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Abstract 

The current paper investigates the possibility of replacing part of the fine 

aggregates, part of the cement, or both with crushed glass and plastic wastes and 

evaluate the change in its compressive strength. In this work, crushed glass and 

plastic aggregates were substituted at different percentages. The compressive 

strength of the developed concrete was measured after 7 and 28 days and 

compared with that of traditional concrete (mix ratio of 1:1.5:3). The results 

showed that the crushed glass wastes could be utilized in concrete as a good 

substitution of cement and sand. However, the results indicated that the use of 

plastic wastes decreases compressive strength. Such findings will significantly 

contribute to reducing the cost of the produced concrete by reducing the amount 

of used aggregates and this consequently reduces the aggregates demands/ 

manufacturing. Less consumption of aggregates will reduce the depletion of 

natural resources. 

Keywords: Compressive strength, Concrete, Glass powder, Plastic powder.  
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1.  Introduction 

Solid waste is a substance that should be thrown away, which comes from the 

different activities of humans [1, 2]. Solid wastes normally include medical wastes, 

domestic wastes, and industrial wastes [3, 4]. These wastes comprise sand, stone, 

gravel, tiles, ceramics, marbles, glass, wood, aluminium, plastic, papers, paint, 

plumbing pipes, asbestos, electrical parts and other substances [5-9].  

Hashim et al. [10] mentioned that a significant quantity of the non-

degradable wastes lasts in the environment for many decades or centuries 

before it decomposed. Non- degradable wastes cause many significant 

environmental problems and waste disposal crisis [1, 11-16]. Moreover, the 

accumulation of such wastes, on a global scale, reached a dangerous level 

nowadays [17-19]. The current possible solution for this problem is the 

abandoning of many of these wastes as stockpile or landfill or dumped illegally 

in a chosen area, which still has many potential negative environmental 

impacts, such as leaching of dangerous materials to the groundwater [10, 20]. 

Furthermore, an immense quantity of these wastes cannot be gotten rid of. Thus, 

the sustainable recycling of these wastes could significantly decrease the 

negative environmental impacts of these types of wastes [1, 21]. According to 

Batayneh et al. [22], the hierarchy of the solutions ‘waste hierarchy’, which 

ranks the solutions in three levels, the recycling process is the preferred method 

of waste disposal. 

Researches into innovative and new uses of waste materials are frequently reported 

[23-27]. This researching effort tries to fulfil the need for safer economic disposal of 

waste materials. For example, carpet wastes have been used, as lightweight aggregates, 

to develop a new type of concrete [28]. The new concrete was subjected to a series of 

tests, such as absorption and compressive and flexural strengths. The results of this 

study indicated that carpet waste decreases the compressive and flexural strengths of 

concrete, however, it still very comparable to the quality of polymer fibres-based 

concrete. Therefore, this new type of concrete could be an eco-friendly alternative for 

the polymer fibres-based concrete. Corncob ash wastes were applied, as a binding 

material, to produce lightweight concrete [29].  

In this study, the corncob ash has been used as cement replacements at different 

ratios (5 to 35 %). Both compressive strength and weight of the new concrete was 

measured at 7 and 28 days. The outcomes of this investigation indicated that 

increasing the ratio of corncob ash is beneficial in terms of concrete weight, but it 

decreases the compressive strength. However, it has been found that replacing 15 

% of cement by corncob ash did not cause a noteworthy reduction in the 

compressive strength, but it decreases the density of concrete from 2209.38 kg/ m3 

to 1835.06 kg/m3.  

A similar study was conducted by Wardhono [30] to check the feasibility of 

using seashell wastes to develop a geopolymer concrete. In this study, 10 % of 

seashell wastes was added, along with fly ash, to the concrete mixture. The obtained 

results indicated that the application of seashell wastes did not decrease the 

compressive strength of concrete, and it eliminates the need for thermal curing of 

concrete, the latter is an essential process for traditional fly ash-based concrete. 

Coal bottom-ash was also investigated as a possible cementitious material [31]. In 

this study, coal bottom-ash was used at ratios of 10 %, 20 % and 30 % (weight of 

cement). The mechanical properties of the developed concrete were assessed after 
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28 days. The results indicated that the workability of the developed concrete 

decreased at high ratios of coal bottom-ash, however, there is no significant 

decrease in the compressive strength. Table 1 lists other studies about the recycling 

of different waste materials in the concrete industry. 

Table 1. Previous studies about recycling of waste materials in concrete. 

No. 
Recycled 

material 
Main results 

1 Oil palm shell 

and ash [32] 

The authors found that compressive strength at early ages 

was low, but it increased during the late ages to reach a 

comparable level to that of ordinary Portland cement 

2 Construction 

wastes 

(ceramic) [33] 

The outcomes of this study proved that waste ceramic 

could be used as efficient, cost-effective, and eco-friendly 

alternative to natural coarse aggregates in concrete 

industry. It has been found that the complete replacement 

of the natural coarse aggregates (100 %) by wastes ceramic 

could cause very minor reduction in the mechanical 

properties of the produced concrete 

3 Tire rubbers 

[34] 

The findings of this study demonstrated that the 

penetration of chloride in the rubber-concrete was lower 

than its penetration in the traditional concrete, the 

compressive strength of the rubber-concrete (after the 

acidic attack) was better than it of traditional concrete. 

Additionally, it was noticed that both compressive strength 

and flexural strengths of traditional and rubber concrete 

were very comparable 

4 Marble and 

granite waste 

dust [35] 

The results proved that the resistance for corrosion of the 

developed cement is better than that of traditional concrete. 

Nevertheless, the developed concrete showed lower 

compressive strength in comparison with the traditional 

concrete 

5 Silica fume 

and marble 

[36] 

The outcomes of this study indicated that adding low 

percentages (less than 10 %) of marble waste is beneficial 

for both durability and strength and of the developed 

concrete. However, high percentages of marble waste 

decrease the compressive strength.  While the silica fume 

has enhanced, to a certain limit, both compressive strength 

and durability of the developed concrete. Better results 

were obtained by mixing marble waste and silica fume, 

where it has been found that adding 20 % of marble wastes 

and 10 % of silica fume enhanced the properties of the 

developed concrete 

6 Sandstone 

slurry [37] 

The results obtained from this investigation indicated that 

the application of sandstone slurry as filler materials in 

concrete did not significantly decrease the compressive and 

flexural strengths, in comparison with traditional concrete.  

Additionally, it has been found that new concrete has good 

resistance for chemical attacks, and good permeability 

7 GGBS and 

PFA [9] 

After 28 days of curing, the results indicated that the 

mixture incorporated 80% GGBS and PFA has higher 

compressive strength relative to the control mixture 

8 Waste glass 

[38] 

The obtained results confirmed that the compressive 

strength was decreased with the increase of the glass ratio 
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In this context, the objective of the current work is to investigate the possibility 

of recycling glass and plastic wastes in concrete. These materials will be used as a 

partial replacement for aggregate and ordinary Portland cement. This recycling 

method saves dumping spaces and natural resources and helps to keep 

environments clean.  

The objective of this work has been validated via experiments and tests in 

laboratories; by substituting fine glass and plastic aggregate for certain percentages 

of the fine aggregate (sand) and check the mechanical properties of the developed 

concrete. Additionally, the mechanical properties of the developed concrete will be 

compared with those of traditional concrete. 

2.  Materials and Methods 

Concrete is defined as a structural material that has certain simple components, 

which forms very solid material when mixed with water. Generally, concrete 

mixtures consist of coarse and fine aggregates, cement, and water [39].  

Additionally, in some cases, essential additives could be added to enhance some 

properties of concrete. For example, some additives are used to delay or accelerate 

the hardening process. Concrete is a favourable material in the construction process 

due to many attractive features, such as its good compressive strength and 

resistance for fire.  

Because of its nature, recipes of concrete could be changed to meet the 

circumstantial need. For example, its strength, weight, or resistance for chemicals 

and weather could be controlled by changing the mixing ratios and/ or using some 

additives. However, like any other construction material, concrete has some 

disadvantages, such as the high weight, and the negative environmental impacts of 

concrete industry [40, 41].   

Generally, as it was mentioned above, concrete consists of cement, aggregate, 

and water. The importance of these materials will be explained in the following 

section of this study. 

2.1.  Water 

Water is a substantial element in the production of concrete. It is required for 

the initiation of the hydration process through its reaction with the cement, 

which results in the formation of concrete. Thus, the availability of water is 

essential to develop concrete. However, an excessive amount of water could 

give undesirable results, such as the reduction in the compressive strength. 

Therefore, the scientists studied the optimum water/cement ratio for each type 

of concrete [1]. 

2.2.  Cement 

Cement is a substantial element in the concrete industry as it is responsible for the 

binding of concrete components. Ordinary Portland cement (OPC), which is 

responsible for many environmental problems, is the most widely used type of 

cement in the concrete industry. OPC general chemical and physical properties are 

listed in Tables 2 and 3 [1, 9, 42, 43]. 
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Table 2. OPC general chemical properties. 

Oxide chemical 

composition 
Content % 

SiO2 20.2 

CaO 62.63 

Al2O3 4.9 

Fe2O3 2.802 

MgO 1.05 

Na2O 0.1 

K2O 0.9 

SO3 3.17 

TiO2 0.23 

Chloride 0.018 

LOI 2.1 

IR 1.9 

Table 3. OPC general physical properties. 

Test name Result 

Initial settling time (min) 110 

Final settling time (min) 205 

Fines (Blaine) in m2/kg 307 

2.3.  Aggregates 

Aggregates, which are a main component of concrete, are classified, according to 

their physical properties, into two types: fine and coarse aggregates. Generally, 

aggregates with a diameter ≤ 0.2 cm are classified as fine aggregates, while the rest 

(> 0.2 cm) are classified as coarse aggregates.  

The economic parts of concrete utilize the minimum amount of cement to 

develop the required strengths. Therefore, the coarse aggregate with its larger size 

will create large portions of the concrete, while the fine aggregate will act as a filler 

the voids between the coarse aggregates.  

Additionally, fine aggregates decrease the consumption of cement as if only 

coarse aggregates are used in the concrete industry; there will be huge void spaces 

between the coarse aggregates that must be filled with cement. Therefore, fine 

aggregates are used to fill these void spaces. Hence, the aim of the concrete industry 

is to produce concrete mixtures with as few as possible of voids, which significantly 

decreases the consumption of cement. 

Another important factor related to the aggregates is their moisture content 

(water content). For example, using fresh aggregates decreases water consumption 

as fresh aggregates contain moisture [44]. Thus, it will not significantly influence 

the water/cement ratio, and thereby the hydration process will not be influenced.  

In the case of using air-dry aggregates, the surfaces will look dry and so some 

water is taken in, decreasing the water/cement ratio, and consequently, the concrete 

strength will be slightly decreased. In the case of using oven-dry aggregates, a huge 

amount of water will be absorbed to fill the internal void spaces, which significantly 

decreases the water/cement ratio.  
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As a result, the hydration process is terminated, and the concrete strength is 

significantly decreased. The saturated dry-surface aggregate has internal void 

spaces filled with water and so cannot absorb more water. Those aggregates will 

maintain the water/cement ratio, and the concrete will keep its complete strength 

[45]. In contrary, over-saturated aggregates (their internal void spaces and surfaces 

drenched with water) will add water to the mix that increases the water: cement 

ratio, which results in a reduction in concrete strength.  

Therefore, in the current work, the saturated surface dried (SSD) aggregates will 

be used to guarantee the actual efficiencies of the varied water/cement ratio utilized 

to prepare the concrete mixture [22]. 

2.4.  Glass wastes 

The glass waste material utilized in this experimental work was obtained from 

reconstruction disposal and building demolition projects in the city of Hilla, Iraq. 

This material mainly came from clear and pure window glass. The whole quantities 

were separated from dirt material and impurities, and then it was crushed to a size 

fine enough to achieve pozzolanic behaviour. The crushed glass was used as a 

substitution for sand and cement at ratios of 5 %, 10 %, 15 % and 20 %. Table 4 

shows the chemical composition of glass waste. 

Table 4. Chemical properties of used glass wastes. 

Oxides Content % 

SiO2 71 

Al2O3 2.25 

Fe2O3 0.42 

CaO 0.9 

MgO 3 

Na2O 12 

2.5. Plastic wastes 

Plastic waste was utilized, in this work, by grinding the collected sample of 

plastic waste into small particles. Different amounts of this plastic waste (5 %, 

10 %, 15 % and 20 %) were used to substitute sand and cement. Then, the 

development of compressive strength was measured at different ages and 

compared with that of ordinary concrete. Tables 5 and 6 show the mix design for 

both glass and plastic wastes. 

Table 5. Mix design for glass wastes. 

Mix ID 

Substitution for  

aggregates (%) 

Substitution for 

cement (%) 

Natural aggregate Glass wastes OPC Glass wastes 

Mix 1 100 0 100 0 

Mix 2 95 5 95 5 

Mix 3 90 10 90 10 

Mix 4 85 15 85 15 

Mix 5 80 20 80 20 
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Table 6. Mix design for plastic wastes. 

Mix ID 

Substitution for aggregates 

(%) 

Substitution for cement 

(%) 

Natural 

aggregate  

Plastic 

wastes  
OPC Plastic wastes  

Mix 1 100 0 100 0 

Mix 2 95 5 95 5 

Mix 3 90 10 90 10 

Mix 4 85 15 85 15 

Mix 5 80 20 80 20 

3.  Experimental work and solid waste test 

In this study, the required amounts of ordinary Portland cement (OPC) and 

natural aggregates (fine and coarse ones) were secured from a local market at 

Hilla city. The concrete samples were prepared using a mixing ratio of 1:1.5:3 

(cement: sand: gravels), while the water/cement ratio was 0:5. Three cubes (15 

cm3) were prepared for each test. The compressive strength of these cubes was 

measured at 1.0, 2.0, and 4.0 weeks, and the average of these measurements was 

taken. Tests and curing process were commenced according to the British 

Standards, 1981. (Part 5:1983). 

4.  Results and Discussion 

4.1.  Slump test 

The relationship between workability and the added percentages of glass and plastic 

wastes in the concrete mixes are shown in Fig. 1. The effect glass wastes (at ratios 

from 0 to 20%) on slumps and on the strengths of concrete is shown in Fig. 1(a). 

The results demonstrated that the workability of the developed concrete is very 

comparable with that of controls. On the contrary, the results indicated that the 

slump increases with the increase of the plastic ratio, Fig. 1(b). This change in the 

slump could be explained to the physical properties of the plastic particles, 

which have a sharper edge than the fine aggregates [1, 23-27]. 

  

(a) Using glass wastes. (b) Using of plastic wastes. 

Fig. 1. Concrete workability verses percentages of glass and plastic wastes. 
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4.2.  Compressive strength test  

4.2.1. Ordinary concrete (controls) 

Compressive strength of ordinary concrete (without waste materials) is shown in 

Fig. 2, which will be used for comparison purposes. 

 

Fig. 2. Compressive strength of ordinary concrete. 

4.2.2.Glass waste contain concrete 

• Replacing sand by glass wastes 

As it was mentioned above, the glass wastes were initially crushed in the laboratory 

and then sieved to a maximum size of 1.18 mm. Different ratios (5 %, 10 %, 15 %, 

and 20 %) of these wastes were applied as sand replacement in concrete. Figure 3 

shows the development of the compressive strength during the experimental work for 

each mixing ratio. This trend in the compressive strength could be explained by the 

silica content of the glass wastes that enhanced, which in turn enhanced the strength 

development of concrete [1, 23-27]. 

 

Fig. 3. Compressive strength for sand replacement by glass wastes. 
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• Replacing cement by glass wastes 

In this experiment, the crashed glass wastes were sieved to a maximum size of 300µm 

before it was applied in concrete. Figure 4 shows the progress of the compressive 

strength, for each mixing ratio, during the test. This decrease in the compressive 

strength, at late ages, is explained by the fact that decreasing the amount of cement 

in the concrete decreases the binding between the components of concrete, which 

in turn decreases the compressive strength [1, 23-27]. 

 

Fig. 4. Compressive strength for cement replacement by glass wastes. 

• Replacing both sand and cement by glass wastes 

In this stage of work, both cement and sand were replaced, at different ratios, by glass 

wastes. The obtained results, Fig. 5, indicated that the best compressive strength was 

obtained by adding 20 % and 15 % of glass wastes as a replacement for sand and 

cement, respectively. Where, it has been found that the compressive strength of the 

developed concrete, at this replacing ratio, was better than the normal concrete. This 

behaviour of the new concrete could be attributed to the physical properties of glass 

particles (such as the surface texture and load resistance). Therefore, according to 

these results, it could reasonable to recommend using glass wastes as a substitution 

for sand (up to a certain limit). 

 

Fig. 5. Compressive strength verses time (20 % of sand 

and 15 % of cement was replaced by glass waste). 
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4.2.3. Plastic waste contain concrete 

• Replacing sand by plastic wastes 

Plastic waste was reutilized in this work by grinding it into small particles and then 

sieved to a maximum size of 1.18mm. Figure 6 shows the measured compressive 

strength at different ages for each mixing ratio. This decrease in the compressive 

strength is explained by the fact that plastic wastes do not contain a remarkable 

amount of binding materials or silica. Thus, increasing the percentage of plastic 

wastes decrease the binding between the components of concrete, which in turn 

decreases the compressive strength [1, 23-27]. 

 

Fig. 6. Relationship between compressive strengths and age (days) 

when using 5% plastic as a substitute for sand. 

• Replacing cement by plastic wastes 

Waste plastic was utilized, in this study, by grinding them into smaller particles, and 

then sieved to the maximum size of 300 µm. Figure 7 shows the measured 

compressive strength at different ages for each mixing ratio. An inverse relationship 

has been noticed between the compressive strength and age (days) when utilizing 5, 

10, 15 and 20% plastic as a replacement for sand and cement. These reductions in 

strength are due to the strength of the plastic particles, which are smaller than that of 

the aggregates. Therefore, both the use of concrete with plastic particles and the 

percentages of replacements should be managed, in accordance with the permitted 

strengths of the structural elements to be built. This decrease in the compressive 

strength, at late ages, is explained by the fact that decreasing the amount of cement 

in the concrete decreases the binding between the components of concrete, which 

in turn decreases the compressive strength [1, 23-27]. The obtained results showed 

good agreement with some of the previous studies. For example, it has been reported 

by Mohammadinia et al. [46] and Siddique et al. [47] that increasing the ratio of 

waste glass in concrete (as a partial replacement for fine aggregates) decreases the 

compressive strength. 

Finally, due to the recent development in sensing and prediction technologies in 

the concrete industry and other industries [16, 48-50], the author recommends using 

these techniques to monitor the behaviour of such new types of concrete. This helps 

to have a better understanding of the nature and progress of chemical reactions.   
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Fig. 7. Relationship between compressive strengths  

and age (days) when using 5% plastic as a substitution. 

5.  Conclusions 

The results of the current research highlight the following: 

• Mechanical properties of concrete, compressive strength and slumps, 

increases with the increase of waste glass ration and decreases with the 

increase of waste plastic ratio.  

• Sand and cement could both be replaced with powdered waste glass (20% 

sand and 15% cement) without any noticeable difference in compressive 

strength. Thus, these ratios could be recommended as it ensures effective and 

eco-friendly recycling of waste glass.  

• Addition of 20% of glass wastes to concrete enhanced the compressive 

strength of the concrete, which reached a comparable level to that of ordinary 

concrete. Contrary, the addition of 20% of plastic wastes to the concrete 

remarkably decreased the compressive strength in comparison with ordinary 

concrete. As a result, it is advised that concrete with plastic wastes to be used 

in civil engineering applications that require low compressive strengths (≤ 

25 MPa), such as insulation walls, unloaded walls, and foundations for 

fences. This would contribute to minimising the constriction cost of such 

structures and enhances the environment by decreasing the need for cement 

and sands. 
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