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Abstract

The fast expansion of global infrastructure activities is an apparent consequence of the development. The focus
is on eco-friendly alternatives, such as concrete bricks, for soil bricks, in the context of sustainable construction.
The aim is to explore the potential of mitigating the carbon footprint and the depletion of natural resources
through the use of waste plastic, stone chips, gravel, and sand from Sylhet sand and river sand in concrete
blocks. This approach not only provides a durability alternative to traditional materials but also helps tackle the
plastic waste problem. It addresses some of the vital issues like the overall impact of durability, structural
performance, public perception, compliance with standards, and regulations. Some building projects demonstrate
the viability of using plastic in concrete bricks. These constructions serve as examples of innovative material
use, economic efficiency, and enhanced strength. The findings indicate that concrete bricks can serve for many
constructions works - a clear progress when compared to traditional construction materials. In general, this
method appears to address the issue of constructing durable structures and provides people with an opportunity
to eliminate plastic waste in an environmentally friendly manner.
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1 Introduction

The rapid growth of the construction industry, driven by urbanization and infrastructure expansion, has led to a
significant increase in the demand for construction materials such as cement, sand, and gravel. However, this
growing demand has exacerbated environmental concerns, particularly in relation to resource depletion, energy
consumption, and greenhouse gas emissions. Cement production alone accounts for approximately 8% of global
CO: emissions, while the indiscriminate extraction of sand from rivers has caused severe ecological disruption,
including riverbank erosion and biodiversity loss(Torres et al., 2017),(04_SandSust.Pdf, n.d.).

In parallel, plastic pollution has emerged as one of the most critical environmental challenges of our time.
Globally, 220 million tons of plastic waste—or 28 kg per person—will be produced in 2024. 69.5 million tons,
or one-third, of this waste will be improperly handled and wind up in the environment.(Safe, 2024) and only a
fraction being recycled—Ilarge volumes of plastic end up in landfills or natural ecosystems, persisting for
hundreds of years(Jambeck et al., 2015; Roland Geyer et al., 2017). In response to these dual challenges,
sustainable construction practices are increasingly exploring the integration of waste plastic into building
materials as a potential solution for both waste management and resource conservation.(Bernasconi et al., 2022;
Jambeck et al., 2015; Wu et al., 2022)

Among various sustainable materials, plastic sand bricks have gained notable attention due to their promising
mechanical properties, low water absorption, and contribution to the circular economy. Several studies have
demonstrated that integrating thermoplastics like polyethylene (PE), polypropylene (PP), and polyethylene
terephthalate (PET) into sand mixtures can produce bricks with compressive strengths ranging from 8 to 15 MPa,
depending on the plastic type and proportion(Bernasconi et al., 2022; Wu et al., 2022). These bricks exhibit
reduced water permeability and enhanced durability, making them suitable for non-load-bearing structures,
walkways, boundary walls, and wall decoration materials block(Lalitha et al., 2017; Siddique et al., 2008).

This study focuses on producing eco-friendly bricks using cement, 5-10 mm stone chips, gravel (<5 mm), Sylhet
sand (FM 2.67), river sand (FM 1.7), and 20% waste plastic (by volume). Sylhet sand, known for its higher
fineness modulus and strength, was combined with finer river sand to achieve an optimal aggregate blend. Prior
research has shown that the right combination of fine and coarse sands can enhance brick performance by
improving particle packing and reducing void content(Ahmed, 2016).

The objective of this paper is to develop a sustainable, cost-effective, and structurally viable brick that supports
the goals of green engineering while mitigating plastic pollution. This paper details the material characterization,
fabrication process, mechanical testing, and performance evaluation of the produced bricks. Ultimately, our
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findings aim to contribute to the growing body of knowledge in sustainable construction and circular material
design, offering practical insights for waste valorization and green infrastructure development.

2. Materials and Methods

This study was conducted with two types of bricks (Hollow and Plain) to assess the environmental impact and
performance of eco-friendly concrete bricks made with recycled plastic and locally available materials. Ordinary
Portland Cement (OPC), conforming to ASTM C150 standards, was used as the main binding material. Fine
aggregates consisted of a blend of 60% river sand with a fineness modulus (FM) of 1.80 and 40% Sylhet sand
with an FM of 2.67. Coarse aggregates included gravel (FM 4.44) ranging from 0-5 mm (40% by volume) and
stone chips (FM 6.19) ranging from 5-10 mm (60%).(Saud et al., 2025) The recycled plastic used in this study
was sourced in the form of blue granulated pellets, as shown in Figure 1. These granules were processed from
post-consumer plastic waste, primarily polyethylene, and manufactured to uniform sizes below 4 mm Figure 1.
With a fineness modulus of 4.44, the granules ensured consistent blending within the concrete matrix. Their
uniformity and stability made them suitable for replacing 2.5%, 7.5%, 12.5%, 17.5% and 20% of the total
aggregate.

v

To improve water resistance and durability, a commercial damp-proofing chemical was incorporated into the
mix at a dosage of approximately 1% by the weight of cement, as recommended by the manufacturer. A water-
cement ratio of 0.59 was maintained for all mixes, which is suitable for air-entrained concrete aimed at achieving
an average 28-day compressive strength of 3000 psi (20.7 MPa).(El-Metwally et al., 2023) All dry materials
were thoroughly mixed in a mechanical drum mixer. The damp-proof chemical was dissolved in the mixing
water and gradually added to the dry mix to ensure even distribution.

The prepared concrete was kept 1:1.15:2.23 ratio and poured into standard rectangular molds (9.5” x 4.5" x
2.75"), compacted manually, and left to set for 24 hours. After demolding, the bricks were cured in clean water
for 3, 7 and 28 days under ambient conditions. Various tests were conducted to assess the properties of the
bricks, including compressive strength using a universal testing machine in accordance with ASTM C39, water
absorption following ASTM C140, and dry density measurements. Visual inspection and dimensional checks
were also carried out to ensure consistency and quality. All tests were conducted in triplicate, and average values
were used in the analysis.(Yadav et al., 2024)

Figure 1: Recycled Manufactured Plastic

Figure 2. Eco-Friendly Brick casting a) Concreting in formwork, b) Slam test and ¢) Formwork open eco-
friendly brick

3. Results and Discussion

3.1. Compressive Strength

The compressive strength of both hollow and plain bricks was tested over different curing durations—
specifically at 3, 7, 14, and 28 days—using varying percentages of waste plastic. The results clearly show that
curing time and plastic content significantly affect the bricks' strength. With longer curing, the strength
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increases, while the addition of more plastic tends to reduce it. This is due to changes in the internal structure
and bonding capability of the materials used.(Raut et al., 2011)

In the case of hollow bricks, the highest compressive strength was observed when 2.5% of waste plastic was
added, reaching 6,423.13 PSI at 28 days. As the plastic percentage increased, a steady decline in strength was
recorded. For example, at 7.5% plastic, the strength dropped to 5,539.37 PSI, and by the time it reached 20%, it
had decreased significantly to 3,023.09 PSI. This reduction is likely because excessive plastic weakens the brick
matrix, creating voids and preventing proper bonding between cement and aggregates.(Edmund et al., 2019)
Plain bricks showed a similar trend, although they generally retained slightly better strength at higher plastic
levels than hollow bricks. At 2.5% plastic, the 28-day strength was 5,749.69 PSI, and it remained relatively high
at 7.5% with 5,563.38 PSI. However, beyond this point, the decline became more noticeable. By 20% plastic
content, the compressive strength dropped to 3,023.07 PSI—almost mirroring that of hollow bricks at the same
level. This suggests that while plain bricks might accommodate plastic a bit better due to their solid structure, the
negative impact of too much plastic is still evident. (Raut et al., 2011)

When comparing the two types of bricks, it is evident that both reach their peak performance at 2.5% plastic
content, making it the most effective level for maintaining strength while still integrating waste material. Beyond
this percentage, the compressive strength diminishes steadily. This behavior is attributed to poor bonding
between the plastic and the cementitious matrix, which becomes more pronounced as plastic content increases.
Moreover, plastic’s low water absorption may interfere with proper hydration of cement, leading to incomplete
curing. (Pathak et al., 2019)

The graphical representations in Figure 5 visually reinforce these findings. The bars for each curing day clearly
show increasing strength over time, while higher plastic content consistently corresponds to lower compressive
strength. The difference in strength between 3 and 28 days is significant for all plastic levels, highlighting the
importance of curing time in strength development. However, the downward slope in strength as plastic
increases is just as striking, reinforcing that plastic must be used sparingly to maintain brick quality.

To sum up, incorporating 2.5% waste plastic into bricks offers a promising way to recycle plastic without
compromising structural integrity. Beyond this point, the trade-off between sustainability and strength becomes
too steep. Therefore, for practical applications where strength is critical, keeping plastic content low is essential.
This approach allows for eco-friendly brick production while ensuring that the materials remain durable and
reliable in construction settings.(Edmund et al., 2019; Pathak et al., 2019; Raut et al., 2011)

Table 1. Hollow bricks strength table

V\Z (as:geFr’]racs)Iic Wet(&\g;lght Dry(\é\/ge)lght 3 Days 7 Days 14 Days 28 Days
2.50% 3.95 3.57 2,791.75 4,171.63 6,271.67 6,423.13
7.50% 3.84 341 2,640.84 3,983.29 5,813.61 5,539.37
12.50% 3.73 3.29 1,773.14 2,607.11 3,937.95 4,131.89
17.50% 3.62 3.21 1,622.23 2,439.93 3,613.39 3,729.59
20.00% 3.57 3.07 1,350.60 2,031.79 2,995.83 3,023.09

Table 2. Plain Bricks strength table

V\Z esiﬁegfaific WEt(I\% e)'ght Dry(\li\ge)'ght 3 Days 7 Days 14 Days 28 Days
2.50% 3.74 3.41 2,452.21 3,657.31 5,503.47 5,749.69
7.50% 3.63 3.29 2,376.76 3,541.15 5,331.71 5,563.38
12.50% 352 3.13 1,810.86 2,709.29 4,057.43 422953
17.50% 3.41 3.07 1,735.41 2,607.11 3,897.67 4,069.21
20.00% 3.36 3.01 1,200.24 1,917.69 2,883.03 3,023.07
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Figure 3. Graph of different days compressive strength test (a) Hollow Bricks and (b) Plain Bricks

3.2. Dry Density

The variation of dry density with curing time for different plastic content is illustrated in Figure 4(b). The results
indicate that the dry density of concrete decreases progressively as the percentage of plastic increases. Concrete
with 2.5% plastic exhibited the highest dry density throughout the curing period, reaching approximately 2,270—
2,280 kg/m? at 28 days. Conversely, the mix with 20% plastic content achieved the lowest dry density, around
2,000 kg/m3 at the same curing age. This decline can be attributed to the lower specific gravity of plastic
particles compared to natural aggregates, which reduces the overall mass per unit volume of the concrete matrix.
(Saud et al., 2025)

The effect of curing time on dry density was relatively moderate compared to the influence of plastic content. All
mixes showed a slight increase in density from 7 to 28 days due to continued hydration of cement and filling of
voids by hydration products. However, the mixes with higher plastic content, particularly 17.5% and 20%,
consistently demonstrated lower densities, confirming that excessive plastic replacement compromises the
compactness of the concrete.

In this investigation, incorporating a small percentage of plastic (2.5-7.5%) maintained satisfactory density
values, while higher proportions (above 12.5%) resulted in a more porous and lightweight concrete. This trend
aligns with the fundamental principle that the introduction of lightweight plastic reduces the self-weight of the
composite but can potentially influence its mechanical behavior.(EI-Metwally et al., 2023)
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Figure 4. Result of time on (a) dry density (b) compressive strength of concrete

3.3. Water Absorption

The water absorption capacity of both hollow and plain bricks over 60 days is presented in Figure 5. A clear
decreasing trend is observed for all mixes as curing time progresses, indicating that prolonged hydration reduces
the porosity of the brick matrix. This behavior is attributed to the continuous formation of hydration products
that gradually fill the capillary pores, limiting the ingress of water over time.(Saud et al., 2025)

For hollow bricks (Figure 5a), the initial water absorption ranged between approximately 14-15% for the 20%
plastic mix and 11-12% for the 2.5% plastic mix. By the 60th day, these values decreased to about 9-10% and
6%, respectively. Hollow bricks with higher plastic content exhibited greater water absorption due to the reduced
particle packing density and the lower bonding between plastic and the cementitious matrix.(EI-Metwally et al.,
2023)

A similar trend is evident in plain bricks (Figure 5b), though the overall water absorption percentages were
slightly higher than those of hollow bricks, ranging from around 17-18% at early ages for the 20% plastic mix to
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about 12% for the 2.5% plastic mix. After 60 days, these values reduced to approximately 11% and 7%,
respectively. The higher absorption in plain bricks compared to hollow bricks is primarily due to the absence of
voids that facilitate better compaction and lower effective surface area in hollow units.(Yadav et al., 2024)

In this study, the inclusion of plastic increases the water absorption capacity of bricks, with the highest
absorption observed in bricks containing 20% plastic. However, the consistent reduction over time highlights the
beneficial role of prolonged curing in enhancing the durability and reducing the permeability of the bricks.
Optimal plastic content (2.5-7.5%) strikes a balance between sustainability and durability, while excessive
replacement results in higher porosity and water absorption.(Devi et al., 2024)
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Figure 5. Water Absorption Capacity for (a) Hollow Brick and (b) Plain Brick

3.4. Impact on Environment
This research investigates the amount of plastic produced globally. Every year, the waste plastic produced show
in Figure 6 (a) frequently decrease the plastic use. (UNEP, 2024) On the other hand, the amount of bricks
produced globally was over 1.6 trillion bricks in 2023, with Asia-Pacific taking over 50% of the global market
due to rising urbanization in China and India. Clay bricks dominated consumption at 41%, followed by concrete
and fly ash. (Reports, 2024) In this situation, if the materials of 20% waste plastic are used in these bricks, the
quantity of 0.32 trillion volume of bricks equals the plastic decrease from the environment. Another is the
cement quantity deducted from the quantity of bricks. The plastic used on concrete bricks decreases the volume
of 20% of the plastic requirement for binding the cement quantity decrease from concrete bricks. The CO;
emission every year show a figure in 6 (b)(Statistic_id1299532_global-Co%E2%82%82-Emissions-from-
Cement-Manufacturing-1960-2023, n.d.) where the materials 20% decrease the quantity of cement also
decreases. The binding materials of cement reduced for 20% of materials of around 218 million ton of cement.

Cement share = (1/4.38) = 0.228= 22.8%

Cement reduced=20% x Cement total

Total materials=1.6 x 1012 x 3Kg= 4.8 x 1012 Kg = 4.8 billion ton

Cement share = 22.8%

Cement total=0.228x4.8 billion tons ~1.094 billion tons

Reduction (20%) = 0.20x1.094 billion tons = 219 million tons
In this data show every year CO, emission reduced for produce 219 million tons cement production. The quantity
of Co, emission reduced possibly 85.41 million metric tons for 1.6 trillion bricks production. Emission factor =
(1,600 million tons CO-) / (4,100 million tons cement) ~0.39 tons CO- per ton of cement.
CO:z Emissions for 219 million tons of cement= 219x0.39=85.41 million metric tons of CO-
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Figure 6. (a) Annual Plastic waste & (b) Co, emission on the environment.
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4. Conclusion
This study demonstrates that incorporating waste plastic into hollow and plain bricks can produce durable, eco-
friendly construction materials. Although increasing plastic content slightly reduces compressive strength and
raises water absorption initially, all bricks showed consistent strength gain and decreased water uptake with
curing time. Bricks containing up to 20% waste plastic maintained acceptable mechanical properties and
moisture resistance after proper curing. This approach not only diverts plastic waste from the environment but
also reduces the demand for traditional raw materials, supporting sustainable construction practices. Overall,
waste plastic bricks present a promising solution for eco-friendly building materials that balance environmental
benefits with structural performance.
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