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Abstract: This study investigates the 
formulation, characterization, and 
performance of energy-efficient construction 
blocks utilizing recycled plastics combined 
with alternative raw materials. The objective 
is to reduce cement consumption, thereby 

structural strength and thermal insulation in 
compliance with European standards. River 
sand, crushed brick, basalt aggregate, 
volcanic ash, and shredded secondary plastics 
were used. Thermal conductivity, 
compressive strength, and density tests 
confirm that the blocks achieve a density of 
500 ve strength of 2.2
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1. Introduction 
Concrete and cement-based construction 
materials are major contributors to global 

production consumes large amounts of 

Reducing cement usage without 
compromising structural integrity is a key 
challenge in sustainable construction. 
Recycled plastics offer potential for 
lightweight construction, improving thermal 
insulation and reducing environmental 
impact. Combining plastics with secondary 
aggregates, such as crushed brick, volcanic 
ash, and basalt, enables blocks with lower 
density while retaining sufficient 
compressive strength. 

This study focuses on the systematic 
development of such blocks and provides 
experimental evaluation of their thermal and 
mechanical performance. 
2. Materials and Methods 
2.1 Raw Materials 

 Cement: Ordinary Portland Cement, 
reduced proportion (10 15%) 

 Aggregates: River sand, crushed brick, 
basalt 

 Volcanic Ash: Pozzolanic additive to 
improve microstructure 

 Recycled Plastics: Shredded 
secondary plastics, density 150

-toxic, non-reactive 
2.2 Block Composition 
The proportion of each component was 
optimized to achieve: 

 Density: 500  
 Thermal Conductivity:  
 Compressive Strength: 2.2  

2.3 Experimental Methods 
 Blocks were cast in standardized molds 

and cured for 28 days. 
  Measured according to EN 

772-13 
  Tested 

according to EN 1015-11 
  Measured 

with a heat flow meter method 
3. Results and Discussion 
 3.1 Material Performance 

 Recycled plastics reduced the overall 
weight, allowing block density as low 

 
 Cement reduction by 40 50% did not 

compromise compressive strength. 
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 Thermal insulation improved due to 
microvoids created by plastics, 

 
3.2 Optimization 

 The ratio of volcanic ash to cement was 
critical for maintaining structural 
integrity. 

 Crushed brick and basalt acted as 
fillers, increasing strength while 
reducing cement demand. 

3.3 Environmental Impact 
 Cement reduction leads to lower energy 

ions. 
 Utilizing recycled plastics diverts waste 

from landfills, promoting circular 
economy principles. 

                                    Composition and Properties of Blocks                                                        Table 1 
 

component Proportion % 

Crushed Brick 
 

20 25 
 

Cement 
 

10 15 
 

Crushed Brick 
 

20 25 
 

Basalt 10 15 

Volcanic Ash 
 

10 15 
 

Recycled Plastic 
 

15 20 
 

 
 

500 650 
 

Compressive Strength (MPa) 
 

2.2 3 
 

 
 

<0.4 
 

                                                         mparative Performance                                                           Table 2  

~Type of Block  
  

Cement 
Reduvti 

Conventional 1800 12-15      1.2 0 
Proposed 500-650 2.2-3 <0.4 40-50 
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Conclusion 

The study demonstrates that integrating 
recycled plastics and secondary aggregates 
in construction blocks: 

 Achieves lightweight, energy-efficient 
materials 

 Reduces cement usage and associated 
 

 Maintains compressive strength and 
complies with European thermal 
standards 

 Supports sustainable building practices 
and circular economy principles 
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