
  

 
Abstract—This study is about the behavior of concrete 

formulated with plastic waste. Two hundred and thirteen 
referenced values, were collected and analyzed. The collected 
samples are representative of the concretes produced by 
different researchers. The effects of the incorporation of plastic 
waste on the behavior of concrete in the fresh and hardened 
states were examined. It was noticed, that the behavior of the 
concrete depends on the rate of plastic waste incorporation. 
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I. INTRODUCTION 

The world is faced with the problem of recovering and 
recycling plastic waste. This plastic waste, whatever its origin, 
is not biodegradable and today contributes to dangerous 
pollution. At the same time, demand for concrete is increasing. 
This demand for concrete leads to overconsumption of natural 
aggregates. In the short to medium term, this could lead to a 
scarcity of local natural deposits. The solution to this dual 
problem could be to replace part of the natural aggregates by 
plastic waste in the manufacture of concrete. This is the 
rationale behind this study. The aim is to analyze the effect of 
incorporating plastic waste on the mechanical behavior of 
concrete. To this end, two hundred and thirteen referenced test 
values were collected and analyzed. The samples collected are 
representative of the concretes produced by the various 
researchers.. The types of waste are listed as follows: (HDPE) 
for high-density polyethylene, (LDPE) for low-density 
polyethylene, (PET) for polyethylene terephthalate, (PVC) for 
polyvinyl chloride, (PP) for polypropylene, (WFSCC) for 
waste plastic bag fibers, (N.I) unidentified, (MPW) for 
metallized polypropylene fibers, and (HDPI) for high-impact 
polystyrene. Waste dimensions are quoted. The percentage of 
waste substitution incorporated is also listed. 

II. TEST PROGRAMS 

For each study referenced, test programs have been 
organized to study the properties of the concretes in their fresh 
and hardened states. These concretes are formulated using 
waste plastics. Plastic waste is introduced, step by step, as a 
replacement for natural aggregates. The characteristics, 
morphology and substitution rates of plastic waste differ from 
one study to another. [1 to 13] 

For all the tests analyzed, the characteristics of reference 
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concrete with 0% plastic waste, formulated solely with natural 
aggregates, were first measured. 

Next, concrete samples in which the natural aggregates were 
replaced by plastic waste were produced. Substitution rates are 
specific to each study. The mechanical characteristics of the 
concretes produced were thus established.  

III. EFFECT OF INCORPORATION PLASTIC WASTE ON FRESH 

CONCRETE BEHAVIOUR 

Thirty-nine documented test values for slump were 
collected, analyzed and plotted in Figure 1. Similarly, 
thirty-five referenced test values were collected and analyzed 
for the study of density. The various values are shown in Figure 
2. 

Fig. 1: Variation of slumps in referenced tests. 
It was observed that the slump curves were decreasing. In the 

cases analyzed, the concretes became increasingly firm as the 
ratio of plastic waste increased. In fact, the slump of these 
concretes decreases as the ratio of plastic waste introduced 
increases. Slump decreases as the percentage of plastic waste 
increases. 
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It was observed that the density curves were decreasing. The 
densities of the concretes considered decrease as the ratio of 
plastic waste introduced increases. The particle density of 
plastic aggregates, which is very low compared to that of 
natural aggregates, could explain this behavior 

4. EFFECT OF INCORPORATION PLASTIC WASTE ON 

CONCRETE BEHAVIOUR IN THE HARDENED STATE 

Fifty-seven documented test values were collected and 
analyzed for 28-day compressive strength. They are shown in 
Figure 3  

 

Fig. 3: Variation of compressive strengths in referenced tests. 
 

Forty-three documented test values were collected and 
analyzed for 28-day tensile strength. The test values are shown 
in Figure 4 

Fig.4: Variation of tensile strengths in referenced tests 
 
Thirty-nine documented test values were collected and 

analyzed for modulus of elasticity. The test values are shown in 
Figure 5. 

 

Fig.5: Variation of modulus of elasticity in referenced tests 
 

The curves for compressive strength at 28 days, tensile 
strength at 28 days and modulus of elasticity are decreasing. In 
fact, the values of these properties decrease as the ratio of 
plastic waste introduced increases. These characteristics 
decrease as the percentage of plastic waste increases. There is 
therefore a loss of performance as the substitution ratio 
increases. 

IV. RESULTS ANALYSIS 

In the various investigations, it was found that concrete 
mixes containing plastic waste became increasingly firm as 
the substitution of natural aggregates by waste increased. 
These observations were confirmed by the slump values 
shown in Figure 1. The slump of concrete containing plastic 
waste therefore decreases as the waste ratio increases. In fact, 
the slump of the reference concrete is always higher than 
that of concrete containing plastic waste. The slump curves 
are decreasing (Figure 1). This observation was confirmed 
by the authors of the studies cited, who noted a reduction in 
water demand when plastic waste aggregates were 
substituted. They observed that the presence of waste 
prevents the dough from settling. This reduces workability 
but increases compactability. 

It was observed that the density of fresh concrete 
decreases as waste plastics are substituted for natural 
aggregates. The density of fresh concrete is therefore 
inversely proportional to the rate of substitution of plastic 
waste. This trend can be clearly seen in Figure 2, where the 
density curve for concretes containing plastic waste 
decreases. In other words, the density of waste-containing 
concrete is lower than that of the reference concrete. This is 
because the density of plastic waste is lower than that of 
natural aggregates. This reduction in density was observed 
by all the authors. They correlated the density of the 
various aggregates with the density of the resulting 
concretes. 

The results shown in figures (3 to 5) demonstrate that 
compressive strength, tensile strength and modulus of 
elasticity decrease with increasing plastic waste content. 
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This loss of performance was explained by the authors cited, 
by analyzing the microstructure of concretes containing plastic 
waste. The existence of micro-cracks in the vicinity of the 
waste explains the drop in the mechanical properties of these 
concretes. They deduced that plastic waste in general has a 
harder time regaining strength than natural aggregates, and 

tends to formulate porous, lightweight concretes. 
Belmokaddem et al, and Alqahtani et al, reported that the 
reduction in strength of concretes formulated with plastic waste 
is due to the presence of pores and poor adhesion between the 
plastic waste and the cement matrix 

IV. CONCLUSIONS 

In the cases analyzed, the concretes became increasingly 
firm as the ratio of plastic waste increased. Regardless of the 
morphology and dimensions of the plastic waste aggregates: 

Densities of fresh concrete decrease as the plastic 
aggregate content increases, as the particle density of plastic 
aggregates is very low compared to that of natural aggregates. 

The compressive and tensile strengths and modulus of 
elasticity of concrete containing plastic aggregate are lower 
than those of reference concrete. These properties decrease 
with increasing plastic aggregate content. 

REFERENCES 
[1] Abdurrahman, M., Mohammed Ali, T., Radjab, N., Hilal, N. (2020). 

Mechanical Properties of Concrete and Mortar Containing Low Density 
Polyethylene Waste Particles as Fine Aggregate. Journal of Materials and 
Engineering Structures. 7(1) 57-72. 

[2]  Belmokaddem, M., Mahi, A., Senhadji, Y., Pekmezci, B. (2020). 
Mechanical and physical properties and morphology of concrete 
containing plastic waste as aggregate. Construction and Building 
Materials, 257, 119559. doi.org/10.1016/j.conbuildmat.2020.119559. 

[3] Boucedra, A., Bederina, M., Ghernouti, Y. (2020). Study of the acoustical 
and thermo-mechanical properties of dune and river sand concretes 
containing recycled plastic aggregates. Construction and Building 
Materials. 256, 119447. doi.org/10.1016/j.conbuildmat.2020.119447. 

[4] Aldahdooh, M., Jamrah, A., Alnuaimi, A., Martini, M.I., Ahmed, M.S.R., 
Ahmed, A.S.R. (2018). Influence of various plastics-waste aggregates on 
properties of normal concrete. j.jobe. 17, 
13-22.doi.org/10.1016/j.jobe.2018.01.014. 

[5] Sheelan, M., Nahla, N. (2017). Fresh properties of self-compacting 
concrete with plastic waste as partial replacement of sand. International 
Journal of Sustainable Built Environment. 6, 299-308. 
doi:10.1016/j.ijsbe.2017.01.001. 

[6] Bhogayata, A., Arora, N. (2017). Fresh and strength properties of concrete 
reinforced with metalized plastic waste fibers. Construction and Building 
Materials. 146, 455-463. doi:10.1016/j.conbuildmat.2017.11.135. 

[7] Olofinnade, O., Chandra, S., Chakraborty, P. (2020). Recycling of high 
impact polystyrene and low-density polyethylene plastic wastes in 
lightweight-based concrete for sustainable construction. In: Proceedings 
Materials Today.doi:10.1016/j.matpr.2020.05.176. 

[8] Saikia, N., De Brito, J. (2014). Mechanical properties and abrasion 
behavior of concrete containing shredded PET bottle waste as a partial 
substitution of natural aggregate. Constr. Build. Mater. 52, 236–244. 
doi:10.1016/j.conbuildmat.2013.11.049. 

[9] Faraj, R. H., Sherwani, F. A., Daraei, A. (2019). Mechanical, fracture and 
durability properties of self-compacting high strength concrete containing 
recycled polypropylene plastic particles. Journal of Building Engineering, 
25, 100808. doi.org/10.1016/j.jobe.2019.100808. 

[10] Chunchu, B.R.K., Putta, J. (2019). Rheological and strength behavior of 
binary blended SCC replacing partial fine aggregate with plastic E-waste 
as high impact polystyrene. Buildings 9(2) 50. 
doi.org/10.3390/buildings9020050. 

[11] Sadrmomtazi, A., Dolati-Milehsara, S., Lotfi-Omran, O., Sadeghi-Nik, A. 
(2016). The combined effects of waste Polyethylene Terephthalate (PET) 
particles and pozzolanic materials on the properties of self-compacting 
concrete. Clean.Prod., 112, 2363-2373, 10.1016/j.jclepro.2015.09.107. 

[12] Azhdarpour, A.M., Nikoudel, M.R., Taheri, M. (2016). The effect of 
using polyethylene terephthalate particles on physical and strength-related 
properties of concrete; A laboratory evaluation. Constr. Build. Mater. 
109, 55–62. doi.org/ 10.1016/j.conbuildmat.2016.01.056. 

[13] Abbas, O., Hayder, A.K., Raad, S. F. (2020). Physical and mechanical 
properties of concrete containing PET wastes as a partial replacement for 
fine aggregates. Case Studies in Construction Materials, 
doi.org/10.1016/j.cscm.2020.e00482 

 
 
 

Int'l Journal of Advances in Agricultural & Environmental Engg. (IJAAEE) Vol. 10, Issue 1 (2023) ISSN 2349-1523 EISSN 2349 -1531 

https://doi.org/10.17758/IJAAEE101.DiR1223101 27




