive Strength of various mixtures with RGP and RBA
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Compressive Strength (MPa)

Days | Controlled | 5% RGP 10% RGP 15% RGP 20% RGP 25% RGP 30% RGP
100% RBA | 100% RBA | 100% RBA | 100% RBA | 100% RBA | 100% RBA | 100% RBA
7 13.53 13.55 13.62 13.91 13.82 12.92 12.43
28 20.82 20.84 21.11 21.41 21.32 20.93 20.32

5. Conclusions
At times, the rapid development of construction and industrial works has occurred in recent years. Reusing recycled
glass powder to create new concrete is more likely from the perspective of environmental and sustainable

development, and as a result, it is also more economical.

Compressive Strength is increasing for adding glass up to 15%. Then started to decrease. For even a 30 % replacement
strength decreased by about 1-3% compared to fresh concrete. RGP can be a good option for replacing sand. Besides,
tensile strength shows a similar pattern for replacing sand with RGP.
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