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ABSTRACT 

Plastic wastes are non-biodegradable waste, generating on daily basis creating environmental 

pollution and adversely affecting life style of human beings. This research aimed at investigating the 

water absorption and compressive strength of concrete block containing plastic waste aggregates. 

Sand and plastic waste was rationed and the blocks produced were subjected to water absorption 

capacity and compressive strength test. The sample blocks produced from plastic aggregates have 

water absorption values ranging from between 1.70% to 2.04% which are abysmally lower than the 

WA 17.70% value of the cement block. The Compression test shows that the control sample has the 

highest compressive strength of 13.2N/mm
2
, a value which is almost twice the value of the plastic 

derived blocks. However, other mix ratios equally have their degrees of variations.  A minimum 

strength 2.0 N/mm
2
 was observed, but 10 and 20% plastic and sand ratio are more preferable in this 

experiment due to their strength. Furthermore, it will be environmentally friendly and feasible to 

enable reduction in poverty and ensuring a clean society. 10 and 20% plastic and sand ratio its 

recommended. 

Keywords: plastic waste, water absorption, compressive strength, concrete block, sand 

 

 

1 INTRODUCTION 

lastic products play a critical role in our lives and are being used in large quantities due to 

their durability, versatility, light weight, and low cost Plastic waste materials, generated in 

different sectors of the economy, such as agriculture, residential and commercial, 

automobiles, construction and demolition, packing materials, toys, and electrical equipment are 

growing rapidly and are either recycled, combusted (waste incineration), or disposed of Plastic waste 

consists mainly of low-density polyethylene (LDPE), high density polyethylene (HDPE), 

polypropylene (PP), polyvinylchloride (PVC), polystyrene (PS), and polyethylene terephthalate (PET) 

Polyethylene and polypropylene constitute the greatest portion of plastic waste [1]. The increase in the 

world population and subsequent living standards have caused a rapid increase in municipal solid 

waste generation of to up to 1.3 billion tons per annum  reportedly, plastic waste is the third largest 

contributor of municipal solid waste The global production of plastic has increased, from 1.5 million 

tons in 1950 to approximately 359 million tons in 2018 and is attributed to a rapid rise in the 

packaging/wrapping sector Today, over 250 million tons per year are either landfilled or dispersed in 

the environment and an estimated 10 million tons per year end up in the oceans. Considering an 

increase of 9–13% of plastic waste per year it is predicted that billions of tons of plastic could be 

produced by 2050, of which the greatest portion could go to landfills or be dispersed, both in the land 

environment and in the oceans. Plastics can be made to different shapes when they are heated. It exists 

in the different forms such as cups, furniture’s, basins, plastic bags, food and drinking containers. 

Globally, people for their daily needs use plastic and polythene bags because of its ease, cheaper and 
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convenience but which are hazardous to environment causing land pollution [2]. Plastic is a versatile 

material with wide applications. Its usage and latter disposal have become a problem due to the high 

volume of waste and the huge environmental impact they have, not only for the human population, 

but also for ecological systems [3]. Most municipal waste is either burned, dumped or buried on 

vacant lots, threatening the health and welfare of the general population [4]. Solid waste management 

is one of the major environmental concerns in our country nowadays. Waste management in respect to 

plastic can be done by recycling. Recycling the plastics has advantages since it is widely used and has 

a long service life. Because the amount of sand required to making block is large, the environmental 

benefits are not only related to the safe disposal of bulk waste, but also to the reduction of 

environmental impacts that arise due to burning of plastics. This research therefore harnessed the 

vastly available plastic wastes all over the place which has caused environmental degradation to 

constructional and economical purposes, thereby turning wastes into wealth as well as creating 

employment. 

2 LITERATURE REVIEW 

The use of plastic materials has increased from 5 million tons in the 1950s to 100 million tons 

in the 2000s. The challenge of waste disposal has become one of the most serious environmental 

problems facing many cities in Nigeria [5, 6]. High-density polyethylene (HDPE), low-density 

polyethylene (LDPE), and polyethylene (PE) are non-biodegradable plastic and they constitute a 

threat to the environment.  Plastics are categorized into Thermoplastics and thermoset Plastics. 

Thermoplastics can be heated up to form products and their end products reheated to form other 

plastics while thermoset plastics once melted, cannot be re-molded into other shapes after they have 

solidified [7]. They stay solid and, unlike thermoplastics cannot be re-melted. Based on the 

advantages of thermoplastics over thermoset Plastics, it is preferably used in production of paver 

blocks [8, 9]. Despite the huge prospects, two areas of concern are occasional failure due to excessive 

surface wear, and variation in the strength of the blocks in the face of depleting natural resources 

worldwide, generation of plastic wastes from industrial and residential areas is on a steady increase 

[10]. Sustainable development (being a core mandate of environmentalists) involves the use of non-

conventional and innovative materials, and recycling of waste materials in order to compensate the 

lack of infinite reserve of mineral resources as well as management of waste [11, 12]. The economic 

growth, geometric population growth, and changing pattern of consumption are resulting in the rapid 

increase in the use of plastics in the world. Plastic wastes pose a greater management challenge 

because of its non-biodegradability [13]. They are corrosion resistant, have long life, maintenance free 

and light weighted. All these attributes that makes its waste management difficult could however be 

exploited to replace cement as the binding material for aggregates in the production of paver blocks 

[7, 13]. Recycling technology has been a solution of choice in the developed countries. Many 

developing countries including Nigeria are currently experiencing rapid urbanization and 

industrialization and as a result a lot of infrastructural developments could tap into turning their 

environmental problem (abundance of plastic waste) into a source of cheaper and durable construction 

materials.  Overtime, research in developing countries to create strategies to mitigate contamination 

with these reusable polymer residues has increased [14] used low density polyethylene bags (LDPE or 

PE-LD) as a total cement replacement to prepare plastic paver bricks with good results in compressive 

strength, melting point and water absorption. [15] used waste plastic bags to completely replace 

conventional cement in concrete pavement blocks and improve desired properties for road pavement. 

Pavement blocks made with LDPE plastic and sand wastes, with a 5% coarse aggregate, showed 

better mechanical properties, flexibility and resistance to water absorption. Thousands of tons of 

waste are dragged into rivers and oceans, greatly damaging flora and fauna, as well as ecosystems that 

are fundamental to breed and preserve coral species, algae and fish in different ecological contexts. 

[16] tried turning plastic waste into pavement blocks in Ghana, and determined the physical and 

chemical properties of well sand, sea sand, plastic waste and building blocks. The increase in plastic 

composition improved the average penetration resistance of both pavement blocks, and results suggest 

that turning plastic waste into pavement blocks is feasible and can help reduce the rapid accumulation 

of waste in Ghana. In Colombia, educational and pedagogical campaigns in environmental policies 

are being directed to the regulation, use, management and recovery of solid waste of industrial origin; 

thousands of companies and microenterprises are making systematic use of polymers that can be 
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recovered and processed as raw material for industrial use. Universities have developed research 

focused on studying the technical feasibility of using these recyclable materials as an alternative for 

the construction of environmentally friendly structural elements [17]. Ghernouti and Bahia 

incorporate plastic bag waste as a fine aggregate in Mortar and study the mechanical properties and 

durability of mortar in comparison to control mortar. They concluded that incorporating plastic bag 

wastes in mortar reduce the compressive strength of the mortar by 1820% of the reference mortar. The 

replacement of sand by plastic bag wastes improved mortar behavior in acidic medium and its 

sensitivity to cracking [18]. [19] used plastic bags (PVC) as a construction material as an aggregate in 

concrete and concluded that the use of these materials in concrete reduces its compressive strength 

and increase its tensile capacity up to ambient limit. [20] studied the behavior of mortar by use of 

PVC as an aggregate in three different percentages and concluded that using PVC aggregate leads to 

worse performance in some properties. However, the modified mortars show a significant 

improvement in comparison to control mortar. 

3 METHODOLOGY 

Plastic waste was collected for money at the production site. Other materials like sand, 

cement and water were made readily available. Aggregation of the plastic was carried out. Plate 1 

shows the Aggregation of Plastic Waste. The following plastic to sand ratios were selected and the 

concrete block produced and cured. 

 10% Plastic-90% Sand  

 20% Plastic-80% Sand  

 30% Palstic-70% Sand  

 40% Plastic-60% Sand  

 50% Plastic-50% Sand 

 
Plate 1. Aggregation of Plastic Waste 

3.1 Water absorption test 

In this the block first weighted in dry condition and they are immersed in water for 24 hours. 

After that they are taken out from water and they are wiped out with cloth. Plate 2 shows the 

Shredded Plastics while plate 3 shows the curing of Plastics - Sand Block. Then the difference 

between the dry and wet bricks percentage are calculated using the formula below as used by; 

 Water absorption (%) = [
       

  
]             (1) 

where: Ww = Wet weight of specimen [g]; Wd = Dry weight of specimen [g]. 
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Plate 2. Shredded Plastics 

 
Plate 3. Curing of Plastics - Sand Block 

3.2 Compressive Test 

  This is done to know the compressive strength of the concrete blocks. This is also called 

crushing strength of blocks. Generally, three specimens each of the concretes produced were taken to 

laboratory for testing and tested one by one. In this test a block specimen is put on crushing machine 

and applied pressure till it breaks. The ultimate pressure at which block is crushed is taken into 

account. All the specimens are tested one by one and average result is taken as block's 

compressive/crushing strength. The plastic sand of different ratios is tested one by one and in this the 

high compression is found and comparison made with the normal bricks. Plate 4 shows the 

Compressive Test using Compressive Test, Machine Seidner SWP200EMI Model. 
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Plate 4. Compressive Test using Compressive Test Machine Seidner SWP200EMI Model 

4 RESULTS AND DISCUSSION 

4.1 Water Absorption Test 

Table 1 shows all the sample blocks produced from plastic aggregates have water absorption 

(WA) values ranging from between 1.70% to 2.04%. All these values are abysmally lower than the 

WA 17.70% value of the cement block. This means disintegration of the cement blocks by alternate 

wetting and drying is more likely than in the plastic derived blocks. The lower WA recorded by the 

plastic derived blocks give them an edge in terms of efficiency and durability especially in 

waterlogged areas. This result is in agreement with [21, 22]. The difference between weights of cubes 

in wet and dry condition is the water absorbed by the specimens. The moisture absorption is then 

expressed in percentage of water absorption. The less water absorbed by block, the greater its quality. 

Good quality block doesn’t absorb more than 20% water of its own weight [22]. 

Table 1. Water absorption test of the samples. 

Samples (Plastics - 

Sand) 

Water Absorption 

(%) 

Control 17.7 

10 – 90 2.04 

20 – 80 1.87 

30 – 70 1.83 

40 – 60 1.8 

50 – 50 1.7 

 

4.2 Compressive Strength Test 

Table 2 shows the result for the compressive strength of the different samples represented. 

The Compression test shows that the control sample has the highest compressive strength of 

13.2N/mm2, a value which is almost twice the value of the plastic derived blocks. However, other 
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mix ratios equally have their degrees of variation. From the table above, 2.0 N/mm2 is the minimum 

strength observed, but 10 and 20% plastic and sand ratio are more preferable due to their strength. 

This result is in agreement with [21, 22]. 

Table 2. Results of Compressive Strength of Samples 

Plastic/sand 

Ratio 

Age 

(days) 

Concrete 

grade 

Weight 

(gm) 

Density 

(g/cm
3
) 

Dial reading 

(kn) 

Strength 

(n/mm
2
) 

Remarks 

Control 5 1:03 7649 2.26 298 13.2 Ok 

10/90 5 1:03 6715 1.98 147 6.4 Ok 

20/80 5 1:03 6345 1.87 90 4 Ok 

30/70 5 1:03 5627 1.66 45 2 Ok 

40/60 5 1:03 4030 1.2 6.8 0.3 Fail 

50/50 5 1:03 3202 0.94 Nil 0 Fail 

 

5 CONCLUSIONS 

 The present study has efficiently and effectively demonstrated the application of waste plastic 

into useful constructional materials as well as reducing its menace in our surrounding. The plastic 

wastes littered all over the environment can be converted to useful constructional materials more 

economical than using cement alone. The Plastic sand blocks possess more advantages which include 

Cost efficiency, Removal of waste products thus abolishing the land requirement problem for 

dumping plastic. Based on the outcome of the results of the various tests carried out, the study has 

clearly established that the plastic derived blocks can be used in the stead of the blocks produced from 

conventional cement. The 30 to 70%, 40 to 60% and 50 to 50% Plastics to Sand block produced can 

be used in swampy domiciliary as interlock where heavy moving vehicles don’t trample. 
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