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Abstract
This study evaluates the performance of M40 grade concrete using plastic waste (0-20%) as a
fine aggregate replacement and fly ash (0-50%) as a cement substitute. Key parameters
assessed include compressive strength, split tensile strength (STS), flexural strength (FS), and
water absorption over curing periods of 7, 28, and 56 days.
Results show that compressive strength improves over time, with the highest strength (65 MPa)
at 56 days achieved with 15% fly ash and 5% plastic waste. However, mixes with high plastic
content (15-20%) exhibited reduced strength due to poor matrix bonding. Similarly, STS
increased with moderate fly ash and plastic content, peaking at 6.5 MPa at 56 days. High plastic
waste led to a noticeable drop in tensile strength.
Flexural strength followed a similar trend, with the best performance (10.0 MPa) observed at
56 days in the 15% fly ash + 5% plastic waste mix, indicating improved bending resistance and
long-term performance. The water absorption test confirmed that mixes with higher plastic
content and excessive fly ash had greater porosity, reducing durability. In contrast, mixes with
10-15% fly ash and 5% plastic waste showed lowest absorption (2.08%), indicating higher
density and improved durability.
In conclusion, a mix of 15% fly ash and 5% plastic waste offers the best balance of strength,
durability, and sustainability, supporting the use of eco-friendly concrete in sustainable
construction. Excessive plastic waste (>10%) compromises mechanical properties, while
moderate fly ash enhances long-term performance.
Keywords: Sustainable concrete, fly ash, plastic waste, compressive strength, tensile strength,
flexural strength, water absorption, M40 concrete, durability, eco-friendly construction.
Introduction
The utilization of waste materials in construction has become a significant focus in the quest
for more sustainable building practices. Two key waste materials that are gaining attention in
this regard are fly ash and plastic waste. Fly ash, a byproduct of coal combustion, has long been
used as a supplementary cementitious material (SCM) in concrete, offering benefits such as
improved durability, reduced shrinkage, and lower environmental impact. On the other hand,
plastic waste, which is a major environmental pollutant, is being increasingly explored as an
alternative aggregate or reinforcement in concrete. By incorporating recycled plastics, concrete
can be made more sustainable, with enhanced properties such as better workability, increased
durability, and a reduction in plastic pollution. Both fly ash and plastic waste present valuable
opportunities for waste valorization in the construction industry, contributing to a circular
economy while reducing the reliance on traditional materials.
1.1 Fly Ash in Concrete
Fly ash, a byproduct of coal combustion, is a promising alternative material for sustainable
construction. Its fine particles, rich in silica and alumina, react with calcium hydroxide in
cement to enhance concrete by forming additional calcium silicate hydrate (C-S-H). Fly ash
improves the durability and reduces long-term deformation in concrete. Bheel et al. (2020)
studied the combined effects of rice husk ash and fly ash on concrete's mechanical properties.
They found that the use of fly ash at a replacement level of 30% enhanced both compressive
strength and water absorption resistance after 28 days of curing. Nayak et al. (2022) reviewed
fly ash use in sustainable construction, emphasizing its role in reducing cement consumption.
They concluded that fly ash blends, especially those replacing up to 30% of cement, improve
the durability and strength of concrete over time, which is crucial for minimizing the
environmental impact of construction. Khankhaje et al. (2023) focused on pervious concrete
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and the incorporation of fly ash as a partial cement replacement. Their review found that fly
ash improved the mechanical properties and permeability of pervious concrete, making it more
sustainable for urban infrastructure projects. Huang et al. (2021) explored the use of fly ash
from thermal conversion of sludge as a cement substitute. Their findings showed that using fly
ash significantly improved the frost resistance and compressive strength of concrete, especially
when the fly ash content was kept at around 20-30%. Hafez et al. (2020) examined the
environmental and energy-saving benefits of incorporating fly ash and nanoadditives in
concrete. Their study showed that this combination enhanced the mechanical properties and
overall performance of the concrete, highlighting the potential for sustainable construction
practices.
Marshdi et al. (2020) studied the effect of fly ash combined with rice husk ash in pervious
concrete. They concluded that this combination significantly improved the strength and
sustainability of pervious concrete, with optimal replacement levels for fly ash being 20-30%.
Borges et al. (2020) analyzed the performance of concrete with high-volume fly ash
replacement (50-70%). They found that while high replacement levels delayed the initial
strength development, long-term strength and durability benefits were observed, making it
suitable for non-structural applications. De Maeijer et al. (2020) focused on ultra-fine fly ash
and its potential as a cement replacement. Their study found that ultra-fine fly ash enhanced
the durability and mechanical properties of concrete, with the best results seen at replacement
levels of 20-30%. Panda and Sahoo (2021) reviewed the effects of fly ash and Ground
Granulated Blast Furnace Slag (GGBS) in concrete. Their study indicated that replacing cement
with these materials improved concrete’s resistance to chloride penetration and its overall
environmental footprint. Sandanayake et al. (2020) compared fly ash with other waste materials
like rice husk ash in concrete. They concluded that fly ash's use as a partial replacement in
high-strength concrete provided both economic and environmental benefits, especially when
combined with other industrial by-products.
1.2 Plastic Waste in Concrete
Plastic waste, a non-biodegradable pollutant, is being explored as an alternative material for
sustainable concrete. Akram et al. (2015) explored the effect of using plastic waste as a partial
replacement for coarse aggregates in concrete at percentages of 5%, 10%, and 15%. The study
concluded that the use of plastic waste improved the workability of concrete, although the
strength was reduced as the replacement increased. However, concrete with up to 10% plastic
waste showed reasonable mechanical performance. Sabau and Vargas (2018) examined the
incorporation of e-plastic waste as a replacement for coarse aggregates. Their findings
indicated that replacing up to 30% of aggregates with e-plastic waste resulted in acceptable
compressive strength, but workability improved significantly, making it a sustainable option
for non-structural applications. Sambhaji (2016) focused on the effect of waste plastic in
concrete as aggregate replacement. Their work confirmed that up to 20% of plastic waste as
aggregate replacement provided a balance between strength and sustainability, although further
increases in plastic content resulted in a decrease in compressive strength. Al-Tayeb et al.
(2022) explored the use of plastic waste in concrete mixtures, substituting fine aggregates with
up to 40% plastic waste. The study showed that while plastic waste significantly improved the
workability of the mix, the strength of concrete decreased as the percentage of plastic waste
increased beyond 30%.
Ahmad et al. (2022) provided a comprehensive review on the use of plastic waste as both
aggregates and fibers in concrete. Their research concluded that plastic waste can serve as a
viable substitute, especially when used in lower proportions (10-20%) without compromising
the concrete's structural integrity.. Mohamedsalih et al. (2024) studied the effects of substituting
natural coarse aggregates with plastic waste. Their results indicated that up to 25% replacement
of coarse aggregates with plastic waste enhanced the workability and reduced the overall
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environmental impact without significantly affecting strength. Manjunath (2016) investigated
the use of mixed plastic waste as a replacement for fine aggregates. The study suggested that
up to 15% replacement could be used for low-strength concrete, though it showed limited
improvement in terms of durability and strength properties. Rahim et al. (2013) explored using
HDPE plastic waste as coarse aggregate in concrete. They found that the mechanical properties
of concrete reduced as the proportion of plastic waste increased, but the incorporation of plastic
waste reduced the overall weight of concrete, making it a potential material for lightweight
concrete applications. Shiuly et al. (2024) examined the replacement of both fine and coarse
aggregates with plastic waste in concrete. They reported that the incorporation of plastic waste
improved workability but negatively affected compressive strength beyond 30% replacement
levels. Safi et al. (2018) conducted a study on using plastic waste as aggregate in concrete.
They determined that the use of up to 20% plastic waste was feasible without a significant loss
of compressive strength, thus contributing to waste reduction and providing a sustainable
option for concrete production.
2. Experimental Study
In this study, a variety of materials were carefully selected and prepared to develop a
sustainable concrete mix. The primary binder used was Ordinary Portland Cement (OPC) 43
grade, with a specific gravity of 3.15, incorporated at 404.34 kg/m? to achieve desired strength
and durability. Fly ash (Class C), with a specific gravity of 2.2, was used as a partial cement
replacement at varying levels (0-50%) to enhance long-term performance and sustainability.
Natural river sand, serving as fine aggregate, had a specific gravity of 3.63 and fineness
modulus of 3.68, with a mix proportion of 940.79 kg/m?. Plastic waste, sourced from Ambala
and processed into fine granules, replaced sand at levels up to 20%, promoting eco-friendly
concrete. It had a specific gravity of 0.91 and a fineness modulus of 3.71. Crushed stone coarse
aggregates, with a nominal size of 20 mm, specific gravity of 2.62, and fineness modulus of
6.13, were used at 1062.07 kg/m? to ensure mechanical strength and load-bearing capacity.
Additional ingredients like water and superplasticizer were used to enhance workability and
overall performance of the mix.
2.1 Mix Design
The M40 concrete mix was meticulously designed to achieve a characteristic compressive
strength of 40 MPa while ensuring workability, durability, and environmental sustainability.
The design followed IS 10262:2019 and IS 456:2000 standards, incorporating Ordinary
Portland Cement (OPC 43 grade) as the primary binder and Class C fly ash as a partial cement
replacement at levels of 0%, 10%, 15%, 30%, and 50%. Locally sourced fine aggregate (natural
river sand) and coarse aggregate (20 mm crushed stone) were used, with a 61% coarse
aggregate ratio to ensure optimal gradation and structural integrity. Shredded plastic waste,
collected from Ambala, was used as a partial fine aggregate replacement at 0%, 5%, 10%, 15%,
and 20%, promoting sustainable construction practices by utilizing waste materials. The mix
adopted a water-to-cement ratio of 0.42 and a water content of 190 liters, which was reduced
to 169.82 kg/m?® through the use of a superplasticizer (1% dosage), enhancing workability
without compromising strength. Final mix proportions per cubic meter included 404.34 kg of
cement, 940.79 kg of fine aggregate, and 1062.07 kg of coarse aggregate. A total of 25 different
mix combinations were prepared based on varying percentages of plastic waste and fly ash,
allowing for a comprehensive evaluation of their influence on fresh and hardened concrete
properties.

Table 1: Concrete Mix design

Mix Name | Plastic | Fly | Fly Ash | Cement Plastic FA CA Water
Waste | Ash | (Kg/m®) | (Kg/m®) | waste | (Kg/m®) | (Kg/m®) | (Kg/md)
(%) | (%) (Kg/m®)
PWO0_FAOQ 0 0 0 404.34 0 940.79 | 1062.1 170
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PWO_FA10 0 10 | 40.434 | 363.906 0 940.79 | 1062.1 170
PWO_FA15 0 15 | 60.651 | 343.689 0 940.79 | 1062.1 170
PWO_FA30 0 30 | 1213 283.038 0 940.79 | 1062.1 170
PWO_FAS50 0 50 | 202.17 202.17 0 940.79 | 1062.1 170

PW5_FAOQ 5 0 0 404.34 47.04 | 893.75 | 1062.1 170
PW5_FA10 5 10 | 40.434 | 363.906 47.04 | 893.75 | 1062.1 170
PW5_FA15 5 15 | 60.651 | 343.689 47.04 | 893.75 | 1062.1 170
PW5_FA30 5 30 | 1213 283.038 47.04 | 893.75 | 1062.1 170
PW5_FAS0 5 50 | 202.17 202.17 47.04 | 893.75 | 1062.1 170
PW10_FAO 10 0 0 404.34 94.079 | 846.71 | 1062.1 170
PW10_FA10 10 10 | 40.434 | 363.906 | 94.079 | 846.71 | 1062.1 170
PW10_FA15 10 15 | 60.651 | 343.689 | 94.079 | 846.71 | 1062.1 170
PW10_FA30 10 30 | 121.3 283.038 | 94.079 | 846.71 | 1062.1 170
PW10_FA50 10 50 | 202.17 202.17 94.079 | 846.71 | 1062.1 170
PW15_FAO 15 0 0 404.34 141.12 | 799.67 | 1062.1 170
PW15_FA10 15 10 | 40.434 | 363.906 141.12 | 799.67 | 1062.1 170
PW15_FA15 15 15 | 60.651 | 343.689 141.12 | 799.67 | 1062.1 170
PW15_FA30 15 30 | 1213 283.038 141.12 | 799.67 | 1062.1 170
PW15_FA50 15 50 | 202.17 202.17 141.12 | 799.67 | 1062.1 170
PW20_FAO 20 0 0 404.34 188.16 | 752.63 | 1062.1 170
PW20_FA10 20 10 | 40.434 | 363.906 188.16 | 752.63 | 1062.1 170
PW20_FA15 20 15 | 60.651 | 343.689 188.16 | 752.63 | 1062.1 170
PW20_FA30 20 30 | 1213 283.038 188.16 | 752.63 | 1062.1 170
PW20_FA50 20 50 | 202.17 202.17 188.16 | 752.63 | 1062.1 170

The experimental program included a comprehensive series of tests to evaluate the fresh and
hardened properties of M40 concrete with varying levels of fly ash and plastic waste.
Workability was assessed using the slump test as per IS 1199:2018, ensuring the mix’s ease of
handling and placement. Mechanical properties were evaluated through compressive strength
tests on cube specimens (IS 516:2018), split tensile strength tests on cylindrical specimens (IS
5816:1999), and flexural strength tests on beam specimens (IS 516:2018) at curing ages of 7,
28, and 56 days. Additionally, water absorption tests were performed following ASTM C642
to assess porosity and durability. All tests were conducted under controlled laboratory
conditions to ensure accurate and reliable data for analyzing the impact of fly ash and plastic
waste on concrete performance.
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Figure 1: Experimental analysis

3. Results and Discussion
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Figure 0.1: Workability analysis

The workability trends observed in the results highlight a complex interaction between fly ash

and plastic waste. The optimum workability was found in mixes with 5-10% plastic waste

combined with 10-15% fly ash, where slump values remained between 75-100 mm, ensuring

good flowability while maintaining structural integrity. Additionally, some mixes with high fly

ash content (50%) and moderate plastic waste (5-10%) exhibited slump values above 90 mm,

likely due to the lubricating effect of fly ash counteracting the reduced cohesion caused by

plastic waste

3.2 Compressive Strength

The 7-day compressive strength results reveal noticeable variations across different concrete

mixes, influenced primarily by the replacement levels of plastic waste and fly ash. The recorded

compressive strength values range from 25 MPa to 40 MPa, indicating how these materials

impact the early-age strength development of concrete.

The compressive strength results indicated a clear relationship between plastic waste and fly

ash replacement levels. At 7 days, the compressive strength ranged from 25 MPa to 40 MPa,

with the highest strength recorded in mixes containing 10-15% fly ash and 5% plastic waste.

High fly ash replacements (30-50%) resulted in lower early-age strength due to the slow
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pozzolanic reaction. However, by 28 days, compressive strength improved, ranging from 40
MPa to 55 MPa, with optimal strength found at 15% fly ash and 5% plastic waste. At 56 days,
compressive strength values peaked at 50 MPa to 65 MPa, confirming that fly ash enhances
long-term strength development. Conversely, mixes with high plastic waste content (15-20%)
showed a notable reduction in compressive strength, as plastic disrupted the matrix bonding.
The optimal mix for compressive strength was found to be 15% fly ash and 5% plastic waste,
ensuring structural adequacy while maintaining sustainability.

7-Day Compressive Strength (MPa)

Figure 2: 7-day compressive strength analysis
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Figure 3: 28-day compressive strength analysis
56-Day Compressive Strength (MPa)
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. Figure 4: 56-day compressive strength analysis
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3.3 Tensile strength
7-Day Split Tensile Strength (MPa)
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Figure 5: 7-Day Split Tensile Strength
28-Day Split Tensile Strength (MPa)

6

g5

>3

=4

23

o

32

(5]

7 1

20

= Q O v QQ‘)QQ ‘)QQ Q‘)QQ
= QVQ?'\ Y*\Q??)Y"Q ?’ \ %QKYb <¢ Q/Y'Q‘Z’ Y*QYVQ \ <¢ Y> Yb?:’)
EESEVAAA q\%qx R @x@@x \Q/\m/@/@é\a@s@s@%@9&1@/(\9/@/@/

RRR R TIITITQPCT I RT IR

Mixes

Figure 6: 28-Day Split Tensile Strength
56-Day Split Tensile Strength (MPa)
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Figure 7: 56-Day Split Tensile Strength
The split tensile strength results followed a similar trend to compressive strength. At 7 days,
values ranged from 2.0 MPa to 4.0 MPa, with high plastic waste content significantly reducing
tensile strength due to poor adhesion between plastic particles and the cementitious matrix. By
28 days, spht tensile strength improved to 3.5 MPa to 5.5 MPa, and at 56 days, it peaked at 4.5
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MPa to 6.5 MPa. The best-performing mix contained 10-15% fly ash and 5% plastic waste,
achieving a balance between tensile resistance, durability, and sustainability. High plastic waste
(>10%) resulted in excessive loss of cohesion, reducing the split tensile strength beyond
acceptable limits.

3.4 Flexural Strength
7-Day Flexural Strength (MPa)
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Figure 8: 7-Day Flexural Strength analysis
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Figure 9: 28-Day Flexural Strength analysis
56-Day Flexural Strength (MPa)
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Figure 10: 56-Day Flexural Strength
Flexural strength tests revealed that plastic waste and fly ash significantly influenced the
bending resistance of concrete. At 7 days, flexural strength values ranged from 3.0 MPa to 6.0
MPa, while 28-day values varied from 5.0 MPa to 8.0 MPa. By 56 days, the flexural strength
was recorded between 6.5 MPa and 10.0 MPa, with the best performance seen at 15% fly ash
and 5% plastlc waste. The reduction in flexural strength at high plastic waste levels (15-20%)
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was attributed to increased voids and weaker bonding between aggregate and cement paste.
The recommended mix for achieving high flexural performance was 10-15% fly ash and 5%
plastic waste, ensuring structural resilience while maintaining sustainability.

3.5 Durability
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Figure 11: 56-day water absorption analysis
Water absorption tests conducted at 56 days demonstrated the effect of plastic waste and fly
ash on the permeability of concrete. The lowest water absorption (2.08%) was observed in
mixes with 10-15% fly ash and 5% plastic waste, indicating a denser and more durable concrete
matrix. High plastic waste replacement levels (>10%) led to higher water absorption values
(above 4.5%), suggesting an increase in porosity and reduced resistance to moisture ingress.
Similarly, excessive fly ash replacement (50%) resulted in higher absorption (above 5.0%),
confirming that while fly ash enhances long-term strength, excessive use may lead to increased
porosity. The optimal mix for durability was identified as 15% fly ash and 5% plastic waste,
achieving the best balance between low permeability, improved density, and environmental
benefits.
The findings from this study confirm that M40 concrete incorporating 10-15% fly ash and 5-
10% plastic waste offers an optimal balance between strength, durability, and sustainability.
While plastic waste above 10% negatively impacts mechanical properties, controlled use
within 5-10% maintains strength and contributes to environmental sustainability. Fly ash
improves long-term strength and durability, but excessive replacement (>30%) delays early
strength gain. Thus, a mix of 15% fly ash and 5% plastic waste is recommended for practical
applications, ensuring high strength, durability, and sustainable resource utilization.
This study highlights the potential for utilizing waste materials in concrete, reducing
dependence on natural resources, and minimizing plastic pollution, paving the way for eco-
friendly and cost-effective construction practices in the future.
Conclusion
This study successfully demonstrates the potential of incorporating plastic waste and fly ash
into M40 grade concrete to enhance sustainability without significantly compromising
mechanical and durability performance. Through comprehensive experimental analysis,
including compressive, tensile, and flexural strength testing, as well as water absorption
evaluations, the study identifies the optimal mix design that offers a balance between strength
development, workability, and environmental benefits.
The findings revealed that replacing cement with 15% fly ash and fine aggregate with 5%
plastic waste produced the most favorable results in terms of strength and durability. At this
level, the concrete achieved a peak compressive strength of 65 MPa, tensile strength of 6.5
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MPa, and flexural strength of 10 MPa at 56 days of curing values that meet or exceed the
requirements for M40 grade concrete. Moreover, this mix showed the lowest water absorption
(2.08%), indicating reduced porosity and enhanced durability.

However, the study also notes that higher plastic waste content (above 10%) negatively affects

the

concrete’s mechanical performance due to poor interfacial bonding between plastic

particles and the cementitious matrix. Similarly, high fly ash content (30—-50%) led to delayed
strength gain, especially at early ages, due to slower pozzolanic reactions. These outcomes
highlight the importance of maintaining optimal replacement levels to achieve durable and
structurally sound concrete.
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