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Abstract
Plastics in all forms have invaded a large area of our daily life. Increased demand for plastics in the last decays has led to 
severe environmental issues due to the accumulation of plastic-related waste. This situation has provided scientists with 
a new research area to work on the properties and study the possible use of recycled plastics as a new generation of 
construction materials. In recent years, many studies have been conducted regarding the usage of plastic particles. Most 
of the studies focus on the methods of recycling and disposing of waste plastic materials in an environmentally friendly 
way. This paper is a review of published research articles on the incorporation of waste plastic materials in cementitious 
mixtures. Fresh, mechanical, and durability-related properties of composites containing plastic particles have been 
reviewed based on the current literature.
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Abbreviations
FA	� Fly ash
HDPE	� High-density polyethene
HIPS	� High-impact polystyrene
HPC	� High-performance concrete
HPSCC	� High-performance self-compacting concrete
HSC	� High-strength concrete
HVFA	� High-volume fly ash
LDPE	� Low-Density Polyethylene
LLDPE	� Linear low-density polyethene
MEPS	� Modified waste expanded polystyrene
MPW	� Metalized plastic waste
MSW	� Municipal solid waste
PBWF	� Plastic bag waste fiber
PC	� Polycarbonate
PET	� Polyethene terephthalate
PF	� Polypropylene fiber
PP	� Polypropylene
PS	� Polystyrene
PVC	� Polyvinyl chloride
RPF	� Recycled plastic fiber
SBR	� Styrene-butadiene rubber

SCC	� Self-compacting concrete
SCLC	� Self-compacting lightweight concrete
SF	� Silica fume
UHPC	� Ultra-high-performance concrete
UHPCC	� Ultra-high-performance cementitious 

composite
UHSC	� Ultra-high strength concrete
W/B	� Water-binder ratio
W/C	� Water-cement ratio

1  Introduction

The environment is being polluted by various types of 
plastic wastes that are used in our daily life such as plas-
tics used in packing films, wrapping materials, water bot-
tles, shopping, and garbage bags. Increasing demand for 
plastic materials is possibly because of plastics advanta-
geous properties such as low density, high strength to 
weight ratio, and high durability [1]. Reports show that 
even though plastics are small, but they are considered a 
significant part of waste products [2]. The biodegradation 
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of these plastic waste materials requires thousands of 
years [3]. This means serious environmental problems 
caused by burning waste materials or illegal landfilling. 
Soil productiveness, which is affected by the soil’s degree 
of permeability, is harmed by squandered plastics, which 
decrease the permeability of soil [4]. Gu and Ozbakkaloglu 
[1] reported that some plastic wastes pollute the environ-
ment by producing toxic components and releasing them 
to the atmosphere, such as plastics like polyvinyl chloride 
(PVC) and polycarbonate (PC). In Europe in 2016, plastic 
consumption reached about 27.1 million tons, 8.42 mil-
lion tons out of it ended up in recycling. Figure 1 graphi-
cally represents the treatment of post-consumer plastics 
in 2016 [5]. In 2016 for the first time, plastic recycling over-
took landfilling. 31.1% of plastic was recycled, 41.6 was 
energy recovered, and only 27.3% landfilled while in 2012, 
the recycling rate was 26.3%, and landfilling was 38.1% 
[5]. The amount of plastics used in Europe was 42.9 mil-
lion tons in 2012 out of these 25.2 million tons of plastics 

resulted in the waste stream [6]. From 1960 to 2012, the 
waste produced by plastics increased about 80 times, but 
the recycling of plastics started later at 1980 with a recy-
cling rate of 0.3%, by 2012 this rate increased to 8.8% but 
still not enough to protect the environment [1]. Table 1 
provides a list of types and amounts of plastics in munici-
pal solid waste (MSW) in the USA in 2013 [7]. In the table, 
many types of plastics and their recovery rates are listed. 
In total, 32.5 million tons of plastics were produced, and 3 
million tons were recycled which accounts for 9.2%, while 
in 2012 total plastic generated was 31.7 million, and 8.8% 
of it ended up recycling [7]. Studies of finding different 
ways of disposing plastics have been conducted to mini-
mize the detrimental effects of plastics since landfilling 
and incineration have been forbidden in many countries. 
Landfilling requires a large area, and incineration contrib-
utes to climate pollution. Engineers and scientists have 
started investigating various properties of plastic materi-
als and their use in the construction industry especially in 

Fig. 1   Treatment of post-
consumer plastics in 2016 by 
EU28 + NO/CH [5]

Table 1   Types and quantities 
of plastics in municipal solid 
waste (MSW) in the USA in 
2013 [7]

Type of plastic Generation
1000 tons

Recovery Discards
1000 tons

1000 tons % of generation

PET 4680 930 19.9 3750
HDPE 5580 570 10.2 5010
PVC 900 Neg Neg 900
LDPE/LLDPE 7460 470 6.3 6990
PLA 50 Neg Neg 50
PP 7400 40 0.5 7360
PS 2270 30 1.3 2240
Other resins 4180 960 23 3220
Total plastics in MSW 32,520 3000 9.2 29,520
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cementitious mixtures as a substitution of fine and coarse 
aggregate or as fiber reinforcement, for this many types 
of plastics like polyethylene terephthalate particles (PET) 
[8–11], high-density polyethylene waste (HDPE) [12, 13], 
polypropylene (PP) [14, 15], PET bottle fibers [16, 17], pol-
ystyrene (PS) [18], e-plastic waste [19–21] and polyvinyl 
chloride (PVC) [22, 23] were used. Figure 2 shows some 
different forms of plastic wastes used in the studies as 
reported in the literature.

This paper provides an overview of the effects of plastic 
materials on cementitious mixtures by studying the mate-
rial properties of plastics and used in cementitious mix-
tures. Physical properties such as workability; mechanical 
properties such as compressive strength, splitting tensile 
strength, flexural strength, and modulus of elasticity; dura-
bility-related properties such as water absorption, freez-
ing and thawing resistance, shrinkage, and carbonation 
of mixtures including waste plastic particles by reviewing 
existing studies in this area.

2 � Type and properties of waste plastics used 
in cementitious mixtures

Plastics are mostly used either as fiber or aggregate 
replacement in the cementitious mixtures. Tables 2 and 3 
list the types and properties of waste plastic materials as 
reported in the literature. Listed in the tables are types of 
composites, plastic-type, and type of use. among material 
properties, physical properties including workability and 
air content; mechanical properties, including compressive 
strength, flexural strength, splitting tensile strength and 
modulus of elasticity of cementitious mixtures containing 
waste plastics are listed in tables below.

3 � Fresh and mechanical properties of waste 
plastics in cementitious mixtures

3.1 � Workability

Figure 3 exhibits the effects of various types of plastic 
aggregates on the slump of concrete [8, 12, 15, 32] Some 
studies revealed that using plastic particles as aggregate 
replacement decreases workability [15], whereas some 

Fig. 2   Different forms of plastic waste: a PET aggregate [8], b Poly-
propylene [14], c Electronic plastic waste [19], d PET aggregate [20], 
e Electronic plastic waste [21], f Shredded metalized plastic fiber 

[23], g High impact polystyrene [24], h waste metalized plastic fiber 
[25], i Polypropylene [26], j Plastic waste sand [27]



Vol:.(1234567890)

Review Paper	 SN Applied Sciences (2020) 2:2072 | https://doi.org/10.1007/s42452-020-03905-6

studies reported that by using superplasticizer slump 
of concrete increases with the addition of plastic aggre-
gates [12]. Silva et al. [8] stated that the shape of the PET 
plastic aggregate affects the workability of the concrete 
and to maintain the workability the w/c ratio should 
be adjusted for each concrete sample. For the concrete 
samples containing flaky shape plastic aggregate, the 
w/c ratio was increased to 0.56 and 0.60 for the substitu-
tion level of 7.5% and 15% respectively. However, for the 
samples containing 7.5% and 15% regular shape plastic 
aggregate, the w/c ratio was reduced to 0.53 and 0.52 
respectively. The authors attributed this to the shape of 
aggregates; flake shape aggregate impaired the work-
ability while the smooth texture and impermeable nature 
of the regular shape aggregate enhanced the workabil-
ity. Pirzada et al. [12] replaced natural coarse aggregate 
with plastic aggregate, which consisted of different kinds 
of plastics like High-density polyethylene (HDPE), Low-
density polyethylene (LDPE), and PET after being passed 
through heating processes. Natural coarse aggregate was 
substituted by coarse plastic aggregate at the percent-
age range between 0 and 20% increase by 5% each time, 
produced plastic aggregate contained 80% PET, and 20% 
HDPE and LDPE. The workability of the fresh concrete was 

tested using a slump cone. Obtained results showed a 
decrease in workability as the amount of plastic aggre-
gate increased but with the addition of superplasticizers 
workability increased. Manjunath [15] made an experi-
mental study on the usage of e-plastic waste particles 
as partial replacement of fine and coarse aggregate in 
concrete with the percentage ratio ranging from 10 to 
30%. Test results showed that slump and workability val-
ues decreased as the percentage of e-plastic in the mix 
increased. Saika and Brito [20] used different shapes of 
plastic waste particles. They observed a slight increase in 
workability with the addition of cylindrical shape plastic 
particles as partial replacement of aggregate and a signifi-
cant decrease in workability with shredded shape plastic 
particles. Bhogayata and Arora [28] used metalized plastic 
wastes (MPW) which are made from polypropylene (PP) 
and shredded into fibers to study the workability of con-
crete. Plastic fibers of lengths 5 mm, 10 mm, and 20 mm 
were prepared, and they were mixed with concrete at a 
rate between 0 and 2% by volume of concrete. Slump test 
results showed a decline in slump values with increasing 
percentage and length of plastic fibers. For 5 mm long 
fibers slump reduced by 5%, 8%, 12%, and 16% for fiber 
contents between 0.5 and 2%, this reduction was higher 

Table 2   Substitution ratio and type of plastics used in previous studies

Ref Type of composite Type of plastic Type of use

[8] Concrete PET aggregates Replaced natural aggregates with PET aggregates by 
0%, 7.5%, and 15%

[12] Concrete HDPE, LDPE, PET aggregates Replaced natural coarse aggregate with plastic parti-
cles by 0%, 5%, 10%, 15%, and 20% by weight

[18] Mortar shredded high impact polystyrene (HIPS) electronic 
wastes with particle size less than 4 mm

Replaced sand with HIPS by 10%, 20%, and 50% by 
volume

[19] Polymer concrete Electronic plastic waste Used as filling material in the percentages of 0%, 5%, 
15%, and 25% with three different sizes (0/2 mm, 
2/4 mm, 4/8 mm)

[20] Concrete Shredded flaky and pellet-shaped PET aggregates Replaced natural aggregates with PET aggregates by 
5%, 10%, and 15% by volume

[25] sustainable concrete Metalized plastic waste fiber with length of 20 mm 
long

Mixed in concrete in amounts of 0%, 0.25%, 0.5%, 
0.75%, 1% and 1.5% by volume of mix

[27] Mortar Recycled Polyolefin (mostly polyethylene and poly-
styrene) and PET aggregates

Substituted siliceous sand with polyolefin and PET 
aggregates by 10%, 20%, 30%, 40%, and 50% by 
weight

[28] Concrete Metalized plastic waste fiber with dimensions of 
5 mm, 10 mm and 20 mm long

Mixed in concrete in amounts of 0%, 0.5%, 1%, 1.5% 
and 2% by volume of mix

[29] Concrete Electronic plastic waste (High impact polystyrene) Replaced coarse aggregate with electronic plastic 
waste by 10%, 20%, 30%, 40%, and 50% per unit 
volume

[30] Self-compacting concrete recycled plastic bag waste fiber and polypropylene 
fiber

RPBWF content of 1, 3, 5, and 7 kg/m3, pp. content of 
1 kg/m3

[31] Lightweight concrete Modified expanded polystyrene (MEPS) aggregates 
with a maximum size of 16 mm

Replaced natural aggregates with MEPS by 0%, 25%, 
50%, 75% and 100% by volume

[32] Lightweight concrete PVC plastic granules with a particle size of 5 mm Replaced sand with PVC granules by 0%, 5%, 15%, 
30% and 45% by volume
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for longer plastic fibers, this is because long fibers could 
not make a homogenous distribution in the mix and 
caused the formation of a mesh-like structure. Ghernouti 
et al. [30] performed slump flow sieve stability and L-box 
tests to study the fresh properties of self-compacting con-
crete (SCC) containing Plastic bag waste fiber (PBWF) and 
Polypropylene fibers (PF). Results revealed that addition 
of PBWF in SCC improve in the slump values for different 
length and percentages of the fibers, this can be attributed 
to the smooth surface of these fibers which makes the flow 
of the concrete easier. It was also reported that PBWF satis-
fied the slump flow criterion, which was between 650 and 
800 mm, but the addition of PF did not meet the slump 
flow criterion since polypropylene fibers increased the 
viscosity of SCC. Kou et al. [32] reported that the dosages 
of superplasticizer required to provide workability close 
to that of the control concrete in the concrete samples 
containing PVC granules at the rates of 15%, 30%, and 45% 
were 2.4%, 12.2%, and 31.7% respectively. The authors 
attributed this high-required dosage of superplasticizer to 
the angular shape and greater sizes of the PVC particles to 

Table 3   Properties of plastics used in previous studies

Ref Type of plastic Physical properties Hardened mechanical properties

Slump L-box test Density Air content Compressive 
strength

Splitting ten-
sile strength

Flexural 
strength

Modulus 
of elastic-
ity

[8] PET ✓ x ✓ x ✓ x x x
[9] PET x x ✓ x ✓ ✓ ✓ ✓
[10] PET x x x ✓ ✓ ✓ ✓ x
[12] HDPE, LDPE, PET ✓ x x x ✓ ✓ ✓ x
[14] PP ✓ x ✓ x ✓ x ✓ ✓
[15] E-plastic waste ✓ x ✓ x ✓ ✓ ✓ x
[16] PET fiber x x x x ✓ x x x
[17] PET fiber ✓ ✓ ✓ x ✓ x ✓ x
[18] PS ✓ x ✓ x ✓ ✓ x ✓
[19] E-plastic waste x x x x ✓ ✓ ✓ x
[20] PET ✓ x ✓ x ✓ ✓ ✓ ✓
[21] E-plastic waste ✓ x x x ✓ ✓ ✓ x
[22] PP ✓ x ✓ x ✓ ✓ ✓ ✓
[23] PET, PP, and PVC ✓ x x x ✓ ✓ ✓ x
[24] HDPE x x ✓ x ✓ x ✓ ✓
[25] MPW fiber ✓ x x x ✓ ✓ ✓ x
[26] PP ✓ x ✓ x ✓ ✓ ✓ ✓
[27] PET and Polyolefin (PP, PE) x x ✓ ✓ ✓ x ✓ x
[28] MPW fiber (PP) ✓ x x x ✓ ✓ ✓ x
[30] PF and PBWF ✓ ✓ x x ✓ ✓ ✓ x
[31] MEPS ✓ x ✓ x ✓ ✓ x ✓
[32] PVC ✓ x ✓ x ✓ ✓ x ✓
[33] PET ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓
[34] PVC ✓ x x x ✓ ✓ x ✓

Fig. 3   Variation of slump of concrete with substitution level of plas-
tic aggregates: (1) PET regular shape aggregate [8]; (2): PET, HDPE 
and LDPE aggregates [12]; (3): E-plastic aggregates [15]; (4): PVC 
aggregates [32]
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that of the river sand. They also revealed that slump values 
were between 170 and 175 mm.

3.2 � Compressive strength

Figure 4 shows the effects of using plastic aggregates 
on the compressive strength. The figure indicates that 
the compressive strength of concrete containing plastic 
aggregates reduces regardless of the type and substitution 
level of the aggregates [8, 9, 19, 32, 33]. Strength reduc-
tion was attributed to many reasons like low modulus of 
elasticity of the plastic aggregate; weak strength bond 
between plastic aggregate and cement paste; reduction 
in the packing level of concrete due to the coarser size 
of plastic particles [32]. Silva et al. [8] studied the proper-
ties of concrete by replacing natural aggregate with plas-
tic PET aggregates in the percentages of 0%, 7.5%, and 
15%. The concrete samples were cured in three different 
curing environments, which were outdoor environment, 
laboratory environment, and wet chamber. The compres-
sive strength decreased with the increase in the ratio of 
plastic aggregates. The impermeable nature of the plas-
tic aggregate led to the formation of weak bond strength 
between the cement paste and PET aggregates. The pack-
ing level of concrete was reduced by the coarser particle 
size of the plastic aggregates. Azhdarpour et al. [9] stated 
that the compressive strength of concrete produced by 
replacing aggregates with plastic aggregates increases up 
to 10% of the replacement level. The compressive strength 
of concrete increased by 39% and 7.6% for 5% and 10% 
replacement levels respectively. However, more than 10% 
replacement caused a decline in the compressive strength. 

The authors related this decrease to the existence of the 
plastic aggregates at the points where failure starts. Won 
et al. [16] studied the effects of adding recycled PET parti-
cles to the fiber-reinforced cement composites. Prepared 
composite samples were digested in five chemical solu-
tion environments, calcium chloride, sulfuric acid, alkali, 
salt, and sodium sulfate for 30, 60, 90, and 120 days. No 
changes were noticed for compressive strength of sam-
ples in sodium sulfate, calcium chloride, and salt environ-
ments which showed the best performance of chemical 
resistance of recycled PET fiber-reinforced cement com-
posite in these environments. In the case of the alkaline 
environment a small decrement in the values of com-
pressive strength occurred for samples tested at the age 
of over 60 days, this means good chemical resistance of 
samples in alkaline environments. It was concluded that 
in the sulfuric acid environment compressive strength of 
recycled PET fiber-reinforced cement composite deterio-
rated about 24%, so it had low resistance to sulfuric acid 
environments. Al-Hadithi and Hilal [17] used waste plastic 
fibers obtained by cutting a beverage bottle to examine 
the improvements in the properties of self-compacting 
concrete. Waste plastic fibers were added in the percent-
ages of 0%, 0.25%, 0.5%, 0.75%, 1%, 1.25%, 1.5%, 1.75%, 
and 2% by volume. The compressive strength values of 
all samples prepared with waste plastic fibers were meas-
ured to be higher than that of the control specimen. The 
maximum values of compressive strength were 56 Mpa, 
68 Mpa, and 79 Mpa for 7, 14, and 28 days respectively as 
it can be seen in Fig. 5. The reason of increased strength 
was attributed to prevention of micro crack propagation 
by the fibers close to the propagation area [17]. Bulut and 
Şahin [19] used e-plastic wastes which were resulted from 
the recycling of monitor plastics in the ratios of 0%, 5%, 

Fig. 4   Variation of 28-day compressive strength of concrete with 
substitution level of plastic aggregates: (1) PET aggregates [8]; (2): 
PET aggregates [9]; (3): E-plastic aggregates [19]; (4): PVC aggre-
gates [32]; (5): PET aggregates [33]

Fig. 5   Variation of compressive strength of concrete with plastic 
fiber content [17]
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15%, and 25% as a part of filling material (quartz sand and 
gravel) to produce polymer concrete. It was concluded 
from the compressive strength test results that by increas-
ing the ratio of e-plastic wastes, the compressive strength 
of the polymer concrete decreased, this decrease in the 
strength can be related to the reasons such as an increase 
in the pore holes in the concrete due to the increment 
in the amount of e-plastic wastes, increasing electronic 
plastic ratio in the mixture, decreased the volume and 
amount of aggregate which then lead to the low strength 
of the polymer concrete. It was also noted that the ideal 
ratio of e-plastic wastes to be used is 5%. Mohammadhos-
seini et al. [25] stated that the addition of waste metalized 
plastic (WMP) fiber into concrete reduced the compres-
sive strength. The compressive strength of concrete was 
reduced by 6%, 7%, 11% 18%, and 21% with the addition 
of MPW at the percentages of 0.25%, 0.5%, 0.75%, 1%, and 
1.25% respectively. This strength reduction can be related 
to the increasing of air voids in the matrix by the addi-
tion of waste plastic fibers. Kumar and Baskar [29] made 
an experimental study on the effects of thermal shock and 
temperature on the concrete made with the incorpora-
tion of high impact polystyrene (HIPS) e-plastic waste as 
a partial substitution of coarse aggregate. HIPS was used 
at the percentages ranging between 10 and 50% increas-
ing by 10% each time. The compressive strength results 
showed an incline when the content of HIPS increased. 
Hence the compressive strength gained the highest value 
at the 50% replacement of HIPS with coarse aggregate. 
Kan and Demairboğa [31] modified waste expanded poly-
styrene (MEPS) by heat treatment method to produce arti-
ficial lightweight aggregate for use in the production of 
lightweight concrete. Natural aggregates were replaced by 
MEPS aggregates by volume in the percentages ranging 
from 0 to 100% with a 25% increment each time. From the 
test results, it was concluded that the 28-day compressive 
strength of MEPS concrete could be categorized under 
semi-structural lightweight concrete. The authors stated 
that MEPS aggregates exhibit a 40% higher compressive 
strength compared to vermiculite and perlite. Kou et al. 
[32] reported a reduction in the compressive strength of 
concrete by 9.1%, 18.6%, 21.8%, and 47.3% with the 5%, 
15%, 30%, and 45% replacement of PVC plastic aggregate 
respectively, compared to that of the reference concrete. 
The weak bonding strength between PVC aggregates 
and the cement paste and the greater particle size of PVC 
aggregates, which led to a reduction in the packing level 
of concrete, can be shown as the reasons of lower strength 
of concrete. Sadrmomtazi et al. [33] reported a remarkable 
decline in the strength of concrete due to the utilization of 
PET plastic aggregates. The 28 days compressive strength 
of concrete with the 0%, 5%, 10% and 15% content of 
plastic aggregates was 36.19, 22.03, 20.25 and 18.70 MPa 

respectively. The plane shape of the PET particles provide 
a greater specific surface area for PET particles to that 
of the natural sand. Greater specific surface area of the 
PET particles lead to the accumulation of more water in 
the interfacial transition zone. The authors attributed the 
strength reduction to the porosity of the interfacial tran-
sition zone which causes the formation of a weak micro-
structure of the cement matrix. Frigione [35] recycled PET 
bottles and utilized as fine aggregate, test results showed 
that compressive strength slightly (about 2%) decreased 
in the comparison to the reference concrete. Ismail and 
AL-Hashmi [36] stated that this decrease can be explained 
by the decrease in the adhesive strength between cement 
paste and surface of the plastic waste. In a study done by 
Rai et al. [37] waste virgin plastic accompanied with plas-
ticizer used to examine the fresh and hardened properties 
of concrete. A reduction in the compressive strength was 
observed with increasing the amount of waste plastic, this 
was due to low adhesive strength as explained above and 
increase in the particle size of the plastic waste.

3.3 � Flexural strength

Results of flexural strength obtained from the experiments 
conducted in previous studies with the utilization of plas-
tic aggregates are demonstrated in Fig. 6 [9, 12, 15, 19, 
33]. Strength reduction occurred as the substitution level 
of plastic aggregate increased regardless of the type of 
plastic aggregate used. According to Azhdarpour et al. 
[9], the addition of PET plastic particles at low amounts 
increases the flexural strength; however, at high amounts, 
the flexural strength tends to show a decreasing trend. 

Fig. 6   Variation of 28-day flexural strength of concrete with substi-
tution level of plastic aggregates: (1): PET aggregates [9]; (2): HDPE, 
LFPE, PET aggregates [12]; (3): E-plastic aggregates [15]; (4): E-plas-
tic aggregates [19]; (5): PET aggregates [33]
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Strength incline at low amounts could be attributed to the 
remarkably high tensile strength of PET particles (60 MPa) 
which shows up at the point where failure starts. At higher 
amounts of PET aggregates, the accumulation of PET par-
ticles occurs, hence reduces the strength of concrete. An 
investigation by Akçaözoğlu et al. [10] revealed that mor-
tars containing sand and PET aggregate demonstrated 
better flexural strength behavior than those containing 
only PET aggregates. Badche et al. [11] studied the effects 
of adding high-deficiency polyethylene (HDPE) as a par-
tial substitution of aggregate. Results showed a decrease 
in the flexural strength with increasing HDPE amount by 
0.34, 1.4, 1.4, and 1.77 MPa for 15%, 30%, 45%, and 60% 
replacement respectively. Pirzada et al. [12] showed that 
the flexural strength of the concrete was improved up 
to 10% replacement of plastic aggregate. Záleská et al. 
[14] concluded that a high amount of plastic aggregate, 
in this study PP, caused the flexural strength of concrete 
to decrease. This reduction was attributed to the plas-
tic aggregates’ low strength. Manjunath [15] stated that 
using e-plastic wastes as a partial replacement of aggre-
gate in concrete decreased the flexural strength to a value 
below the reference concrete specimen. The author also 
concluded that 20% replacement had the lowest flexural 
strength value for the 28 days of curing. Al-Hadithi and 
Hilal [17] concluded that the inclusion of waste plastic fib-
ers improved and increased the flexural strength of con-
crete up to 1.75% addition of fiber by volume. The maxi-
mum increase in the flexural strength values in comparison 
to the concrete prepared without fiber was recorded at 
1.75% inclusion which was 141.4%, 93.3%, and 82.2% for 
7, 14, and 28 days of curing respectively. However, the flex-
ural strength decreased at the fiber content of 2%. This 
reduction was caused by poor bonding behavior of PET 
fibers and the fact that the high content of plastic causes 
more free water to be accumulated around the plastic par-
ticles which decrease the interface of plastic-paste leading 
to a zone of big voids and a considerably weak adhesion. 
Bulut and Şahin [19] reported that using e-plastic waste in 
the production of polymeric concrete resulted in a lower 
flexural strength compared to the control sample. Saikia 
and Brito [20] concluded that using any amount of PET 
particles as aggregate substitution, decreased the flexural 
strength of concrete. The authors also pointed out that the 
specimens prepared with PET flaky coarse aggregate and 
PET flaky fine aggregate (PF) have improved post cracking 
strength due to their shape and sizes. The results of the 
flexural strength of the study conducted by Azhdarpour 
et al. [9] support conclusions done by Saikia and Brito [20] 
which state that increasing the amount of PET particles as 
aggregate replacement reduces the flexural strength. This 
strength reduction is due to the accumulation of PET par-
ticles close to each other, which causes a weak adhesion 

between the PET particles and the cement surface. The 
study done by Kumar and Baskar [21] agrees with Manju-
nath [15] which states that increasing the percentage of 
plastic aggregate as partial replacement of coarse aggre-
gate decreases flexural strength. The authors reported 
that with 50% substitutions, strength loss reached about 
37.38%. Yang et al. [26] concluded that up to 15% substitu-
tion of sand with recycled PP plastic aggregate, increased 
the flexural strength of self-compacting lightweight con-
crete (SCLC). 15% substitution gave the ultimate flexural 
strength, and then strength decreased as the amount of 
plastic increased. Iucolano et al. [27] reported that hydrau-
lic mortar prepared with the partial replacement of natural 
aggregate with recycled plastic waste materials such as 
PET and PE decreased the flexural strength of the mortar. 
The flexural strength of the mortar decreased from 2.15 
to 1.11 MPa with a 10% substitution. The authors related 
this strength reduction to the weak bond between the 
cement paste and the surface of the plastic aggregate. 
Bhogayata and Arora [28] stated that with increasing 
plastic fibre content (metalized plastic fibre), the flexural 
strength decreased. The average reduction recorded was 
about 9% when compared to the control concrete speci-
men. The authors also stated that the inclusion of plastic 
fiber improved the ductility of concrete by showing a sus-
tained deflection up to an extent for a given load value. 
Concrete reinforced with metalized plastic waste fibre 
demonstrated a steady increase in the capacity of defor-
mation for a given load, this behaviour is also observed 
and supported by Dora Foti [13]. Sadrmomtazi et al. [33] 
investigated the effects of waste PET particles as an aggre-
gate replacement on the properties of self-compacting 
concrete (SCC) containing silica fume (SF) and fly ash (FA). 
It was seen from the results that the flexural strength of 
the specimen containing FA, 5% of PET replacement was 
decreased up to 14.7% at the age of 28 days. Moreover, as 
the percentage ratio increased to 10% of PET in specimen 
containing FA the flexural strength decreased to 34.6%, so 
it can be concluded that increasing the amount of PET par-
ticles decreased the flexural strength of SCC. The authors 
also indicate that the flexural strength of the concrete sam-
ples containing PET plastic aggregates shows a decreas-
ing trend due to the low adhesive strength between PET 
particles and cement paste. Malagaveli and Patura [38] 
concluded that adding HDPE fibres up to 3.5% by volume 
played a good role in increasing flexural strength which 
could increase it by 17.47% when compared to the refer-
ence concrete.

3.4 � Splitting tensile strength

Figure 7 shows the effects of different types of plastic 
aggregates on splitting tensile strength obtained from 
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previous studies [9, 15, 32]. Similar observations were 
reported in the studies that show an increase in the 
strength up to an optimum substitution level and then 
a decrease in strength occurs [9, 15]. Strength reduction 
was reported as the substitution level of plastic aggre-
gates increased [32]. Azhdarpour et al. [9] indicated that 
up to 10% replacement of aggregate by plastic particles 
improves tensile strength. This was due to the greater 
tensile strength of PET particles compared to the other 
components of concrete. The authors pointed out that at 
the higher ratios of plastic aggregates, the tensile strength 
decreased. This reduction is caused by the nonabsorbent 
property of the PET particles, which does not allow the 
cement hydration to occur on their surfaces and hence 
reduces the tensile strength of the concrete. Manjunath 
[15] showed that the 28 days tensile strength got the 
maximum value at the 20% replacement of aggregate 
by e-plastic aggregate. Furthermore, at the 30% replace-
ment, the tensile strength reached the lowest value. Wang 
and Meyer [18] reported that the addition of recycled 
high-impact polystyrene (HIPS) as partial replacement 
of sand in the cement mortar reduced the splitting ten-
sile strength. It was concluded that with high replace-
ment ratios, splitting tensile strength decreased. For the 
28 days age, strength was reduced by 1.5%, 11%, and 20% 
for 10%, 20%, and 50% amounts of HIPS induced mortar. 
Saikia and Brito [20] stated that like compressive strength, 
the splitting tensile strength also has a decreasing trend 
with increasing substitution ratio of shredded PET plas-
tic aggregates. The worst values were reported for plastic 
coarse aggregate due to a high w/c ratio. The character-
istics of the interfacial transition zone have a great effect 
on the splitting tensile strength of concrete. According to 

the authors, the cause of the weak bond between cement 
paste and plastic aggregate is free water accumulated at 
the surface of plastic aggregate and the smooth surface 
of plastic particles. Observations reported by Ozbakkalo-
glu et al. [22] exhibit a reduction in the splitting tensile 
strength of concrete with the addition of recycled PP 
plastic aggregates (RPA). The splitting tensile strength 
decreased by 2.9% and 4.1% for normal strength concrete 
(NSC) and high strength concrete (HSC) respectively at PP 
content of 10%, and 5.8% and 7.4% for NSC and HSC at 
20% replacement ratio, and lastly 13.7% and 20.3% for NSC 
and HSC respectively at PP content of 30%. Bhogayata and 
Arora [23] reported that a combination of recycled plastic 
fiber (RPF) and styrene-butadiene rubber (SBR) improved 
the splitting tensile strength of concrete. Splitting tensile 
strength increased by 27%, 47%, 45%, and 40% for dif-
ferent percentages of RPF and SBR. The addition of RPF 
restrains crack propagation and thus reduces the splitting 
of concrete mass by acting as anchors into the hardened 
mass. In a study carried out by Mohammedhosseini et al. 
[25], metalized plastic waste (MPW) fiber, in this case, 
LDPE, was used in the manufacturing of concrete. It was 
concluded that increasing the percentage of MPW fiber 
improved the behavior of the splitting tensile strength. In 
all percentages splitting tensile strength was higher than 
the control specimen. The increment in the splitting tensile 
strength of MPW fibers were 12%, 19%, 17%, 13% and 8% 
for fiber contents of 0.25%, 0.5%, 0.75%, 1%, and 1.25% 
respectively. It can be noticed that 0.5% of MPW fiber 
gave the maximum splitting tensile strength. The authors 
also concluded that the highest splitting tensile strength 
values were obtained from the 91 days cured specimens. 
The findings of Yang et al. [26] show an improvement in 
the splitting tensile strength of SCLC produced with PP 
aggregates. The authors reported that the maximum 
value of splitting tensile strength was obtained at a 15% 
replacement ratio of sand by PP aggregates. This incre-
ment is due to the bridging action developed by plastic 
aggregates which leads to an improvement in the frac-
ture mechanism. Bhogayata and Arora [28] investigated 
the usability of metalized plastic waste (MPW) in concrete. 
MPW was used as fiber in different dimensions like 5 mm, 
10 mm and 20 mm long and mixed in concrete from 0 to 
2% by volume of the mix. It was noticed that the addition 
of MPW improved the splitting tensile strength and that 
the dimension and fraction of MPW affected the resist-
ance to splitting tensile strength. The authors stated that 
increasing the amount of MPW increased splitting tensile 
strength and they also concluded that fibers with longer 
length exhibited significantly better resistance to crack 
by reducing the elongation of micro-cracks when com-
pared to shorter length fibers. Kou et al. [32] stated that 
increasing PVC content causes a decline in the splitting 

Fig. 7   Variation of 28-day splitting tensile strength of concrete with 
substitution level of plastic aggregates: (1): PET aggregates [9]; (2): 
E-plastic aggregates [15]; (3): PVC aggregates [32]
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tensile strength. This is due to the accumulation of water 
around the PVC particles caused by the hydrophobic 
surface nature of PVC particles which leads to the forma-
tion of a weak bond between the cement matrix and PVC 
particles. In a similar study, Haghighatnejad et al. [34] 
reported that adding recycled PVC as partial substitution 
of coarse aggregate reduced the splitting tensile strength 
of concrete. The 28 days age splitting tensile strength of 
control specimen concrete was measured to be 3.84 MPa, 
this value was decreased by 3.5%, 6.7%, 14.1%, and 24.2% 
with the substitution ratio of 20%, 30%, 40%, and 50% of 
recycled PVC aggregate respectively. This reduction can 
be attributed to the lower elastic modulus of recycled PVC 
than that of the cement paste which leads to the initiation 
of cracks around PVC particles and hence reduced splitting 
tensile strength can be noticed.

3.5 � Modulus of elasticity

Saikia and Brito [20] revealed a reduction in the elastic 
modulus of concrete produced with PET particles. This 
was due to the lower modulus of elasticity of the plastic 
particles. Kou et al. [32] also stated a reduction in modulus 
of elasticity with the increasing replacement ratio of PVC 
aggregates. For PVC contents of 5%, 15%, 30%, and 45% 
reductions in modulus of elasticity were by 6.1%, 13.8%, 
18.9% and 60.2% respectively. Mohammed et al. [39] used 
PVC waste particles both as coarse and fine aggregate. 
Elastic modulus reduction was noticed with an increasing 
amount of plastic aggregate as can be seen in Fig. 8. They 
concluded that coarse aggregate replacement with PVC 
aggregates caused more reduction in modulus of elasticity 
than fine aggregate replacement. This is contributed to the 
effect of elastic modulus of PVC aggregates on the elastic 

modulus of concrete; thus, replacement ratio and degree 
of reduction of elastic modulus of concrete have a linear 
relationship. The findings of Alqahtani et al. [40] agrees 
with the works of authors mentioned above, in which they 
combined LLDPE plastic aggregates with red or dune sand 
at ratios of 30% and 70% respectively and used as par-
tial replacement of aggregate. The authors reported 58% 
(11 GPa) loss of elastic modulus in concrete made with 
plastic aggregate in comparison to the reference concrete.

4 � Durability related properties

4.1 � Water absorption

Silva et  al. [8] observed water absorption behavior of 
concrete containing plastic aggregate via immersion and 
capillary in three different environments (outdoor environ-
ment, laboratory environment, and wet chamber). Results 
indicated higher water absorption of concrete specimens 
cured in an outdoor environment. Water absorption is 
affected by the relative humidity of the environment. The 
environment’s high relative humidity leads to the greater 
amount of water in the cement matrix; this means enough 
water for better cement hydration which optimizes the 
packing level and porosity of concrete and thus ends up in 
lower water absorption [41]. It was expected by Silva et al. 
[8] for the specimens cured in the laboratory environment 
to have the highest water absorption due to lower relative 
humidity compared to the other two environments, but 
results were not as expected. The authors explained this 
situation by the formation of a thin layer on the exposed 
layer of the specimens cured in the outdoor environment 
and wet chamber due to carbonation. Results of water 
absorption via capillary show that specimens cured in a 
wet environment had lower water absorption compared 
to drier environments. Akçaözoğlu et al. [10] concluded 
that the water absorption ratio for mortars containing PET 
particles with a PET-binder ratio of 0.5 is 13.4% and 14.8% 
for different mix proportions.

4.2 � Freezing and thawing resistance

Wang and Meyer [18] concluded that no changes hap-
pened in the relative dynamic modulus up to 300 cycles 
which means that HIPS as a partial sand replacement does 
not affect the mortar’s resistance to freezing and thawing. 
Results from the freezing and thawing test conducted by 
Kan and Demairboğa [31] demonstrated that after 300 
freezing and thawing cycles, compressive strength and 
relative dynamic modulus of elasticity of concrete pro-
duced with MEPS aggregates decreased dramatically. It 
was also reported that fine lightweight aggregates were 

Fig. 8   Variation of modulus of elasticity with plastic PVC aggre-
gates [39]
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less susceptible to freezing and thawing cycles than coarse 
lightweight MEPS aggregates. Even though an increase in 
the amount of MEPS aggregates in mixtures led concrete 
to show higher resistance and durability, none of the mix-
tures met the basic requirements of durability. Karahan 
and Atis [42] reported that concrete produced with PP 
fiber had a higher resistance to freezing and thawing than 
concrete without fiber. This was due to the existence of 
PP fiber which was distributed in the concrete randomly. 
These randomly distributed fibers block the expansion 
caused by frozen water in concrete and then decrease the 
damage of concrete caused by freezing and thawing.

4.3 � Shrinkage

Akçaözoğlu et al. [10] reported that using PET plastics as 
aggregate in mortars provided higher shrinkage values 
than mortars containing both PET aggregates and sand. 
At 28 days, length change values for mortars containing 
only plastic aggregate were 0.17%, however for mortars 
containing PET aggregates and sand, this value reduced 
to 0.11%. Lower drying shrinkage of mortars containing 
both PET aggregates and sand can be seen; this is due to 
the prevention of shrinkage in the cement paste by sand 
and PET aggregates. The authors also reported that the 
cement amount was lower in the mixtures containing both 
plastic aggregate and sand than those containing only PET 
aggregates, which is also another reason for having lower 
shrinkage values since the low amount of cement reduces 
shrinkage. An investigation done by Kou et al. [32] showed 
that drying shrinkage decreased as the percentage of PVC 
plastics as fine aggregate replacement increased. Authors 
reported a reduction by 18.1%, 31.6%, 48.7% and 72.2% for 
replacement levels of 5%, 15%, 30% and 45% respectively 
when compared to the reference concrete. This is attrib-
uted to the impervious structure of PVC particles, so they 
do not absorb water and hence reduce shrinkage of con-
crete. The results of the study conducted by Sadrmomtazi 
et al. [33] support the findings of Akçaözoğlu et al. [10] 
which indicated that using PET plastics as aggregate 
replacement increased the drying shrinkage of concrete. 
Shrinkage values of 15% replacement of PET aggregates 
were 0.31, 0.24, and 0.27 for normal concrete, concrete 
containing silica fume, and concrete containing fly ash 
respectively. However, the shrinkage value for reference 
concrete was 0.18.

4.4 � Carbonation

Silva et al. [8] reported that substitution of aggregates by 
waste plastics increased the carbonation depth of con-
crete. The authors used three different cured environments 
such as outdoor environment, laboratory environment, 

and wet chamber. It was concluded that specimens cured 
in the laboratory environment had the highest carbona-
tion depth and those cured in the wet chamber had the 
lowest value. Akçaözoğlu et al. [10] stated that mortar 
containing only PET particles as aggregate had a lower 
carbonation depth than mortar containing both PET and 
sand. Carbonation depths were 1.2 and 5.0 mm for con-
crete specimens prepared with 100% PET replacement at 
28 and 90 days respectively, while it was 1.4 and 5.9 for 
concrete containing both PET and sand at 28 and 90 days. 
This shows that PET particles and sand aggregates do not 
sufficiently combine and become porous, so more CO2 
penetrates the mortars containing both PET and sand, 
which leads to a higher penetration depth. The authors 
also stated that using slag significantly increased the 
depth of carbonation.

5 � Conclusions

This study has provided a detailed review of the utiliza-
tion of waste plastic particles in the cementitious mixtures. 
Physical, mechanical, and durability related properties of 
cementitious materials were discussed in detail, and con-
clusions are given below:

1.	 The workability of cementitious mixtures reduces with 
increasing amounts of waste plastics. The non-uniform 
shape of plastic particles causes a low flowability. 
Using high amounts of recycled plastic aggregate and 
plastic fiber lead to the formation of a stiff matrix and 
thus reduce the workability.

2.	 The addition of plastic particles does not improve the 
compressive strength since the compressive strength 
of cementitious mixtures containing waste plastic par-
ticles decreases with an increasing amount of plastics. 
This is due to the low adhesive strength between the 
cement paste and the surface of the waste plastics. The 
decrease in strength is more pronounced in mixtures 
containing non-uniformly shaped plastic aggregates 
than mixtures with the uniformly shaped plastic aggre-
gates.

3.	 Flexural strength of cementitious mixtures increases 
with the addition of waste plastic fibers up to a lim-
ited percentage, and also the addition of plastic fibers 
improves the ductility of the mixes. Moreover, plastic 
fibers with higher tensile strength lead to the forma-
tion of a mixture with improved strength. However, 
waste plastic aggregates reduce the flexural strength.

4.	 Waste plastic fibers with various lengths and dimen-
sions play a useful role in developing the splitting 
tensile strength of cementitious mixtures. In contrast, 
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waste plastic aggregates do not positively affect split-
ting tensile strength.

5.	 Replacement of coarse or fine aggregates by waste 
plastic aggregates reduces the elastic modulus of 
cementitious mixtures. This reduction is related to the 
low modulus of elasticity of waste plastics.

6.	 Higher water absorption values are seen when cemen-
titious mixtures containing waste plastics are inves-
tigated. This can be due to the formation of a matrix 
with an insufficient combination of natural and plastic 
aggregates.

7.	 Plastic fibers increase resistance against freezing and 
thawing; in contrast, plastic aggregates dramatically 
reduce freezing–thawing resistance or do not affect 
at all.

8.	 An increase in shrinkage values has been observed 
with the addition of plastic aggregates. This can be 
attributed to the stiffness of plastic aggregates. Plastic 
aggregates with low stiffness cause the formation of a 
cement matrix that has meager shrinkage resistance.

9.	 The carbonation of cementitious mixtures varies for 
different types of waste plastics. The utilization of 
recycled plastic aggregates in cement-based materi-
als increases the carbonation depth of the mix due 
to increased porosity which makes the mix to be less 
resistant to the ingression of carbon dioxide.

6 � Future trends

Many studies have been conducted regarding the use 
of recycled plastic particles as aggregate and plastic 
fiber as reinforcement material in cement-based com-
posites. From the outcomes of this review it can be seen 
that the properties of concrete improve with the use of 
plastic fiber, however plastic aggregates do not provide 
enhanced property of the mixture been induced. The 
reviewed studies mostly incorporate one type of plastic 
and up to date no studies have been reported on the use 
of various types of plastic aggregates and plastic fiber 
together in the same composite. This can be an interest-
ing research topic for the future studies, since the sus-
tainability of cement-based mixture has always been one 
of the main concerns in the construction industry. Utili-
zation of waste plastic materials as fiber and aggregate 
helps save the natural reservoirs and also is one of the 
best ways of disposing these waste materials. It is recom-
mended for the future studies to focus on the long-term 
behavior of cement-based materials incorporating both 
waste plastic aggregates and waste plastic fibers.
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