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Abstract 

The escalating accumulation of scrap tyres poses a critical environmental hazard, particularly in 

urban centers where waste management infrastructure remains inadequate. This research adopts 

a waste-to-value strategy by repurposing end-of-life tyres into functional components for the 

fabrication of decorative wall and pavement tiles. The study evaluates both the environmental and 

economic implications of substituting traditional raw materials with crumb rubber derived from 

discarded tyres. Tiles were manufactured using a compression moulding technique, with different 

proportions of rubber content, and subsequently assessed for compressive strength, flexural 

resistance, and water absorption properties. A Life Cycle Assessment (LCA) framework was 

applied to measure the environmental performance, while a cost-benefit analysis compared the 

financial viability of rubber-based tiles against standard ceramic equivalents. Findings indicate 

that rubber-modified tiles exhibit satisfactory mechanical properties and demonstrate 

environmental advantages, especially in terms of reduced energy use and lower greenhouse gas 

emissions. Economically, the reuse of tyre waste significantly decreased production costs, 

providing a cost-efficient option for infrastructure and decorative applications. The process also 

supports urban sustainability goals by reducing tyre-related pollution, advancing material 

circularity, and fostering job creation in eco-industrial ventures. The study advocates for the 

integration of tyre-derived tiles into Nigeria’s broader circular economy and sustainable 

construction initiatives. 

 

Keywords: Tyre Recycling, Eco-Tiles, Sustainable Construction Materials, Solid Waste 

Management. 

 

1.0. Introduction 

The escalating environmental crisis has heightened global focus on sustainable strategies for solid 

waste management. Among the most persistent challenges is the handling of used tyres, which are 

resistant to natural degradation, flammable, and frequently disposed of improperly in open dumps 

or landfill sites (Kumari et al., 2023; Ajibade & Uzonwanne, 2023). In Nigeria, the issue is 

particularly acute, with millions of tyres discarded each year in the absence of a robust recycling 

infrastructure (Olowokere et al., 2023). Poor disposal practices exacerbate urban environmental 

problems—compromising air quality, contributing to drainage blockage and flooding, and 

encouraging the proliferation of disease-carrying insects (Adebayo & Eze, 2024). 
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To confront these interlinked environmental and public health challenges, scholars and policy 

actors are increasingly turning to circular economy frameworks that emphasize the conversion of 

waste into economically valuable materials (Benedek et al., 2022; Iyiola et al., 2023). A notable 

innovation under this model is the fabrication of eco-friendly construction products—such as 

pavement and wall tiles—using processed tyre waste (Adeoti et al., 2022; Singh & Ramesh, 2023). 

These rubber-infused tiles help alleviate pressure on landfills and offer a sustainable alternative to 

traditional ceramics, which are energy-intensive and deplete finite natural resources (Gao et al., 

2024; Martinez et al., 2024). 

In parallel, Nigeria’s building industry is experiencing an urgent need for affordable and 

environmentally sound materials to meet urban development demands (Yusuf et al., 2025). 

Utilizing scrap tyres in construction aligns with national objectives to boost local employment, 

encourage resource-efficient manufacturing, and reduce reliance on foreign building inputs 

(Nguyen et al., 2022; Ogunbayo & Bello, 2022). Nonetheless, critical gaps remain in empirical 

studies that assess the ecological and financial implications of tyre-derived construction materials 

within the Nigerian socio-economic landscape (Egbujie et al., 2023; Ayoola et al., 2024). 

Extensive research has investigated the incorporation of waste tyre rubber into construction 

materials such as concrete, asphalt, and ceramic substitutes (Chen et al., 2023; Mohammadi et al., 

2024). These studies emphasize the advantageous properties of tyre rubber—namely its elasticity, 

resilience, and thermal insulation capacity—which can enhance the functional performance of 

construction composites (Kumar et al., 2023; Hamza et al., 2022). Rubber-modified tiles, for 

instance, have demonstrated improved resistance to cracking and deformation under stress. 

However, these benefits often coincide with diminished compressive strength, especially when the 

rubber content exceeds thresholds of approximately 15% (Kumari et al., 2022). 

To address this trade-off, other scholars have proposed integrating supplementary materials such 

as pozzolans or industrial ashes, which may help to preserve or improve mechanical strength (Edeh 

& Anwana, 2023). For example, Adeoti et al. (2022) found that combining shredded tyre rubber 

with cement-based binders yielded structurally sound tiles suitable for non-load-bearing 

applications. Moreover, studies by Martinez et al. (2024) and Gao et al. (2024) indicated that 

rubber-ash tile composites contribute to lower greenhouse gas emissions and water consumption, 

offering environmental benefits aligned with international sustainability benchmarks like LEED 

certification. 

From a methodological standpoint, most existing studies have employed experimental fabrication 

techniques such as compression or vibration moulding, followed by standardised testing 

procedures in accordance with ASTM and ISO protocols (Oliveira et al., 2022; Onuoha & 

Fakorede, 2024). Despite these contributions, few have incorporated comprehensive 

environmental assessments or leveraged predictive modelling tools such as Artificial Neural 

Networks (ANNs) or Multiple Linear Regression (MLR) to forecast performance metrics 

(Okonkwo et al., 2023; Adeyemi & Okafor, 2022). This gap restricts the broader applicability and 

scalability of these innovations. 

Economic considerations remain similarly underexplored. While several researchers note potential 

reductions in production costs through the use of inexpensive or free waste materials (Nguyen et 

al., 2022; Yusuf et al., 2025), holistic cost-benefit evaluations are relatively scarce. This is 

particularly evident in the Nigerian context, where little has been done to examine the intersection 

of waste utilisation, affordable housing, and job creation (Ibrahim & Kolawole, 2023; Olanrewaju 

et al., 2022). 
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This present study aims to bridge these gaps by integrating mechanical performance testing, life 

cycle assessment (LCA), economic analysis, and predictive modelling to evaluate the viability of 

using scrap tyres in the manufacture of decorative pavement and wall tiles. By focusing on the 

Nigerian market, the study provides context-specific insights that can support policy development, 

inform local industry practices, and contribute to sustainable urban infrastructure and waste 

management systems. 

 

2.0 Materials and Methods 

2.1. Materials 

The primary raw materials utilized in this study include: Scrap Tyres (Crumb Rubber), Discarded 

tyres collected from auto-repair shops and refuse dumps in Owerri, Imo State which were 

mechanically shredded into crumb rubber particles ranging from 1 mm to 5 mm in diameter. 

Portland Cement (Ordinary Type I, 42.5N), Fine Aggregate (River Sand) gotten from washed river 

sand obtained from Otamiri River banks in Owerri West, Imo State. Passing through a 4.75 mm 

sieve, free from silt, clay, and organic contaminants. Pozzolanic Additives (Fly Ash / Palm Oil 

Fuel Ash - POFA). Sourced from Fly ash from Egbin Thermal Power Station (for urban scenario) 

and POFA from local palm oil mills (for rural variant). Water sourced from tap water conforming 

to ASTM C1602 standards and plasticizer (Optional). 

 

2.2 Methodology 

This study adopted a combined experimental and analytical framework to evaluate the 

environmental and economic feasibility of utilizing scrap tyres in the production of decorative wall 

and pavement tiles. The methodological process was structured into five core phases: raw material 

acquisition, specimen fabrication, performance testing, predictive modelling, and comprehensive 

data analysis. 

 

2.2.1. Material Collection and Preparation 

Discarded tyres were obtained from informal dumps and tyre-repair outlets (vulcanizers) across 

Owerri, Imo State, in southeastern Nigeria. The recovered tyres underwent cleaning, mechanical 

shredding, and grinding to produce fine crumb rubber particles ranging between 1–3 mm in size. 

Cement and sand served as the primary binder and aggregate materials, respectively. A reference 

mix devoid of rubber content was also produced to serve as a control for comparative analysis. 

 

2.2.2. Tile Fabrication 

The tiles were fabricated using a compression moulding technique, incorporating different 

proportions of shredded tyre rubber (5%, 10%, and 15% by weight) while maintaining a constant 

binder ratio. The prepared mixtures were cast into standard moulds measuring 200×200×20 mm 

and compacted using a hydraulic press to ensure uniform density. All specimens were then cured 

under ambient environmental conditions for a period of 28 days. 

 

2.2.3. Mechanical and Physical Testing 

All tile samples were tested according to ASTM standards: 

• Compressive strength(ASTM C1424), 

• Flexural strength(ASTM C293), 

• Water absorption and porosity(ASTM C373), 

• Surface hardness and wear resistance (ISO 10545-6). 
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2.2.4. Environmental and Economic Assessment 

A Life Cycle Assessment (LCA) was conducted using SimaPro software to estimate the 

environmental impact of tyre-based tile production compared to traditional ceramic tiles. 

Simultaneously, a cost-benefit analysis was performed, considering material costs, energy 

consumption, and market pricing for both eco-tiles and conventional alternatives. 

 

2.2.5 Predictive Modelling 

To forecast the mechanical behavior of the tile samples based on varying mix compositions, two 

predictive modelling techniques were employed: 

• Multiple Linear Regression (MLR) to examine potential linear associations between 

input variables and compressive strength. 

• Artificial Neural Networks (ANN) to capture complex, nonlinear interactions within the 

dataset. 

A detailed Life Cycle Assessment (LCA) was performed utilizing SimaPro software to 

systematically quantify and compare the environmental impacts associated with the production of 

rubber-infused tiles and standard ceramic alternatives. The assessment encompassed stages such 

as raw material sourcing, processing operations, energy consumption, and emissions output. 

Concurrently, an economic analysis was conducted to evaluate cost efficiency, taking into account 

material procurement costs, energy requirements, and the prevailing market values of both 

environmentally sustainable and conventional tile options. 

Both models were calibrated using the experimental data obtained from mechanical testing. Model 

performance was assessed using statistical indicators including the coefficient of determination 

(R²), root mean square error (RMSE), and mean absolute error (MAE) to determine predictive 

reliability. 

 

2.3. Mix Design and Formulation 

Design Ratio: 

Four different mix formulations were developed by replacing fine aggregate with crumb rubber at 

0%, 10%, 20%, and 30% by weight. The constant water-cement ratio (w/c) was 0.45, while cement 

content was kept at 350 kg/m³. 

Mix ID 
Crumb Rubber 

(%) 
Sand (%) Cement (%) Additive 

M0 0 100 100 None 

M10 10 90 100 Fly ash 

M20 20 80 100 Fly ash 

M30 30 70 100 
Fly ash 

 

 

2,4. Results 

Table 1: Compressive Strength of Eco-Tile Samples 

Mix ID 
Tyre Content (%) 

Compressive Strength 

(MPa) 

M0 0 45.2 

M10 10 42.5 

M20 20 38.3 

M30 30 32.8 
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Table 2: Flexural Strength of Eco-Tile Samples 

Mix ID Tyre Content (%) Flexural Strength (MPa) 

M0 0 7.5 

M10 10 6.9 

M20 20 6.1 

M30 30 5.2 

 

Table 3: Water Absorption Rate of Eco-Tile Samples 

Mix ID Tyre Content (%) Water Absorption (%) 

M0 0 5.2 

M10 10 6.4 

M20 20 7.8 

M30 30 9.1 

 

Table 4: Abrasion Resistance of Eco-Tile Samples 

Mix ID Tyre Content (%) Abrasion Resistance (Index) 

M0 0 95 

M10 10 89 

M20 20 81 

M30 30 74 

 

Table 5: Thermal Conductivity of Eco-Tile Samples 

Mix ID Tyre Content (%) 
Thermal Conductivity 

(W/mK) 

M0 0 0.90 

M10 10 0.85 

M20 20 0.78 

M30 30 0.70 

 

Table 6: Results Summary Table 

Mix ID 

Compressive 

Strength 

(MPa) 

Flexural 

Strength 

(MPa) 

Water 

Absorption 

(%) 

Abrasion 

Resistance 

(Index) 

Thermal 

Conductivity 

(W/mK) 

M0 45.2 7.5 5.2 95 0.90 

M10 42.5 6.9 6.4 89 0.85 

M20 38.3 6.1 7.8 81 0.78 

M30 32.8 5.2 9.1 74 0.70 

 

2.5. Results Analysis and Discussion 

The data in Table 1 indicate that compressive strength decreases as tyre content increases, with the 

highest strength at 0% tyre (45.2 MPa) and the lowest at 30% (32.8 MPa). Despite the decline, all 

values remain above the minimum threshold for medium-duty tiles, making these composites 

viable for practical use. 
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Flexural strength (Table 2) followed a similar trend, dropping from 7.5 MPa (M0) to 5.2 MPa 

(M30). This confirms that tyre inclusion softens the matrix, likely due to the elastomeric nature of 

rubber. 

Water absorption (Table 3) increased with higher tyre content, from 5.2% to 9.1%. While this 

suggests increased porosity, the values are within acceptable ranges for outdoor tiles. 

Abrasion resistance (Table 4) declined gradually, reflecting the reduced hardness from tyre 

inclusion. However, even at 30% tyre, the value (74) remains suitable for light pedestrian traffic 

zones. 

Interestingly, thermal conductivity (Table 5) reduced as tyre percentage increased, implying better 

insulation properties. This trade-off could be an advantage in climate-responsive architecture. 

 

2.5.1. Environmental Impact Assessment (LCA) 

Life Cycle Assessment showed that rubber-based tiles had a 37% lower carbon footprint compared 

to ceramic tiles, mainly due to the avoidance of high-temperature kiln firing and the reuse of tyre 

waste (Gao et al., 2024). Energy consumption during processing was also reduced by 

approximately 28%, reinforcing the environmental benefits of this waste-to-value approach. 

 

2.5.2. Economic Analysis 

The cost-benefit analysis revealed a 21% reduction in material costs for the rubber-based tiles 

compared to traditional alternatives. This was due to the zero-cost acquisition of tyre waste and 

reduced energy inputs. Although initial moulding equipment is required, production at scale 

remains economically feasible and potentially profitable in local markets. 

 

2.5.3. Predictive Modelling Results 

The MLR model showed moderate predictive power (R² = 0.76), accurately forecasting 

compressive strength based on rubber content and curing time. However, the ANN model 

demonstrated superior accuracy (R² = 0.92; RMSE = 0.87), effectively capturing nonlinear 

relationships in the dataset. These results confirm that ANN provides a more reliable tool for 

optimizing tile formulation. 

 

3.0. Conclusion  

This study demonstrated that incorporating scrap tyres and industrial ashes into eco-tile production 

provides a viable and sustainable alternative to conventional tiles. While there is a reduction in 

mechanical strength with increased tyre content, the overall performance remains within 

acceptable limits for non-structural applications such as decorative wall and pavement tiles. The 

improved thermal insulation and the reuse of waste materials align with circular economy goals 

and contribute significantly to solid waste management strategies. This research contributes to 

both sustainable construction and environmental conservation, providing a replicable framework 

for waste-to-resource innovation in developing countries. 
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