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Abstract: This research seeks to solve the multi-faceted problem of waste disposal by analysing
the application of waste plastic and tyre material within non-structural concrete to ensure more
sustainability and less environmental degradation. The study focusses on material properties,
including specific gravity, water absorption, and bulk density and characteristics of the concrete that
is produced by the utilization of the above waste aggregates, including workability, compressive
strength, flexural strength, and tensile strength. This paper employs results from published past
research from the literature and MATLAB (R2021b) in the analysis of the findings, pointing to the fact
that the mechanical properties reduce with the level of waste content yet emphasizing the green aspect
of such materials. Thus, a complex and diverse effect is demonstrated by the life cycle assessments
(LCA) for global warming, ozone depletion, terrestrial ecotoxicity, and acidification. Furthermore,
the utilization of waste materials decreases the compressive, flexural, and tensile strength, but it
provides distinct ecological benefits which prove the importance of proper mix proportions for
concrete performance. The outcomes of this research will be useful for further investigation in the
application of the concept as well as to call for the development of new ideas for the improvement of
bonding of wastes to aggregates in concrete.

Keywords: waste plastic; tyre materials; waste; non-structural concrete; mechanical properties;
sustainability; life cycle assessments (LCA)

1. Introduction

The increase in the volume of waste plastics and in the pressure, they exert on the
environment have become vital world issues. Present research has identified that in the
current world, the generation of plastic waste is about 353 million tonnes per year, with
only 9% being recycled and the remaining 91% forming pollution and landfill [1]. This is a
critical matter which requires significant attention and further definite actions in order to
reduce its impact. At the same time, the use of electronic devices has also contributed to
the generation of this waste through their disposal, and it is estimated that electronic waste
ranges between 20 and 50 million tonnes globally [2]. Indeed, this poses a double burden,
which highlights the importance of efficient methods of waste management for plastics as
well as electronics.

Tyre waste is among the major forms of waste that have a negative impact on the
immediate environment. In Australia, about 459,000 tonnes of used tyres are disposed of
every year, and these come with potentially dangerous hazards like pollution, fire outbreak,
and harm to the environment [3,4]. Therefore, the question of how to deal with this
rising waste stream efficiently is critical to bestowing environmental sustainability to the
future. One such approach includes using scraps and waste like used tyres in construction
applications, especially in making concrete.

Recent works have also focused on the viability of incorporating waste tyres in concrete
in a bid to recycle waste and enhance material properties. Use of tyre rubber in concrete
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has been found to have its advantages and disadvantages. Although it can enhance
some characteristics such as earthquake performance and sound insulation, it commonly
decreases compressive and tensile strength [5]. This fine line between the material makes
up and the intended application requires specific investigations to enhance the use of waste
materials in concrete production.

The use of waste materials in non-structural concrete offers a complex solution to
both environmental and economic issues. To make concrete, natural aggregates can be
replaced with waste plastic and tyres since it has environmental benefits and may help
limit various costs [6]. However, this approach is not without its disadvantages. Several
research have established a progressive reduction of the compressive strength of concrete
with the incorporation of waste materials [7]. The size distribution of the waste mate-
rials and the incorporation of superplasticizers are other factors that influence concrete
characteristics [8,9].

However, the use of waste plastic and tyre rubber in concrete still holds great potential
with regards to solving waste issues and environmental problems. Cement and concrete
chemists ensure optimal combination of concrete mixtures that can result in lesser strength
and at the same time can gain environmental advantage [5].

The goals of this research are broad and encompassing in their approach. These
include establishing the physical characteristics of waste plastic and tyre aggregates; as-
sessing the usability of concrete mixtures containing waste plastic and tyre aggregates as
reinforcements; and determining the concrete’s compressive strength, tensile strength, and
flexural strength. Additionally, the research seeks to assess changes in life cycle assessments
(LCA) parameters with varying waste content percentages and recommend appropriate
proportionality for non-structural concrete blends. The relevance of this research is high-
lighted based on optimum use of waste material like plastic and tyre rubber aggregates
in building construction. Through examination of the material properties of these waste
aggregates and their effect on the workability and strength of concrete, the study aims
to improve the efficiency and sustainability of non-structural concrete. Furthermore, the
lifecycle assessment shall reveal the environmental concerns which will be useful in the
development of green concrete.

The use of waste materials, especially tyre and plastic waste in non-structural concrete,
has attracted a lot of interest in the recent past. Due to their characteristics, these waste
materials can be used as a substitute for conventional aggregates in concrete mainly for
non-structural uses such as pavements, sidewalks, and landscaping. Measurements of the
performance mechanisms of non-structural concrete with tyre and plastic waste need to be
taken in order to determine its feasibility and sustainability.

Knowledge of the physical characteristics of waste materials is essential to their ability
to be used in concrete. For instance, plastic waste has been researched widely as a concrete
aggregate material. Some of the studies have suggested that plastic waste can improve the
performance of concrete in terms of strength, durability and workability [10]. However,
there are limitations like low specific gravity of plastic compared to mineral aggregates and
influence of particle size on the bond between particles and concrete matrix [11]. The other
factor that arises from the study is the chemical type of plastic waste which influences its
compatibility with cement and other materials [12].

Tyre waste, which varies in its rubber content and particle size, also has its own
prospects and difficulties. Some of the benefits that have been realized from rubberized
concrete are better workability and abrasion resistance. However, rubber always decreases
compressive and flexural strengths [13]. Some of the surface treatments include washing
of the rubber surface with sodium hydroxide solutions, which improves the interaction
between the rubber surface and the cement [14,15].

The disposal and management of solid waste, for instance used tyres continues to
be a challenge. Tyres have risk factors—for example, the ability to hold water—leading
to mosquito breeding, and emit pollutants when burnt [16,17]. According to Mohammed
et al. [18] billions of tyres are dumped worldwide annually raising concerns on environmen-
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tal pollution and appropriate disposal. The above disadvantages could however be offset if
tyre waste was well incorporated into concrete to produce useful construction materials.

Non-structural concrete, which is used in walkway, driveway, and ornamental work,
can provide an opportunity to dispose of waste materials. Non-structural concrete is a
generic word for all the concrete products that do not carry loads, but play substantial
role in performance, functionality or aesthetics, or protective parts of the construction.
While the weight-bearing capacity of non-structural elements is low, their functional impor-
tance is high since they contribute to the increase of infrastructure’s life span, safety levels
and aesthetic standards. These should have traits such as a high level of versatility and
ease of placing. As for this type of concrete, the functionality, durability, and aesthetics
should be in harmony. The use of recycled aggregates and supplementary cementitious and
waste materials in non-structural concrete has numerous ecological advantages, including
sustainable construction and environmental protection [19]. Studies on the performance
mechanisms of non-structural concrete with plastic and tyre waste are directed towards
improving ecological efficiencies and minimizing pollution levels across the globe. It is
therefore important to appreciate how these waste materials affect concrete characteristics
like workability, durability, and strength. Literature has established that incorporation of
plastics and tyres decreases the strength of compression while use of tyre debris affects
workability and durability [20,21]. However, successfully integrating these systems re-
quires knowledge of the ideal mixture compositions as well as the processes governing
their interaction.

The key focus of this study is to design concrete mixtures that use waste plastic and
tyres in their production while considering the mechanical properties and environmental
impact. The focus of this work is to present guidelines for the use of these waste materials
in non-structural concrete through the assessment of the material properties, workability
and strength of the various concrete mixtures. This research is significant in expanding
the knowledge of the use of waste materials in concrete production with the intention of
improving the environmental status of the construction industry.

2. Proposed Approach

The research is focused on integrating plastic and tyre waste materials into non-
structural concrete. It is emphasis on the rising concerns relating to environmental issues
and the need for environmentally efficient construction techniques. The tendency of this
research work is to provide a detailed assessment of the properties and performance
behaviour of waste materials in concrete. This investigative approach entails the collection
of data, performance of different tests and the use of the MATLAB software (R2021b) in the
evaluation of the data gathered. There is list of properties are assesses including specific
gravity, bulk density, water absorption, compressive strength, tensile strength, and flexural
strength tests.

This emphasis is on the sustainability and feasibility of using waste substances spe-
cially for the purpose of constructing non-structural and non-structural concrete elements.

2.1. Evaluation of Material Characteristics

One of the components of this work involves evaluating physical characteristics of
waste plastics and tyre materials that will be used in the non-structural concrete. During
the study, coarse aggregate replacement with plastic and tyre was considered and their
percentage replacement was taken into account. The key properties include the specific
gravity, water absorption, and bulk density. These properties are important for non-
structural concrete as they influence the mix’s weight, durability, and workability. Non-
structural concrete should have a specific gravity around 2.4–2.7, water absorption below
5%, and a bulk density of at least 1800 kg/m3 to ensure it is durable and sufficiently robust
for its intended use.
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• Specific gravity indicates density of waste material that was specified and tested. The
nature of these waste materials and concrete aggregates should also be found out in
order to categorize them [22].

• The measurement of water absorption is used equally in the assessment of the dura-
bility of concrete. Water absorbing material can detach the particles of concrete and
results in its weak structure [23].

• Knowledge of waste aggregate mass and volume as well as other factors like bulk
density is important [24].

2.2. Evaluation of Performance Mechanisms

This work seeks to investigate the effectiveness of the performance mechanisms of
waste plastic and tyre materials in non-structural concrete. These mechanisms shall be
checked for workability, compressive strengths, flexural strength and tensile strength. These
characteristics are vital for non-structural concrete to ensure ease of placement, durability,
and resistance to cracking. For non-structural applications, workability should allow easy
handling, compressive strength typically ranges from 10–20 MPa, flexural strength around
2–4 MPa, and tensile strength should be sufficient to prevent cracks, often around 1–2 MPa.
These experiments vary the quantities of waste material (as shown in Table 1) used in the
mix to determine the impact of waste material exchange on accomplishment. American
Society for Testing and Materials (ASTM) testing standards were used for concrete.

• The slump test indicates the compactness and the appropriate application of concrete.
Various proportions of waste material are introduced to find out the impact on concrete
handling and shaping [25].

• The effectiveness of concrete can solely be measured by its compressive strength. The
performance measure of the research is the compressive strength of concrete mixture at
28 days. This considers the impact of varying replacement percentages of waste material.
This is important in determining the concrete mechanical strength [25]. Compressive
strength was determined according to ASTM C39 (2016) on 150 × 300 mm cylinders.

• Tensile strength measures the concrete’s ability to resist direct pulling forces, while
flexural strength assesses its ability to withstand bending or flexural stress. Flexural
strength is typically higher than direct tensile strength due to the way forces are
distributed in bending.

• Flexural strength is important for concrete under twisting or tension loads. Measuring
the flexural strength of concrete at 28 days with different waste material replacements
enables an assessment of its performance and endurance [26]. This was determined
using a prism of 150 × 150 × 500 mm by a 3-points test setup.

• Non-structural concrete uses require tensile resilience. Therefore, the study looks at
the impact of waste material substitution on the tensile strength of the concrete at
28 days, in terms of tension load [27]. Tensile strength was determined by a split
cylinder test.

Table 1. Aggregate replacement percentages of performance characteristics.

Performance Characteristics Waste Percentage

Slump 0%, 5%, 10%, 15%, 20%

Compressive strength 0%, 5%, 10%, 15%, 20%, 30%

Flexural strength 0%, 5%, 10%, 20%, 30%

Tensile strength 0%, 5%, 10%, 20%, 30%

The maximum waste percentage in the concrete mix was chosen as 30% for the study.

2.3. Types of Concrete Grades Employed

In this study, as affected by the type of data available concrete grades have been
utilized in the following manner for each waste aggregate replacement.
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• Grade 20 concrete for plastic waste.
• Grade 30 concrete for tyre waste, which is generally suitable for many structural

applications.

In this study, utilizing concrete grades in a structured manner is essential due to the
type of waste aggregate replacement employed. Grade 20 concrete was designated for
plastic waste and Grade 30 concrete for tyre waste, reflecting the differences in material
properties and structural demands. The data, sourced from secondary research articles,
revealed that each concrete mix required unique water-cement ratios to achieve the speci-
fied grades. This tailored approach ensures that the resulting concrete meets the necessary
performance criteria, accounting for the variability in waste material characteristics. Conse-
quently, concrete grades were meticulously considered to ensure the integrity and reliability
of the mixes, demonstrating a robust methodology in mix design.

2.4. Life Cycle Assessment Data Evaluation

For this data evaluation, secondary data of life cycle assessment that have been
underpinned by ISO 14040 were chosen [28]. For this data evaluation data of tyre and
plastic percentages of 0%–30% mixes’ life cycle assessment data were gathered individually
and during the data collected the following impact categories were of major concern.

• Global warming (kg CO2 eq).
• Ozone layer depletion (kg CFC (chlorofluorocarbon)-11 eq).
• Terrestrial ecotoxicity (kg 1,4-DB (dichlorobenzene) eq).
• Acidification (kg SO2 eq).

2.5. Data Collection Method

During this investigation, only the secondary academic articles published during the
last fifteen years are examined. Academic articles were selected based on their inclusion
in reputable databases like Scopus, with priority given to journals within the top 25–50%
percentiles (Q1 and Q2) for quality. Additionally, peer review status, citation impact,
and relevance to the topic were considered. Applying this approach ensures that the
investigation will incorporate the latest and correct field data available. Investigation and
empirical data are important for coming up with conclusions during the investigation.

Since the analysis is done using MATLAB software, it is required that the collected
data should have inputs and outputs. The inputs include data obtained from the fluctuating
proportion of waste aggregate mix ranging from 0 to 30%. The output data collected for
the mix percentages mentioned above include the following characteristics: Compressive
strength, tensile strength, flexural strength and workability.

2.6. Data Analysis

Six articles were considered for parameter investigation. The collected data are anal-
ysed using MATLAB for visualization and correlation analysis. This application is selected
because it has the capability to process and analyse various large datasets. The goal is to
gain an understanding of the relations and dependencies between the information and
create a basis for making judgmental and informative recommendations.

The study approach used to assess the efficiency of non-structural concrete with
waste materials is particularly methodical and expansive. The first objective is to evaluate
characteristics of waste materials and their effects on performance mechanisms. This is
achieved via a series of experiments that assess the effects of waste materials at various
replacement levels. The MATLAB application for data evaluation guarantees that the
outcomes are well analysed, and correlations from the dataset are well extracted.

This approach can ensure that the study findings are anchored on a solid foundation of
existing knowledge, given that data is sourced from relevant and recent secondary research
articles. This research helps in enriching understanding on the use of waste material in
non-structural concrete including plastic and tyre waste. This integration has the potential
to propagate sustainability and environmentally friendly ways of construction.
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Figure 1 shows the research methodological process.
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Figure 1. (a) Plastic aggregate and (b) tyre aggregate.

3. Results and Discussion
3.1. Material Properties of Plastic
3.1.1. Specific Gravity

Two previous studies were considered for specific gravity. The specific gravity of the
plastic waste has fluctuations in terms of specific gravity values which has been calculated
as shown in Figure 2. On this basis, the mean specific gravity has been calculated to be
equal to 1.02, the least being 0.8, and the highest being 1.38. The variation in the specific
gravity shows that waste materials in different articles have variable densities. The articles
indicate that plastic waste is used in various forms such as in other particle sizes and
forms of plastic. The equation y = −0.0003x + 1.0262 represents the relationship between
percentage of plastic aggregate (x) and the specific gravity of plastic (y).
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3.1.2. Water Absorption

Two studies were considered for water absorption. The research revealed that waste-
containing plastic samples were able to absorb 0.18 water, with variations in the degree
of 0 to 0.8, as shown in Figure 3. This is due to the poor water absorption characteristic of
plastic waste, which enhances the rigidity of concrete. Particle shapes and types of plastics
cause water absorption rates to be dissimilar with waste materials. These differences are
important to recognize when choosing or combining waste products that will be used
to create a concrete mixture [28–31]. The equation y = 0.00421x − 0.1081 represents the
relationship between percentage of plastic aggregate (x) and water absorption of plastic (y).
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3.1.3. Bulk Density

Here too, two previous studies were considered. The average bulk density of waste
plastics is 554.6 kg/m3; it varies between 220 and 855 kg/m3, as shown in Figure 4. This
is because of the fact that material varies in bulk density because of the plastic waste
material particle size. The range observed is caused by various research studies employing
different sizes of plastic wastes. Thus, bulk density is an essential factor in determining the
concrete properties that influence its mix design. Effective bulk density is another significant
characteristic of concrete, as it depends on its performance and durability [29,30].
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3.2. Material Properties of Tyre
3.2.1. Specific Gravity

The specific gravity of tyre waste has a mean value of about 1.06, ranging from 0.43 to
1.44, as shown in Figure 5. This variation of specific gravity of tyre waste can be attributed
to variation of particle sizes of tyre waste used in concrete mixes by research studies.
These differences can be attributed to the various tyre types and the method used in their
processing. To concrete performance, specific gravity plays a very vital role. A higher
specific gravity represents the particle density; in general, this has an impact on concrete
strength and durability [31,32]. The equation y = 0.0024x + 1.035 represents the relationship
between the percentage of tyre aggregate (x) and the specific gravity of tyres (y).
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3.2.2. Water Absorption

The average water absorption by tyre waste is 2.05, ranging from 0.3 to 5.57, as shown
in Figure 6. Because of the differences in the types of tyre waste and the particle size used
in the investigations, water absorption values differ. Absorption of water depends on the
composition of waste tyres and their processing. Changes in water absorption impact the
durability of concrete and its resistance to environmental factors, as shown in Figure 8.
This parameter is critical to manage and maintain for proper performance and durability of
concrete containing tyre waste [33].
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3.2.3. Bulk Density

The average bulk density for tyre waste is 730.95 kg/m3, with the values varying
between 440 and 1440 kg/m3, as shown in Figure 7. This variation is because of various
research studies employing various particle sizes and composition of tyre waste. Particle
size distribution of larger tyre waste with lower bulk density value and smaller tyres with
increased bulk density values influence concretes characteristics. While using tyre waste in
enhancing the performance and properties of concrete that meet non-structural application
and sustainability standards, bulk density becomes a critical factor to understand and
manage [34,35].
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3.3. Performance Characteristics
3.3.1. Slump of Concrete Mixture with Plastic

The slump values of plastic integrated concrete vary from 30 mm to 155 mm depending
on the percentage of plastic aggregates. Data collections were employed to establish
whether it was possible to replace 0% to 20% of plastic. Figure 8. shows that there is
no direct relationship between the fluctuation in slump and the fluctuation in plastic
percentage. This is due to the fact that different research articles used different grade
20 mix designs in formulating their concrete mix. This graph indicates the relationship
between workability and the amount of plastic content. Higher plastic content generally
decreases workability, resulting in a lower slump value, which is crucial for understanding
the balance between ease of placement and material properties. Concrete can be more or
less workable depending on various mix design characteristics—for instance, water content,
cement content, and water-cement ratios. Therefore, these observations are supported by
that evidence [36,37].
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3.3.2. Compressive Strength Variation of Concrete Mixture with Plastic

The compressive strength data were collected for plastic percentages between 0% to
30% in grade 20 concrete, as shown in Table 2 and Figure 9. The graph given in the paper
presents the fluctuation of the compressive strength numbers over the plastic percentage.
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With the increase in the percentage of plastic, the 28-day compressive strength of grade
20 concrete reduces from 29. 14 MPa for 0% plastic to 1329 MPa for 30% plastic. These
outcomes suggest that the plastic aggregate provides inadequate firmness to the load-
bearing surface and is likely to fail under higher bearing loads [34]. Therefore, there is a
need to increase the proportion of plastic aggregate in concrete mixes through improving
its bonding characteristics. However, given available data, it is not right to infer that a
maximum of 10% of plastic can only take the design load of concrete [38].

Table 2. Average of 28 days of compressive strength variation with the plastic percentage.

G20 Concrete Average Compressive Strength (MPa) 28 Days

0% 5% 10% 15% 20% 30%
29.14 25.06 22.34 19.46 15.94 13.29
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Figure 9. Compressive strength variation for each plastic percentage addition for concrete.

3.3.3. Flexural Strength Variation of Concrete Mixture with Plastic

Investigations on the flexural strength trends show that there is a significant reduction
in the strength of plastic integrated concrete as the proportion of the plastic concrete rises, as
shown in Table 3 and Figure 10. The average flexural strength of the control mix (no plastic)
is measured to be 5.89 MPa. However, this value reduces to 2.95 MPa, as the amount of
plastic content is increased to 30%. These observations further support the previously made
statement on the low bonding capacity of plastic aggregates [39].

Table 3. Average of 28 days of flexural strength variation with the plastic percentage, G20 Concrete
Average Flexural Strength.

G20 Concrete Average Flexural Strength (MPa)

0% 5% 10% 20% 30%
5.89 5.02 4.30 3.79 2.95

3.3.4. Tensile Strength Variation of Concrete Mixture with Plastic

A high percentage of integrated plastic leads to reduced tensile strength of the plastic-
integrated concrete. The mean tensile strength of the plastic mixture with no plastic content
is 3.72 MPa, and then it lowers to 2.52 MPa when the content of the plastic is raised to 30%,
as shown in Table 4 and Figure 11. The increment of plastic aggregate content reduces the
tensile properties of concrete [36].
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Table 4. Average of 28 days of flexural strength variation with the plastic percentage, G20 Concrete
Average Tensile Strength.

G20 Concrete Average Tensile Strength (MPa)

0% 5% 10% 20% 30%
3.72 3.47 3.15 2.82 2.52
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3.3.5. Slump Variation of Concrete Mixture with Tyre

The incorporation of tyre waste in concrete has been observed to lead to a reduction in
the slump value of the concrete with the increase in tyre content, as shown and Figure 12.
This pointed to the fact that as the proportion of tyre aggregates rose, the workability of the
concrete reduced. This could be attributed to water absorption and the low-rigidity nature
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of tyre aggregate. Therefore, improving the properties of the tyre material would increase
the controllability of concrete [40].
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3.3.6. Compressive Strength Variation of Concrete Mixture with Tyre

An increase in tyre content results in a reduction of the compressive strength of the
block. Currently the strength has been reduced from 40.36 MPa for a plastic mix with
0% plastic content to 21.66 MPa when the plastic content is increased to 30%, as shown
in Table 5 and Figure 13 The tyre aggregate is made of rubber, and it has low stiffness
parameters. Consequently, these reductions in strength are observed [41].

Table 5. Average of 28 days of compressive strength variation with the tyre percentage on
G30 concrete.

G30 Concrete Average Compressive Strength (MPa) 28 Days

0% 5% 10% 15% 20% 30%
40.36 35.67 30.17 26.66 24.48 21.66
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3.3.7. Flexural Strength Variation of Concrete Mixture with Tyre

It was also observed that the flexural strength of tyre integrated concrete decreases with
increase in tyre content. The mean flexural strength of the controlled mixture (containing
0% tyre) is noted as 6.72 MPa, as shown in Table 6 and Figure 14. However, the above value
comes down to 4.18 MPa when the tyre content is increased to 30%. Such observations also
support the low stiffness characteristics of tyre aggregates [40,42].

Table 6. Average of 28 days of flexural strength variation with the tyre percentage on G30 concrete.

G30 Concrete Flexural Strength (Mpa)

0% 5% 10% 20% 30%
6.72 6.23 5.64 4.90 4.18
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3.3.8. Tensile Strength Variation of Concrete Mixture with Tyre

It was observed that the tensile strength of tyre-integrated concrete reduces as the
proportion of tyre content increases. The mean tensile strength of the plastic-free mixture is
stated to be 3.26 MPa. However, the value reduces to 2.27 MPa when the tyre content is
increased to 30%, as shown in Table 7 and Figure 15. This demonstrates the tensile strength
reduction with the addition of tire content to the concrete mixes [40].

Table 7. Average of 28 days of tensile strength variation with the tyre percentage on G30 concrete.

G30 Concrete Tensile Strength (Mpa)

0% 5% 10% 20% 30%
3.26 2.88 2.62 2.49 2.27

3.4. Data Correlation Analysis of Plastic

Slump: The correlation coefficient value resulted in 0.0274 indicates a low positive
correlation between percentage of plastic substitution and slump, as shown in Table 8. The
above fact reveals that there is a very slight increase in the slump value of the concrete
mixture as the percentage of plastic is increased. This may have been implying that the
higher the plastic content could improve slightly the of the mix [36].
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Table 8. Pearson correlation coefficient values for the plastic.

Property Slump Compressive
Strength

Flexural
Strength

Tensile
Strength

Correlation coefficient
(MATLAB) 0.0274 −0.6850 −0.4408 −0.5020

Compressive strength: The value of the correlation coefficient of -0.6850 indicates that
the higher the usage of plastic, the lower the strength of concrete. This tells us that as
the proportion of plastic is increased in the concrete mixture the compressive strength is
significantly reduced. The incorporation of plastic in the structure could reduce the load
bearing capacity of the concrete in compression, probably due to inherent properties of the
plastic material, which is not as rigid as traditional coarse aggregates [29,43].

Flexural Strength: Moreover, the linear correlation coefficient is 0.4408, increase in
plastic percentage level has a moderate negative relationship with the flexural strength.
This mean that the higher the plastic, the lower the flexural strength would be. Plastic
particles lead to the deterioration of bending resistance of a concrete element with an impact
on its ability to bear loads [39].

Tensile strength: Let the value be −0.5020 as Table 8 illustrates that there is moderate
negative relationship between the amount of addition of plastic and tensile strength as the
volume of plastic increase in the concrete mix the tensile strength decrease relative to the
increase in the volume of added plastic. The recession of the plastic may cause defects on
the concrete and thus it may make the concrete more susceptible of the tensile force and
cracking [36].

3.5. Pearson Correlation Analysis of Tyre

The data correlation analyses of tyre properties are shown in Table 9.
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Table 9. Pearson correlation coefficient values for the tyre.

Property Slump Compressive
Strength

Flexural
Strength

Tensile
Strength

Correlation coefficient
(MATLAB) −0.0532 −0.6955 −0.3555 −0.4613

Slump: The significance of the correlation coefficient is −0.0532 showed a very mini-
mum negative correlation between the percentage of tyre rubber content with the slump.
This means that with the higher level of tyre rubber in the concrete mix the slump will be
slightly low. However, this relation is not very close, and the conclusion can be drawn
that the concrete’s workability decreased to some extent with the increase in the rubber
content [40].

Compressive strength: Pearson correlation coefficient of −0.6955 is a strong negative
relationship between the amount of tyre rubber added and the compressive strength. This
shows that as the proportion of the tyre rubber in the mix increases there is a corresponding
reduction in the compressive strength. The use of tyre rubber aggregates might lead to the
deterioration of the concrete matrix and its ability to withstand compressive loads [40,41].

Flexural strength: With the correlation coefficient of −0.3555 (as shown in in Table 9),
a moderate negative relationship between the addition of tyre percentage and the flexural
strength was noticed. This means that as the content of tyre rubber rises, the flexural
strength is slightly reduced. The coarse aggregates of tyre rubber may hamper the capacity
of the concrete to bear the bending stresses that can affect the structural integrity [42].

Tensile strength: Consequently, the correlation coefficient is −0.4613, evidence that the
relationship between tyre addition percentages and tensile strength is moderately negative.
This indicates that as the percentage of tyre rubber in the concrete mix increases, the rate
at which the tensile strength reduces is slower. They have the possibility of forming the
weakest phase of the concrete matrix which is more sensitive to tensile stresses and might
crack [40].

3.6. Life Cycle Assessment Impact Category Evaluation of Plastic Concrete Mixes

Table 10 and Figure 16 display the life cycle analysis, assessment and evaluyation of
plastic concrete mxtures.

Table 10. Life cycle assessment impact category evaluation of plastic concrete mixes.

Percentage/LCA
Parameter

Global Warming
(kg CO2 eq)

Ozone Layer Depletion
(kg CFC-11 eq)

Terrestrial Ecotoxicity
(kg 1,4-DB eq)

Acidification
(kg SO2 eq)

0% 311.75 0.0000058 0.144 0.62
5% 22.45 0.0000041 0.0395 0.124
10% 84.6 0.000000092 0.042 0.112
15% 372.98 0.00000417 0.075 0.693
20% 374.46 0.00000139 0.133 1.58
30% 499.4 0.00000433 0.24 0.745

Global Warming: Scientific data strongly indicates that the global warming potential
varies sharply with different levels of plastic incorporation, defying a straightforward
relationship. A striking example is the addition of 30% plastic, which significantly ele-
vates global warming potential to 499.4 kg CO2. This substantial increase suggests that
higher plastic content leads to disproportionately higher CO2 emissions, likely due to the
energy-intensive processes involved in the management and recycling of plastics. These
findings underscore the environmental costs of plastic recycling, particularly when high
concentrations are involved, highlighting the need for careful consideration of plastic use
and its broader ecological impact [44,45].
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Ozone layer depletion: The impact of plastic waste on ozone layer depletion, measured
in kg CFC-11 equivalents, remains consistently low across various percentages of plastic
incorporation in concrete, ranging from 0.000000092 to 0.0000058. This data suggests
that adding plastics to concrete does not significantly threaten the ozone layer, even with
varying plastic content. The minimal variation in these values indicates that plastics,
when embedded in concrete, contribute far less to ozone depletion compared to other
environmental factors. This finding highlights the relatively low ozone-depleting potential
of plastic-integrated concrete systems, suggesting that the environmental focus should be
on other more impactful pollutants [46,47].

Terrestrial ecotoxicity: The impact of plastic addition on the ecotoxicity of terrestrial
ecosystems, measured in kg 1,4-DB equivalents, reveals a nonuniform increase, with lower
plastic fractions (0–10%) showing minimal ecotoxicity, while higher fractions (15–30%)
result in significantly elevated levels. This non-linear relationship suggests that as plastic
content increases, the harmful effects on terrestrial ecosystems intensify disproportionately.
This rise in ecotoxicity is likely linked to the leaching of toxic components from plastic
particles into the soil, although the exact mechanisms require further investigation. These
findings underscore the urgent need to understand and mitigate the environmental risks
associated with higher plastic content in materials, particularly in relation to soil health
and ecosystem stability [48].

Acidification: The acidification potential of plastic-integrated concrete, measured
in kg SO2, exhibits a wave-like pattern similar to that of the global warming potential
curve. The lowest acidification potential occurs at plastic concentrations of 0–10%, while
the highest is observed at 15–30%. This trend suggests that as the proportion of plastic
in the mix increases, the likelihood of acid production also rises. This increase is likely
due to the treatment and disposal processes associated with plastic waste, which can
release acidic gases, thereby elevating the acidification potential of the concrete. These
findings highlight the environmental risks of incorporating higher percentages of plastic
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into concrete, as it could contribute to soil and water acidification, posing long-term
ecological challenges [44,49].

The anomaly in the ozone layer depletion graph can be justified by acknowledging
potential experimental variations or interactions between different plastic types at specific
concentrations, emphasizing the need for further investigation to verify these findings
and suggest additional studies to explore the underlying mechanisms contributing to the
observed non-linear trend.

3.7. Life Cycle Assessment Impact Category Evaluation of Tyre Concrete Mixes

Table 11 and Figure 17 display the life cycle analysis, assessment, and evaluation of
tyre concrete mixtures.

Table 11. Life cycle assessment impact category evaluation of tyre concrete.

Percentage/LCA
Parameter

Global Warming
(kg CO2 eq)

Ozone Layer Depletion
(kg CFC-11 eq)

Acidification
(kg SO2 eq)

0% 322.56 0.0000058 0.62
5% 405.5 0.0000041 0.124
10% 409.76 0.00000046 0.557
15% 374.45 0.00000031 0.612
20% 439.9 0.00000028 0.742
30% 532.75 0.00000255 0.7
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Global warming: From the data, it is apparent that the global warming potential
(kg CO2 eq) increases proportionately with the increased percentage of the tyre rubber
added. The graph clearly indicates the increasing trend as the percentage of the additives
(30% tyre rubber) increases to its maximum value of 532.75 kg CO2. This means that there
is a direct proportion between the percentage of tyre rubber used and the global warming
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potential whereby a higher percentage of tyre rubber content releases more carbon dioxide
equivalents. The processes used in tyre rubber waste management and recycling; could, in
fact, be accountable for these emissions. Therefore, focusing on the environmental impacts
should be an important aspect for the materials used in concrete mixes [50,51].

Ozone layer depletion: The variation in the effect on ozone layer depletion (kg CFC-11 eq)
is insignificant when comparing the various tyre rubber percentages. The values are from
0.00000028 to 0.0000058, and this confirms that the blend of rubber into tyres does not
affect the depletion of the ozone layer even if the percentage is raised. This implies that
other aspects must have a greater influence on the degradation of the ozone layer than the
quantity of rubber in concrete blends [48,50].

Acidification: Higher tyre rubber share corresponds to higher acidification potential
(kg SO2 eq). From the tyre content increase, it can be deduced that the abundance of tyre
rubber as a component is directly proportional to the extent of acidification potential and
thus leading to enhanced acidification potential. The findings that indicate that rubbers
in tires, and their waste management, and disposal processes release acidic gases, thus
increasing the degree of acidification in concrete mixtures. It is possible that measures
to minimize the impact of acidification along with the addition of tyre rubber may be
required [49,51].

3.8. Optimal Percentage of Waste Material Identification for Non-Structural Concrete Mix Designs

Optimal percentage of plastic aggregate (10%) was selected for Grade 20 non-structural
concrete. A 10% plastic replacement in G20 concrete offers limited sustainability benefits
due to the low impact on reducing plastic waste and potential environmental trade-offs in
concrete performance. Recycling plastic into containers or other products is likely a more
practical and sustainable option, as it maximizes material reuse and supports a circular
economy with fewer environmental concerns.

The mechanical properties of the concrete containing 10% of the plastic aggregate were
investigated extensively. The results obtained for the former showed that the compressive
strength was 22.34 MPa, which conforms to the Grade 20 standard, showing the ability of
concrete to take axial force or pressure for confirmation of its suitability for non-structural
applications [32,35]. The flexural strength was obtained at 4.30 MPa, which proves that
the material effectively resists bending stresses and applies to structures with non-bearing
purposes. Furthermore, the tensile strength was determined to be 3.15 MPa, which shows
that concrete has minor tensile strength and does not cause the material to distort or break
when under this pressure.

LCA also proved significant in defining the right mix design. Thus, the reduction of
the concrete mix with 10% plastic aggregate was found to have a global warming potential
of 84.6 kg CO2, showing that utilization of waste materials in concrete production has led
to the improvement if the environmental bucket. The ozone layer depletion potential was
established to be extremely low, equal to zero at 0.000000092 kg CFC-11, which proves that
it has very little effect on the depletion of the ozone layer. The terrestrial ecotoxicity was
expressed at 0.042 kg 1,4-DB, the mix does not represent a serious danger to the terrestrial
environment. Finally, the acidification potential was estimated to be 0.112 kg SO2, putting
the concrete mix in the middle of the range as far as the production of acid rain is concerned.

Optimal percentage of tyre aggregate (10%) was selected for Grade 30 non-structural
concrete. A 10% tyre replacement in G30 concrete provides minimal sustainability ben-
efits due to its limited impact on reducing overall waste and potential adverse effects
on concrete’s mechanical properties. The use of recycled plastics for products like con-
tainers offers a more practical and sustainable solution, as it enhances material reuse
and reduces environmental impact. Additionally, incorporating even small amounts of
lower-quality materials, such as tyres, can degrade concrete’s structural integrity, shifting
its application from structural to non-structural uses and diminishing its effectiveness in
load-bearing applications.
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The optimal percentage of tyre aggregate (10%) has been recommended for Grade
30 non-structural concrete that provides better mechanical property benefits and is also
environmentally friendly [32,50,51]. The compressive strength of this concrete mix is
affirmed at 30.17 MPa, and it is good against vertical loads and pressure; therefore, it is
suitable for non-structural applications that do not need high strength.

Apart from compressive strength, the concrete with 10% tyre aggregate has a flexural
strength of 5.64 MPa. This parameter is useful in establishing the concrete’s capacity to
handle bending stresses thus suitable for use in pavements, footpath, and precast products.
The mix also has a tensile strength of 2.62 MPa which should be enough to prevent deflection
or rupture in non-structural applications where tension forces are involved.

In addition to mechanical characteristics, it is also important to consider the envi-
ronmental effects of employing tyre aggregate in concrete. The concrete mix has a global
warming potential of 409.76 kgCO2, less than the embodied CO2 of other conventional meth-
ods of producing concrete. This environmental advantage confirms the importance of using
waste material in the attempt to minimize the impacts of carbon footprint in constructions.

The mix also indicates low ozone layer depletion potential at 0.00000046 kgCFC-11.
This minimal effect on the depletion of the ozone layer contributes to the sustainability
objectives of minimizing harm on the environment, and recycling wastes. Furthermore,
the acidification potential of the concrete mix is determined to be 0.557 kgSO2, which is a
relatively small value, contributing to the formation of acid rains. This also works in favour
of environmental sustainability since the mix offers less harm to the environment than the
normal concrete.

4. Conclusions

This study has demonstrated the viability of incorporating plastic and tire aggre-
gates into concrete as a means of enhancing sustainability and addressing waste disposal
challenges. The research analysed critical performance metrics, including specific gravity,
water absorption, bulk density, slump, compressive strength, flexural strength, and ten-
sile strength. The results indicate that the inclusion of these waste materials, particularly
at optimal levels of 10% plastic in Grade 20 concrete and 10% tire aggregates in Grade
30 concrete, is feasible for non-structural applications.

However, it is important to note that the introduction of higher waste content generally
leads to a reduction in concrete strength, highlighting the need for careful consideration of
aggregate proportions based on the intended application. Additionally, the life cycle as-
sessment (LCA) reveals that these modified concretes contribute to environmental benefits,
including reductions in global warming potential, ozone depletion, terrestrial eco-toxicity,
and acidification.

Ultimately, this study underscores the potential of using waste materials to create
concrete that not only meets performance criteria but also aligns with environmental
objectives. By optimizing the content of waste aggregates, it is possible to enhance resource
efficiency, promote sustainable construction practices, and contribute to the broader goal
of reducing the environmental footprint of concrete production. This approach offers a
promising pathway for addressing the dual challenges of material sustainability and waste
management in the construction industry.
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