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This study evaluates the incorporation of Expanded Polystyrene Beads 
(EPS) and Coir Fiber (CF) in the production of interlocking concrete 
paver blocks. Four mix designs were developed, 0%, 10%, 20% and 
30% EPS replacing coarse aggregate by weight while addition of, 0%, 
1%, 2% and 3% CF. Compressive strength, water absorption and 
density were assessed at 7 and 28 days. The results show diminish in 
early strength with higher EPS, though long-term curing improved 
durability. Appropriate performance was observed in the 10%-20% EPS 
and 1%-2% CF range. These findings support the development of 
making sustainable interlocking concrete paver blocks materials using 
natural and industrial waste.  
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1. Introduction 

Concrete is the predominant construction material in the building and infrastructure industry. In the building 
sector, a new era of building technology is developing due to the incorporation of industrial waste in 
manufacturing various types of building materials [15]. Millions weight tons waste of polystyrenes and coir fiber 
are certainly produced all over the world. It will lead to pollution in the end and is detrimental to natural. To 
solve the problem, a new material from polystyrene and coir fiber has been created to be used in building 
industry [3]. EPS is a popular material that is used by the different area of engineering field for having unique 
characteristic, such as very-low density, squeegee capacity structure crash worthiness and Insulation value (low 
thermal transmission coefficient, negligible water absorption). One of the natural fibers is coir fiber almost use 
in building materials [7]. Therefore, the purpose of this study aims to evaluate the performance of concrete 
paver blocks made with coir fiber as reinforcement and EPS beads as a partial substitute for coarse aggregate. 
The specific goals are to: (i) evaluate how EPS and coir fiber affect density, water absorption, and compressive 
strength; and (ii) determine appropriate replacement levels for possible uses in low-load paver block usage. 

Table 1 Classification strength of types paver blocks 

Grade Classification Strength 
(MPa) 

Wear Resistant 
 

Absorption 
(%) 

Average Minimal Average Minimal Maximum 
average 

A Road 40 35 0.090 0.103 3 

B Parking 20 17 0.130 0.149 6 

C Walkway 15 12.5 0.160 0.184 8 

D Garden and Playground 10 8.5 0.219 0.251 10 
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2. Materials and Methods 

2.1 Materials 

This study used Ordinary Portland Cement (OPC), Expanded Polystyrene Beads (EPS), Coir Fiber (CF), gravel 
(Coarse aggregate), Sand (Fine aggregate) and clean water. The EPS beads were used to partially replace coarse 
aggregate by weight. Coir fibre was added as a percentage of cement content. 

 

 

 

 

 

 

 

 

 

Fig. 1 Concrete materials (a) Expanded Polystyrene Beads; (b) Coir fibre; (c) Ordinary Portland Cement. 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Concrete materials (a) Natural sand; (b) Gravel; (c) Water. 

2.2 Mix proportions and Specimen Preparation 

According to table 1 and table 2 showed the EPS replacement levels of 0%, 10%, 20%, and 30% of coarse 
aggregate were used in the preparation of four concrete mix designs. At 0%, 1%, 2%, and 3%, coir fibre was 
added. For every mix, the water-to-binder ratio was kept constant. For testing, concrete cubes measuring 100 
mm by 100 mm by 100 mm were cast. Before testing, the specimens were demoulded 24 hours after casting and 
allowed to cure for 7 and 28 days at room temperature in water. 

Table 2 Concrete Mix Design Proportion m3 EPS beads for 1 cube. 

Code Sample EPS (kg) CCF (kg) Cement (kg) Fine aggregates 
(kg) 

Coarse 
aggregates (kg) 

Water (kg) 

0% (Control) 0 0 0.35 0.7 1.40 0.175 

EPS 10% CF 
1% 

0.000634 0.0035 0.35 0.7 1.26 0.175 

EPS 20% CF 0.001269 0.007 0.35 0.7 1.12 0.175 

   
(a) (b) (c) 

   
(a) (b) (c) 
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2% 

EPS 30% CF 
3% 

0.001903 0.0105 0.35 0.7 0.98 0.175 

Table 3 Concrete Mix Design Proportion m3 EPS beads for 24 cubes. 

Code 
Sample 

EPS (kg) CCF 
(kg) 

Cement 
(kg) 

Fine 
aggregates 

(kg) 

Coarse 
aggregates 

(kg) 

Water 
(kg) 

7 days 
samples 

28 days 
samples 

0% 
(Control) 

0 0 2.1 4.2 8.4 1.05 3 3 

EPS 10% 
CF 1% 

0.003804 0.021 2.1 4.2 7.56 1.05 3 3 

EPS 20% 
CF 2% 

0.007607 0.042 2.1 4.2 6.72 1.05 3 3 

EPS 30% 
CF 3% 

0.011418 0.063 2.1 4.2 5.88 1.05 3 3 

      Total 12 12 
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Fig. 3 Concrete samples preparation and testing flowchart. 

2.3 Testing method 

The Fig. 4 showed the tests for compressive strength were carried out in compliance with ASTM C39. Density 
was computed using the mass and volume of hardened concrete specimens, and water absorption was measured 
in accordance with ASTM C642 [1]. Every test was conducted between 7 and 28 days after curing.          
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(a) 

 

(b) 

 

(c) 

Fig. 4 Concrete samples test; (a) Compressive strength; (b) Water absorption; (c) Density. 

3. Results and Discussion 

The test results of concrete cubes from laboratory tests carried out with different contents of Expanded 
Polystyrene Beads (EPS) and Coir Fibre (CF) in the mix are presented and analysed. Compressive strength, 
water absorption and density were evaluated as the functional performance indicators on days 7 and 28 of 
concrete age. Presentation and interpretation of test results on fresh state, hardened and mechanical properties 
tests were showed in this chapter. The influence of EPS on concrete mixture properties compared to the control 
mixture without EPS was presented [2]. 

3.1 Compressive Strength 

According to Fig.5, the compressive strength decreased as the EPS content increased. When 10% EPS and 1% CF 
are applied, the strength reduction of 16.72 MPa at 7 days and 19.56 MPa at 28 days. With the increase in EPS 
percentage, the compressive strength decreases, was 13.48 MPa and 16.80 MPa for 20% EPS + 2% CF mixes at 7 
days and 28 days. The strength developed by 30% EPS + 3% CF combination with the strength of 9.27 MPa and 
13.30 at 7 day and 28 days. This decrease can be attributed to the very low stiffness and ultralight weight of EPS 
beads, which weakened the interfacial bonding between cement paste and beads. The progressive compressive 
strength reduction, on whole, increasing the replacement percent of EPS and adding fibre create lighter albeit 
weaker concrete. 

 
Fig. 5 Line chart showing the Compressive strength results after 7 and 28 days of curing 

3.2 Water Absorption  
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According to the Fig. 6, water absorption increased when coir fibre is introduced 10% EPS, 1% CF, a rapid 
increase in water absorption can be observed, reaching to 2.71% at 7 days and 1.53% after 28 days of curing. On 
the mixture 20% EPS + 2% CF demonstrates a water absorption inversely increasing with values of 3.70%, at 
end of seven days, and 1.88%, at end of 28-days. The mixture of 30% EPS + 3% CF presents water absorption 
slightly lower 3.13% at 7 days and 2.23% at 28 days. Although the EPS beads are hydrophobic, it can provide 
void spaces around the interface which then enables water to move into concrete. This is the reason of the fact 
that with increasing voids water absorption increases: more voids, penetrates more water into the matrix 
causing a decrease in its resistance. Coir fibre is an absorbent material, which allows the concrete to be more 
porous and water-retaining and likely due to improved compaction or different fibre distribution. 

 
Fig. 6 Line chart showing show the water absorption of concrete mix with different percentages of EPS and CF at 7 

and 28-days  

3.3 Density 

According to Fig. 7, density declined when 1% CF is incorporated with 10% EPS, density significantly reduces to 
2140.67 kg/m³ at 7 days and 2225 kg/m³ at 28 days, it demonstrates that fibres as organic very low-mass 
material lessens the total mass of concrete. At 20% EPS substitution and 2% CF inclusion, the density decreased 
to 2016.33 kg/m³ at 7 days and 2047 kg/m³ at 28 days. EPS beads are highly light and replace the coarse 
aggregates; such a reduction in weight though does not reduce the volume of concrete brings down its mass. 
Mixture with 20% EPS and 2% CF: The following density values are recorded at 2070.67 kg/m³ at 7 days and 
2034.33 kg/m³ at 28 days, indicating that even if the compaction differs slightly, the density readings obtained 
may mildly fluctuate. The lowest density is obtained for 30% EPS and 3% CF, which decreases to hovering 
around 1850 kg/m³ at 7 d and shows an increasing trend at 28 days. The Increasing density in the figure reflects 
that when the RHA loading increases, lighter EPS material was replaced by heavy aggregate. 

 
Fig. 7 Line chart showing the Density (%) of concrete mixes with different percentages of EPS and CF. 
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Concrete mixes containing 10–20% EPS and 1–2% coir fibre provide a balanced performance in terms of 
strength, density, and water absorption, according to the experimental findings. These mixtures are thought to 
be appropriate for low-load uses like garden paths, walkways, and landscaping. 

4. Conclusion 

The effects of adding coir fiber and expanded polystyrene beads to concrete paver blocks were examined in this 
study. The findings show that while EPS beads successfully lower concrete density, they also increase water 
absorption and decrease compressive strength. When added at higher contents, coir fiber increases porosity but 
offers only modest reinforcement benefits. For lightweight, low-load paver block applications, an ideal range of 
10–20% EPS replacement with 1-2% coir fiber was found to be appropriate. Utilizing EPS and coir fiber helps 
reduce waste and promotes the creation of more environmentally friendly building materials. 

Future Research 

Optimizing the proportion of EPS and coir fiber in mix. Consequently, application of lower or moderate 
replacement levels like 5–10% EPS and 0.5–1% CF can achieve equilibrium between concrete property and 
sufficient strength [7]. The time to cure the concrete must likewise be increased to allow it to gain greater 
strength and develop a more compact microstructure. The curing is continued up to 48 days or 56 days, the 
strength of concrete will increase for long period. Addition of chemicals or pozzolanic supplements like the silica 
fume and fly ash materials can be employed to optimize the pore structure and limit water absorption. A better 
and reliable paver block can be produced by adding admixtures with optimized mix proportions combing 
together [10]. 
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