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ABSTRACT 
The attempt to reuse plastic waste in concrete is a significant issue because it helps in 

preserving natural resources and in decreasing environmental contamination. The main 

aim of this research is to investigate the impact of adding Polyethylene terephthalate 

(PET) particles on the characteristics of concrete. PET particles were utilized as a partial 

replacement of fine aggregate by 2.5%, 5%, 7.5%, and 10% of volume. Mechanical 

characteristics of concrete were evaluated by various tests such as compressive strength, 

flexural strength, and splitting tensile strength. Absorption rate test, dry unit weight test, 

and ultrasonic pulse velocity test were conducted to assess the performance of concrete. 

Fresh concrete properties were determined using a slump test. Different water-to-cement 

ratios of 0.4 and 0.55 and cement content of 400 kg/m3 and 300 kg/m3, respectively, were 

used to prepare samples. The compressive strength test was conducted on cubic concrete 

samples with dimensions of 15×15×15 cm. Beams with dimensions of 10×10×50 cm were 

utilized to measure the flexural strength of all mixtures. The findings were determined at 

28 days of curing. It revealed that PET mixtures had lower workability compared to 

reference mixture. The mixture with 5% PET achieved maximum compressive strength 

increase by 7.1%, and 12.39% with respect to that of the reference mixture at w/c=0.4, and 

0.55, respectively. Flexural strength takes the same direction as compressive strength. 

Indirect tensile strength decreased by increasing the ratio of PET. The elastic modulus of 

PET mixtures decreased with an increase in PET content. 

Keywords: PET fibers, Dry unit weight, Ecosystem, Ultrasonic pulse velocity, 

Slump. 

 

1. INTRODUCTION 

Plastic waste harms the ecosystem. It represents a 

big problem for the environment because of low 

biodegradability. Almeshal et al. [1] produced concrete 

including PET particles as a partial replacement of 

sand with different ratios and assessed its performance. 

The findings indicated that the density of PET mixtures 

reduced. The replacement of sand with PET particles 

has a negative impact on the mechanical characteristics 

of concrete. Adnan and Dawood [2] studied the effect 

of PET fibers on the performance of reinforced 

concrete beams. Five mixtures of normal concrete with 

w/c=0.41 and four mixtures including different ratios 

of PET particles with various forms and lengths were 

prepared. Four beams with dimensions of 

150×200×1400 mm were tested to determine the 

strength of simple support beams. It was noticed that 

there is a slight reduction in the maximum failure load 

of samples and their stiffness. Despite this, there was a 

significant enhancement in ductility property for all 

concrete beams, especially the hybrid beam and the 

initial stiffness has increased. Smaoui et al. [3] 

investigated the impact of PET fibers on the behavior 

of concrete up to 20 kg/m
3
 of PET fractions. PET fibers 

were treated with heat. The splitting tensile strength 

increased up to 120% due to thermal treatment. The 

mechanical characteristics of concrete have 

significantly enhanced. Thermal conductivity 

decreased up to 30 % by using PET fibers. The 

findings indicated improved resistance to the 

explosives. Dawood et al. [4] showed that the density 

and ultrasonic velocity of PET concrete mixtures 

reduced while water absorption increased with an 

increase in PET ratios. The compressive strength, 

indirect tensile strength, and flexural strength increased 
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at ratios of 5% -12.5% by 26.8 % – 43.64 %, 18.6 % – 

26.9 %, and 18.1 % –30.2 % with respect to the control 

mix, respectively. Energy absorption and strain of the 

samples increased at ratios of replacement 5% - 20% of 

PET. The modulus of elasticity reduced as the ratios of 

PET particles increased. The substitution of sand with 

PET particles has a positive influence on the strength if 

the substitution ratio does not exceed 15%. PET fibers 

resulting from plastic bottles were utilized in reinforced 

concrete beams at two ratios of 0.5%, and 1% by 

volume. The flexural strength of reinforced beams with 

PET particles of layered distribution was assessed. The 

results indicated that the utilization of PET particles of 

layered distribution improved the maximum load. The 

curve of load deflection indicated that beams with 

layered PET fibers have additional deflections before 

rupture. The toughness of beams with PET particles of 

layered distribution multiplied at a ratio of 1% PET. 

This improvement in flexural toughness and ductility 

utilizing layered distribution is a significant discovery 

that can encourage this sort of sustainable concrete in a 

variety of construction applications [5]. Abdullah and 

Haido studied [6] the flexural strength of reinforced 

concrete beams produced with normal concrete and 

high-strength concrete as a repair material including 

PET fibers. A slant shear test was used to assess the 

effectiveness of high-strength concrete as a repair 

substance for normal concrete using four methods to 

rough the surface of normal concrete. The findings of 

flexural strength and slant shear revealed that using 

interfacial surfaces with sandblasted between normal 

concrete and high-strength concrete resulted in the best 

bond in members. The flexural strength of monolith 

and hybrid concrete beams containing PET fibers was 

investigated. For this purpose, six beams which 

measured 3300x150x250 mm in size were tested. 

Reference mixture and PET monolith samples were 

prepared. In addition, hybrid samples consisted of 

normal concrete in the upper part of the samples and 

PET concrete at the bottom of the samples. Various 

tests were conducted on the beams such as flexural 

strength, failure mode, and stiffness. Results indicated 

that the compressive strength and indirect tensile 

strength of PET mixtures decreased. Also, hybrid 

samples gave better behavior than PET monolith 

samples and there is no difference between failure 

mode in PET monolith and hybrid samples [7]. 

Mohammed and Karim [8] utilized PET fibers with 

various lengths and different ratios in concrete. Sixteen 

high-strength concrete mixtures were cast and 

subjected to various tests. Findings demonstrated a 

little variation in ultrasonic pulse velocity. The 

compressive strength of PET samples with lengths 10, 

20, and 40 mm decreased by 15.74%, 14.37%, and 

10.28%, respectively with respect to the reference mix. 

PET fibers improved indirect tensile and flexural 

strength by 63.3%, and 24.7%, respectively. Impact 

strength behavior enhanced in first crack impact and 

ultimate load impact which achieved 300%, and 833%, 

respectively based on the length and fraction volume of 

PET fibers. PET particles were utilized in concrete as a 

partial replacement for fine aggregate. Modulus of 

rupture and compressive strength tests were performed. 

The findings revealed that a mixture with 5%PET gave 

greater compressive strength than other samples. The 

modulus of rupture of PET mixtures was lower than 

that of the reference mix [9]. Panara et al. [10] 

evaluated the performance of concrete under cyclic 

loading. It was observed that PET strips could increase 

loading capacity, reduce variability, and delay the 

spread of collapse. A simple equation for calculating 

the confinement influence caused by the existence of 

PET strips in a concrete mixture was suggested. Most 

authors accepted that plastic waste reduces thermal 

conductivity. PET fibers used in concrete as a partial 

substitution of aggregate can decrease the density of 

concrete and increase the modulus of rupture and 

residual modulus of rupture [11]. Chong and Shi [12] 

used PET fibers as a partial substitution of fine 

aggregate and observed better results than the partial 

replacement of coarse aggregate. The compressive 

strength of PET concrete mixtures improved up to 30% 

a partial substitution of fine aggregate. 

2. RESEARCH SIGNIFICANCE 

Most researchers investigated the utilization of 

plastic waste in concrete, but their studies gave weak 

compressive strength results. The main objective of 

this research is to enhance the performance of concrete. 

The recycled PET was used as a partial replacement of 

fine aggregate with different ratios of PET, water-to-

cement ratios of 0.4 and 0.55, and cement content of 

400 kg/m
3
 and 300 kg/m

3
. Locally available materials 

were used. The tests results of PET mixtures have been 

compared with that of the control mix at 28 days of 

curing. The effect of PET fibers on the consistency of 

concrete, mechanical, and physical properties was 

assessed. This research considers an approach toward 

improving sustainable concrete. 

3. EXPERIMENTAL PROGRAM 

3.1. Materials 

Ordinary Portland cement CEM I 42.5N was 

utilized. The fineness modulus of used sand was 2.65, 

the bulk density was 1728.9 kg/ m
3
, and the maximum 

nominal size of dolomite was 19 mm. Used bottles 

have been washed to clean them from any impurities, 

then have been grinded to have PET with sizes from 1-

5 mm. The bulk density of PET particles was 464.265 
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kg/m
3
. Figure 1 presents PET fibers used in preparing 

concrete mixtures. 

 

 

Figure 1: PET fibers used in preparing concrete mixtures 

3.2. Mixture Proportions 

Four mixtures were performed with four replacement 

ratios of fine aggregate 2.5%, 5%, 7.5%, and 10% by 

volume to study the effect of PET fibers on the 

characteristics of concrete along with the control mix. 

Various tests were conducted on the samples such as 

compressive strength, indirect tensile strength, flexural 

strength, density, water absorption, modulus of 

elasticity, and ultrasonic pulse velocity for hardened 

concrete. The slump test was performed on fresh 

concrete. Mix proportions were designed based on the 

British method. Different water-to-cement ratios of 0.4 

and 0.55 and cement content of 400 kg/m
3 

and 300 

kg/m
3
, respectively, were used to prepare samples. The 

results of PET concrete mixtures were compared to the 

reference mix. Tables 1 and 2 present mix proportions 

for 1m
3
 of concrete. 

 

Table 1. Mixture proportions for m3 of concrete  

(w/c=.4, cement=400 kg/m3) 

 

Table 2. Mixture proportions for m3 of concrete  

(w/c=0.55, cement=300 kg/m3) 

4. RESULTS & DISCUSSION 

4.1. Results of Fresh Concrete 

A slump test for PET mixes was conducted to 

evaluate the effect of PET fibers on the workability of 

fresh concrete according to ASTM C143. It was 

observed that slump values of PET fibers mixtures 

decreased with respect to that of the reference mix at 

w/c=0.4, and 0.55 as shown in Figure 2. The higher the 

PET percentage, the lower the slump values. This is 

consistent with other research [1, 2, 13, 14]. For 

substitution ratios 2.5%, and 10% of PET, The slump 

values decreased by 12.5%, and 37.5% at w/c=0.4, and 

it diminished by 5.5% and 33.3% at w/c=0.55. The 

reduction of slump values can be explained that PET 

fibers have a sharp and irregular shape. This increases 

the surface area of fibers leading to increased mixing 

water consumption. Several authors have confirmed 

these observations [1,15]. 

 

Figure 2: Effect of PET fibers on the slump of fresh 

concrete at various ratios of water to cement 

4.2. Results of Hardened Concrete  

4.2.1. Compressive Strength  

The compressive strength of PET mixtures was 

measured at 28 days of curing on cubic samples with 

dimensions of 15×15×15 cm and compared with that of 

the reference mix [16]. Figure 3 shows that the 

compressive strength of PET mixtures increased at the 

substitution ratio of PET2.5%, and PET5% by 4.5%, 

and 7.1% while decreased by 1.31%, and 3.7% at the 

substitution ratio of PET7.5%, and PET10%, 

respectively at w/c=0.4. The compressive strength of 

PET mixtures at w/c ratios of 0.55 was lower than that 

of PET mixtures with w/c ratios of 0.4. It was observed 

the same trend of compressive strength at w/c=0.55. It 

increased by 5.95%, and 12.39% at substitution ratio of 

PET2.5%, and PET5% while reduced by 2.85%, and 

5.95% at substitution ratio of PET7.5%, and PET10%, 

respectively. This can be explained that with the 

increasing ratio of PET more than 5%, the voids ratio 

of  PET mixtures increased and the compaction of 

concrete decreased. Therefore, the adhesive force 

between the PET particle's surface and the cement 

paste reduced. This agrees with other studies [1,18]. 
The mixture with 5% PET achieved a maximum 
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increment in compressive strength compared to other 

PET mixtures. 

 

Figure 3: Influence of PET fibers on the compressive 

strength at various ratios of water to cement at 28 days of 

curing 

4.2.2. Flexural Strength  

The influence of PET fibers on flexural strength was 

determined on concrete beams with dimensions of 

10×10×50 cm at 28 days of curing [19,20]. Figure 4 

illustrates that flexural strength takes the same 

direction as compressive strength. Flexural strength of 

PET mixtures increased at replacement ratios of 

PET2.5%, and PET5% while decreasing at PET7.5%, 

and PET10% for w/c=0.4, and 0.55 [17].It increased by 

4.3%, 7.5% at PET2.5% and PET5% while reduced by 

3.7%, and 10.1% at PET7.5%, and PET10% for 

w/c=0.4.It also increased by 5.4%, 9.3% at PET2.5% 

and PET5% while decreased by 1.1%, and 4.46% at 

PET7.5%, and 10% for w/c=0.55. When PET ratios 

increase more than 5%, the flexural strength decreases 

due to the low bond between the surface of PET 

particles and cement past resulting from the 

hydrophobic behavior of PET fibers as was observed in 

various research [1,21]. 

 

Figure 4: Influence of PET fibers on the flexural strength 

at various ratios of water to cement at 28 days of curing 

4.2.3. Splitting Tensile Strength  

     A splitting tensile strength test was conducted on 

cylindrical samples with dimensions of 15×30 cm at 28 

days of curing [22]. The results indicated that splitting 

tensile strength reduced as the content of PET 

increased at w/c=0.4, and 0.55 with respect to the 

reference mix as illustrated in Figure 5. The splitting 

tensile strength of PET mixtures reduced by 4.5%, 

6.8%, 9.1%, and 14.5% at replacement ratios of 

PET2.5%, PET5%, PET7.5%, and PET10%, 

respectively compared with reference mix for w/c=0.4. 

It takes the same trend at w/c=0.55.The maximum 

decline of splitting tensile strength was at 10% PET. 

The reduction of splitting tensile strength was due to 

low stiffness, angular shape, and smooth surface of 

PET fibers compared with fine aggregate. This is in 

line with many researchers [1,23]. The failure mode of 

PET mixtures resulting from the splitting tensile 

strength test is shown in Figure 6. It was observed that 

the distinguished shape and flexibility of PET particles 

hinder the complete collapse of the cylinder, where 

PET particles can interlock between the two cracked 

surfaces[17]. 

  

Figure 5: Influence of PET fibers on splitting tensile 

strength at various ratios of water to cement at 28 days of 

curing 

 

Figure 6:  The failure mode of the concrete cylinder 

including PET particles in splitting tensile strength test 

4.2.4. Absorption Rate 

The absorption rate was performed on cubic samples 

with dimensions of 10×10×10 cm at 28 days of curing 

[24]. The results demonstrated that the absorption rate 

increased with increased ratios of PET fibers [25]. The 

reference mix achieved absorption rates of 1.1%, and 

1.5% with ratios of w/c=0.4, and 0.55, respectively. 
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The mixture with PET10% showed the maximum 

absorption rate compared with other PET mixtures, it 

increased to 2.2%, and 2.3% at ratios of w/c=0.4, and 

0.55 as illustrated in Figure 7. The irregular shape of 

PET fibers is a reason for this increment. There is 

agreement on this explanation from researchers [17]. 

 

Figure 7: Influence of PET fibers on absorption rate at 

various ratios of water to cement at 28 days of curing 

4.2.5. Dry Unit Weight  

The dry unit weight of cubic samples containing PET 

fibers with dimensions of 15×15×15 cm was 

determined after 28 days of curing and compared with 

the reference mix at w/c=0.4, and 0.55 [26]. The dry 

unit weight of PET mixes decreased with respect to 

that of the reference mix as presented in Figure 8. The 

dry unit weight of the control mix was 25.25, and 25.02 

KN/m
3
 at w/c=0.4, and 0.55, respectively. Dry unit 

weight reduced at PET2.5%, 5%, 7.5%, and 10% to 

25.13, 25, 24.91, and 24.78 KN/m
3
 at w/c=0.4 and it 

decreased to 24.88, 24.7, 24.54, and 24.42 KN/m
3
 at 

w/c=0.55. This is due to the low unit weight of PET 

particles compared to that of fine aggregate. Other 

studies had the same results [5,27,28]. The 10%PET 

mix achieved the minimum dry unit weight compared 

to that of the control mix at w/c=0.4, and 0.55. 

 

Figure 8: The dry unit weight of PET mixes at various 

ratios of water to cement at 28 days of curing 

 

 

4.2.6. Ultrasonic Pulse Velocity 

The effect of PET fibers on the ultrasonic pulse 

velocity was studied. The findings indicated that the 

higher the PET fibers ratios the lower the ultrasonic 

pulse velocity as illustrated in Figure 9, where the 

nature of PET fibers causes many voids in concrete 

mixtures. Also, Ultrasonic pulse velocity reduced with 

increment water to cement ratio because extra water 

evaporates, leaving voids in its place [1,17]. 

 

Figure 9: Ultrasonic pulse velocity of PET mixes at 

various ratios of water to cement at 28 days of curing 

4.2.7. Elastic Modulus 
The stress-strain curves of the PET and control 

mixtures were used to determine the modulus of 

elasticity conforming to ASTM C-469 [29]. Elastic 

modulus was conducted on PET mixtures and the 

results compared with that of the reference mix as 

presented in Figure 10. It was noted that the elastic 

modulus of PET mixtures decreased with an increase in 

PET content at w/c=0.4, and 0.55. The relationship 

between elastic modulus and PET ratios is linear. The 

main reason for this reduction in elastic modulus is due 

to the weak adhesion of PET fibers with cement paste 

[17]. 

 

Figure 10: Elastic modulus of PET mixes at various ratios 

of water to cement 
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5. CONCLUSIONS 

The previous tests led to the following conclusions:  

1- The workability of PET fibers mixtures decreased 

with respect to that of reference mix at w/c=0.4, and 

0.55. The higher the PET percentage, the lower the 

slump values. 

2- Absorption rate increased with increasing ratios of 

PET fibers. The mixture with PET10% showed the 

maximum absorption rate compared with other PET 

mixtures, it increased to 2.2%, and 2.3% at ratios of 

w/c=0.4, and 0.55. 

3- The compressive strength of PET mixtures increased 

at the substitution ratio of PET2.5%, and PET5% by 

4.5%, and 7.14% while decreasing by 1.31%, and 3.7% 

at the substitution ratio of PET7.5%, and PET10%, 

respectively with w/c=0.4. The compressive strength of 

PET mixtures at w/c ratios of 0.55 was lower than that 

of PET mixtures with w/c ratios of 0.4. It was observed 

the same trend of compressive strength with w/c=0.55. 

It increased by 5.95%, and 12.39% at substitution ratio 

of PET2.5%, and PET5% while reduced by 2.85%, and 

5.95% at substitution ratio of PET7.5%, and PET10%, 

respectively.  The mixture with 5% PET achieved a 

maximum increment in compressive strength compared 

to other PET mixtures. 

4- Flexural strength takes the same direction as 

compressive strength. The flexural strength of PET 

mixtures increased at replacement ratios of PET2.5%, 

and PET5% while decreasing at PET7.5%, and 

PET10% for w/c=0.4 and 0.55.It increased by 4.3%, 

7.5% at PET2.5% and PET5% while reduced by 3.7%, 

and 10.1% at PET7.5%, and PET10% for w/c=0.4. It 

also increased by 5.4%, 9.3% at PET2.5% and PET5% 

while decreased by 1.1%, and 4.46% at PET7.5%, and 

10% for w/c=0.55. 

5- The splitting tensile strength reduced as the content 

of PET increased at w/c=0.4, and 0.55 with respect to 

the reference mix. The splitting tensile strength of PET 

mixtures reduced by 4.5%, 11.36%, 12.5%, and 14.5% 

at replacement ratios of PET2.5%, PET5%, PET7.5%, 

and PET10%, respectively, compared with reference 

mix for w/c=0.4. It takes the same trend at 

w/c=0.55.The maximum decline of splitting tensile 

strength was at 10% PET. 

5- The dry unit weight of PET mixtures reduced with 

respect to that of the reference mix. The mixture with 

10%PET achieved the minimum dry unit weight 

compared to that of the control mix at w/c=0.4, and 

0.55. 

6- The higher the PET fibers ratios in the mixtures the 

lower the ultrasonic pulse velocity where the nature of 

PET fibers causes many voids in concrete mixtures. 

7- The elastic modulus of PET mixtures decreased with 

an increase in PET content at w/c=0.4, and 0.55. The 

relationship between elastic modulus and PET ratios is 

linear. 

 

Acknowledgments 

This scientific investigation was conducted at 

materials properties lab in Delta Higher Institute for 

Engineering and Technology , Mansoura, Egypt. Many 

thanks to Assoc. Prof. Ashrf Beshr (Head of civil 

engineering department). 

 

Declaration of Funding  

No financial support was received. 

 

Declaration of competing Interest 

The author declares that he has no known 

competing financial interests or personal relationships 

that could have appeared to influence the work reported 

in this paper. 

6. REFERENCES 

[1] I. Almeshal, B. A. Tayeh, R. Alyousef, H. 

Alabduljabbar, and A.M. Mohamed, “Eco-friendly 

concrete containing recycled plastic as a partial 

replacement for sand,” J Mater Res Technol, vol. 9, 

2020, 3, pp. 4631-4643. 

https://doi.org/10.1016/j.jmrt.2020.02.090 

 [2] H.M. Adnan, and A.O. Dawood, “Strength 

behavior of reinforced concrete beam using re-cycle of 

PET wastes as synthetic fibers,” Case studies in 

Construction Materials, vol. 13, 2020, e00367. 

https://doi.org/10.1016/j.cscm.2020.e00367 

[3] H. Smaoui, A. Trabelsi, Z. Kammoun, and B. 

Aouicha, “Mechanical, physical, blast waves and 

ballistic impact resistance properties of a concrete 

incorporating thermally treated PET inclusions,” 

Construction and Building Materials, vol. 365, 2023, 

130088. 

https://doi.org/10.1016/j.conbuildmat.2022.130088 

[4] A.O. Dawood, H. AL-Khazraji, and R.S. Falih, 

“Physical and mechanical properties of concrete 

containing PET wastes as a partial replacement for fine 

aggregates,” Case Studies in Construction Materials, 

vol. 14, 2021, e00482. 

https://doi.org/10.1016/j.cscm.2020.e00482 

[5] O.Kh. Ali, A.I. Al-Hadithi, and A.T. Noaman, 

“Flexural performance of layered PET fiber reinforced 

concrete beams,” Structures, vol. 35, 2022, pp. 55-67. 

https://doi.org/10.1016/j.istruc.2021.11.007 

[6] Q.M. Abdullah, and J.H. Haido,” Response of 

hybrid concrete incorporating eco-friendly waste PET 

fiber: Experimental and analytical investigations,” 

Construction and Building Materials, vol. 354, 2022, 

129071. 

https://doi.org/10.1016/j.conbuildmat.2022.129071 

[7] Fakhruddin, R. Irmawaty, and R. Djamaluddin, 

“Flexural behavior of monolith and hybrid concrete 

beams produced through the partial replacement of 

coarse aggregate with PET waste,” Structures, vol. 43, 

2022, pp.1134-1144. 

https://doi.org/10.1016/j.istruc.2022.07.015 

[8] A.A. Mohammed, and S.H. Karim, “Impact 

strength and mechanical properties of high strength 

https://doi.org/10.1016/j.jmrt.2020.02.090
https://doi.org/10.1016/j.cscm.2020.e00367
https://doi.org/10.1016/j.conbuildmat.2022.130088
https://doi.org/10.1016/j.conbuildmat.2022.130088
https://doi.org/10.1016/j.cscm.2020.e00482
https://doi.org/10.1016/j.istruc.2021.11.007
https://doi.org/10.1016/j.conbuildmat.2022.129071
https://doi.org/10.1016/j.istruc.2022.07.015


27 
 

concrete containing PET waste fiber,” Journal of 

Building Engineering, vol. 68, 2023,106195. 

https://doi.org/10.1016/j.jobe.2023.106195 

[9] R.I. Umasabor, and S.C. Daniel, “The effect of 

using polyethylene terephthalate as an additive on the 

flexural and compressive strength of concrete,” 

Heliyon, vol. 6, 2020, e04700. 

https://doi.org/10.1016/j.heliyon.2020.e04700 

[10] V. Panara, V. Bhonde, Sh. Patel, Sh. Jayswal, K. 

K. R. Iyer, and M.  Mungule, “Effect of waste PET 

strips as reinforcement in concrete under cyclic 

loading,” Cleaner Materials, vol. 6, 2022, 100147. 

https://doi.org/10.1016/j.clema.2022.100147 

[11] I. Mercante, C. Alejandrino, J.P. Ojeda, J. Chini, 

C. Maroto, and N. Fajardo, “Mortar and concrete 

composites with recycled plastic: A review,” Science 

and Technology of Materials, vol. 30, 2018, pp. 69-79. 

https://doi.org/10.1016/j.stmat.2018.11.003 

[12] B.W. Chong, and X. Shi, “Meta-analysis on PET 

plastic as concrete aggregate using response surface 

methodology and regression analysis”, Journal of 

Infrastructure Preservation and Resilience,” Springer, 

vol. 4, 2023, pp. 2-15. 

https://doi.org/10.1186/s43065-022-00069-y 

[13] M. Mustafa, I. Hanafi, R. Mahmoud, and B.A. 

Tayeh, “Effect of partial replacement of sand by plastic 

waste on impact resistance of concrete: experiment and 

simulation,” Structures, vol. 20, 2019, pp. 519–26. 

https://doi.org/10.1016/j.istruc.2019.06.008 

[14] A. C. Bhogayata, and N. K. Arora, “Fresh and 

strength properties of concrete reinforced with 

metalized plastic waste fibers,” Constr. Build. Mater., 

vol. 146, 2017, pp. 455–463. 

https://doi.org/10.1016/j.conbuildmat.2017.04.095 

[15] Z. Z. Ismail, and E. A. Al-Hashmi, “Use of waste 

plastic in concrete mixture as aggregate replacement,” 

Waste Management, vol. 28, 11, 2008, pp. 2041–2047. 

https://doi.org/10.1016/j.wasman.2007.08.023 

[16] ISO 4012 Concrete-Determination of Compressive 

Strength of Test Specimens. 

[17] E. Rahmani, , M. Dehestani, M.H.A.Beygi, H. 

Allahyari, and I.M. Nikbin, “On the mechanical 

properties of concrete containing waste PET particles,” 

Construction and Building Materials, vol. 47, 2013, pp. 

1302-1308. 

https://doi.org/10.1016/j.conbuildmat.2013.06.041 

[18] A.K. Jassim, “Recycling of polyethylene waste to 

produce plastic cement. Procedia Manufacturing,” vol. 

8, 2017, pp. 635–642. 

https://doi.org/10.1016/j.promfg.2017.02.081 

[19] ISO 1920 Concrete Tests-Dimensions, Tolerances, 

and Applicability of Test Specimens. 

[20] ISO 4013 Determination of Flexural Strength of 

Test Specimens. 

[21] Z. Ge, R. Sun, K. Zhang, Z. Gao, and P. Li, 

“Physical and mechanical properties of mortar using 

waste Polyethylene Terephthalate bottles,” 

Construction and Build Materials, vol. 44, 2013, pp. 

81–86. 

https://doi.org/10.1016/j.conbuildmat.2013.02.073 

[22] BS-1881 Testing Concrete, Part 117 Method of 

Determination of Tensile Splitting Strength. 

[23] J.O. Akinyele, and A. Ajede, “The use of 

granulated plastic waste in structural concrete,” African 

J Sci Technol Innov Dev, vol. 10,2, 2018, pp. 169–175. 

https://doi.org/10.1080/20421338.2017.1414111 

[24] ASTM C642. Standard Test Method for Density, 

Absorption, and Voids in Hardened Concrete. 

Philadelphia (PA): ASTM; 2001. 

[25] C. Albano, N. Camacho, M., Hernandez, A. 

Matheus, and A. Gutierrez, “Influence of content and 

particle size of per waste bottles on concrete behaviour 

at different w/c ratio,” Waste Management (Oxford), 

vol. 29, 2009, pp. 2707–2716. 

https://doi.org/10.1016/j.wasman.2009.05.007 

 [26] BS 1881.  Part 114 Methods for determination of 

density of hardened concrete. 

[27] M. Batayneh., I. Marie, and I. Asi, “Use of 

selected waste materials in concrete mixes,” Waste 

Management, vol. 27, 12, 2007, pp. 1870–6. 

https://doi.org/10.1016/j.wasman.2006.07.026 

[28] N. Saikia, and J. de Brito, “Mechanical properties 

and abrasion behaviour of concrete containing 

shredded PET bottle waste as a partial substitution of 

natural aggregate,” Construction and Build Materials, 

vol. 52, 2014, pp. 236–44. 

https://doi.org/10.1016/j.conbuildmat.2013.11.049 

[29] Standard Test Method for Static Modulus of 

Elasticity and Poisson’s Ratio of Concrete in 

Compression. 

 

https://doi.org/10.1016/j.jobe.2023.106195
https://doi.org/10.1016/j.heliyon.2020.e04700
https://doi.org/10.1016/j.clema.2022.100147
https://doi.org/10.1016/j.stmat.2018.11.003
https://doi.org/10.1016/j.istruc.2019.06.008
https://doi.org/10.1016/j.conbuildmat.2017.04.095
https://doi.org/10.1016/j.wasman.2007.08.023
https://doi.org/10.1016/j.conbuildmat.2013.06.041
https://doi.org/10.1016/j.promfg.2017.02.081
https://doi.org/10.1016/j.conbuildmat.2013.02.073
https://doi.org/10.1080/20421338.2017.1414111
https://doi.org/10.1016/j.wasman.2009.05.007
https://doi.org/10.1016/j.wasman.2006.07.026
https://doi.org/10.1016/j.conbuildmat.2013.11.049

