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The use of plastic aggregate in concrete 
 

Abstract— Plastic waste management is a growing concern 
worldwide since permanent solutions are costly for third-world 
countries. This study explores storing plastic waste in concrete 
as a partial replacement of the fine aggregate to produce a useful 
building material. To resolve the material's lack of compressive 
strength, this study used HDPE chemically treated with Sodium 
Hypochlorite (NaOCl) and partially replaced the cement with 
silica fume at 7.5%, and 10% to improve the concretes 
Interfacial Transition Zones (ITZ). This research tests the 
workability, density, and compressive strength, and completes a 
microstructure analysis of this material to determine if 
structural lightweight concrete (SLWC) can be produced. The 
results obtained indicate that adding silica fume with chemically 
treated aggregate increased the compressive strength by 1.9% 
and 7.4% respectively in comparison to the control. Through the 
statistical analysis, these additions were then shown to make a 
significant difference in the concrete's strength. The 
microstructure analysis too confirmed that the quality of the 
ITZs had improved in these mixtures. However, the workability 
of these 2 mixtures was reduced by 77.4%. The study concludes 
that although the concrete isn't lightweight, its compressive 
strength can be improved to match that of conventional 
structural concrete. 

Keywords— HDPE, Interfacial transition zone, Lightweight 
structural concrete, Compressive strength, Plastic Fine 
aggregates 

I.    INTRODUCTION 

Plastic’s inability to biodegrade has caused it to become a 
large contributor to the global accumulation of solid waste. Sri 
Lanka alone as of 2010 has produced 260,000 metric tons of 
plastic waste annually [1]. Therefore, it has become important 
to develop a method that is practical, useful, and can serve as 
a long-term solution to manage plastic waste. One such 
method currently studied, involves using plastic waste to 
replace natural aggregate in concrete to produce a useful 
building material [2]. 

The production of Plastic Aggregate Concrete (PAC) 
follows a principle very similar to that of landfilling as it stores 
plastic waste in a location for a long period, but in this case, 
it’s done in a manner that can be beneficial to man. The 
biggest drawback with this material however is its lack of 
compressive strength. Given that one of concrete’s most 
important attributes is having high compressive strength, it has 
become important to study ways to improve the compressive 
strength of PAC if it is to be developed further. 

 Concrete obtains its compressive strength from Van der 
Waal bonds formed by the calcium silicate hydrate (C-H-S) 
gel compounds. In PAC, the lack of compressive strength may 
be attributed to a lack of bonding in the Interfacial Transition 
Zones (ITZ) around the plastic aggregates. The ITZ is an area 
that is not clearly defined. It is considered to be just around 
the surface of the aggregate and its thickness depends on the 
level of hydration in concrete. It creates a porous structure 
around the aggregate. Marzouk, Dheilly, and Queneudec [3] 
therefore state that the ITZ is the weakest part of concrete as 

it affects both its mechanical and durability properties. It has 
therefore become important to determine if the nature of the 
ITZ in PAC specifically influences its strength and determine 
if modifying the ITZ can improve the material's properties.  

The strength of the ITZ is also affected by; an increase 
in the porosity of the concrete, large crystalline particles 
forming during hydration, and the deposits of calcium 
hydroxide crystals that have a preferred orientation. The 
formation of microcracks in the ITZ too impacts its strength. 
Microcracks are influenced by the water-cement ratio (WC), 
the size of the aggregates, curing of the concrete, humidity 
and the differential movement between aggregates and the 
cement paste [4]. 

The WC also affects the concrete’s workability, strength, 
and durability, as it induces the hydration process in cement. 
A very high WC could lead to segregation and higher porosity, 
which is instrumental in reducing the concrete’s strength [5].  
Porosity (Capillary Voids) is irregular voids that form when 
excess water that isn’t used for hydration evaporates. Concrete 
with a WC less than 0.3 has a very large compressive strength, 
which then disproportionately increases when reduced slightly 
since the strength of the ITZ tends to increase significantly. 
Therefore, a high number of voids result in a high number of 
weak points in the concrete. Also, the voids’ irregular shape 
increases the number of stress concentrations in the concrete, 
which increases its tendency to crack [4]. 

 For PAC, since plastic is hydrophobic, it could restrict 
water from hydrating the cement paste around it to form C-H-
S gels thus reducing the concrete’s compressive strength [6]. 
The thickness of the ITZ increases in PAC since hydration 
around the plastic aggregates is very poor [7]. Further, internal 
bleed water in the concrete that accumulates near the 
hydrophobic plastic aggregates too forms voids when it 
evaporates [8]. However, this hydrophobic nature also helps 
increase the concrete’s workability even at a low WC with a 
higher replacement ratio of plastic aggregate [9]. 

To analyze PAC, it has been observed that the compressive 
strength of the material decreases when the percentage of 
aggregate replaced is increased [10]. It has been noted that up 
to 50% of fine aggregates could be replaced with plastic 
aggregates with a smaller impact on compressive strength 
rather than fully replacing the aggregates [11], [12]. 
Additionally, two reasons that have been identified for a 
reduction in strength are; that plastic has a lower crushing 
strength compared to natural aggregate, and plastic has weak 
bonding in its ITZ [13]. Therefore, higher replacement results 
in an increase in weaker areas in the concrete. The weakness 
of the ITZ in PAC is then amplified since plastic does not form 
its own bonds with cement [14]. Therefore, a very visible 
debonding is noticed in this zone.  

To minimize the impact of the ITZ, the plastics’ aggregate 
surface area should be reduced. This can be done by using 
larger aggregates which in turn will also reduce the amount of 
cement required for the material [15]. However, plastic cannot 
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be used to replace the natural coarse natural aggregates since 
they have a lower crushing value, and this reduces the 
concrete’s compressive strength [16]. Therefore, plastic 
aggregate cannot be practically used as a coarse aggregate 
substitute. 

However, Thorneycroft et al [17] used plastic as a fine 
aggregate replacement and obtained results that were 1.2% 
higher than that of the control. Here, the plastic was graded to 
match the sand it replaced. This is important because improper 
gradation of aggregate increases the porosity of concrete due 
to poor packing. Well-packed concrete has fewer voids which 
makes the concrete more workable and reduces the quantity 
of cement necessary to bind the aggregates [18]. The shape of 
the aggregate too affects the packing level [8]. Therefore, 
Saikia and De Brito [12] tested 3 different types of plastic 
aggregate where the pellet shape aggregate performed better 
than the well-graded flaky type as the fine aggregate 
replacement ratio was increased. The pellets had a higher 
slump and a better WC. A high concentration of flaky or 
elongated particles could adversely affect the concrete’s 
strength because, water tends to accumulate on their surfaces 
which then causes bleeding and increases the porosity, 
resulting in the weakening of the concrete’s ITZ. Rounded 
particles tend to perform better in this context since water does 
not accumulate as much [4]. Further, flakey aggregates are 
very thin in comparison to the pellets and tend to have double 
the amount of particles than that of the pellets at the same 
replacement ratios. This creates a lot of weak ITZs and the 
irregular shape does not facilitate a high level of compaction 
which then causes an increase in porosity [9], [12], [16]. 

Naik et al [19] identified that some grades of plastic were 
oxidised in the presence of household bleach (HOCl) to 
improve the bonding between plastic aggregates and the 
cement matrix around them. They used shredded HDPE and 
treated it with a 5% concentration of HOCl. Although this did 
not perform very well in terms of strength, that was attributed 
to the fact that the bleach was not washed off the aggregate 
before it was added to the concrete. PET aggregates that were 
treated in bleach or hydrogen peroxide and washed before 
being used were noted to form hydrogen bonds between 
oxidised compounds on the aggregate surface and the 
hydrated compounds in cement, which in turn improved the 
strength of the concrete [14]. 

To combat the porosity and lack of hydration in PAC, 
Supplementary cementitious materials (SCM) could be used. 
SCMs such as Silica fume is a type of admixture that is known 
to increase the strength of concrete due to their pozzolanic 
reaction with the hydrated products in concrete. This reacts 
with the calcium hydroxide particles in concrete to form C-S-
H gels which in turn makes the concrete stronger and reduces 
its porosity [4]. This was tested by comparing the performance 
of concrete with fine aggregate partially replaced with plastic 
aggregate and cement partially replaced by silica fume at the 
same ratios. It was observed that the workability of the 
concrete increased when more plastic was added but 
decreased when silica fume was included. This decrease in 
slump also reduced the WC since the small particle size of the 
silica fume increased the surface area in the concrete. It also 
helped improve the packing of concrete for the same reasons 
which in turn reduced the porosity [11]. 

Using plastic aggregate could also produce other benefits. 
The lower density of plastic enables it to be used to produce 
structural lightweight concrete (SLWC) as it reduces the dead 

load of a structure. The downside is that plastic has the 
tendency to float in the wet concrete mixture which results in 
poor aggregate distribution [20]. Also, partially replacing 
natural aggregate with plastic helps save natural resources.  
Replacing 10% by volume of fine aggregates with plastic 
could save 820 million tons of sand every year from being 
incorporated into concrete mixes [17]. This amount is 
equivalent to approximately 5% of total global annual sand 
consumption. Oshiro and Positieri [21] calculate the 
Ecological Footprint (EF) of concrete with 20% of aggregates 
replaced with plastic and compared this to the EF of 
conventional concrete at a worldwide level and noted a 10% 
reduction in the EF when waste plastic aggregate is used. 

Plastic waste mismanagement is a very serious issue in the 
status quo. To be able to store plastic in the form of aggregate 
in concrete in order to reduce pollution while also creating a 
sustainable lightweight building material is very beneficial. 
The impact of developing the quality of the ITZ in PAC has 
not been specifically investigated before. Therefore, this study 
aims to determine if the compressive strength of PAC can be 
increased by collectively improving the plastic aggregate–
cement bond and by reducing the formation of pores in the 
ITZ. While simulating industrial mixing conditions, this study 
will use a constant replacement ratio of treated plastic pellets 
while varying the replacement percentage of silica fume to 
determine if SLWC can be produced in this manner. 

II.    METHODOLOGY 

A. Materials 

Ultratech Grade 42.5 Ordinary Portland Cement (OPC) 
was used, with an initial setting time was 160 min, a final 
setting time of 325 min, and a flow of 200mm. The fine 
aggregate used was Manufactured Sand, while the coarse 
aggregate used was crushed rock (gravel). A mid-range 
superplasticizer “Chryso Optima 1100” water-reducing 
admixture was used for this experiment at 0.9% of the cement 
content. All these materials were obtained from the Capital 
RMC batching plant.  

The plastic aggregate used was recycled HDPE pellets as 
shown in Fig. 1 obtained from Deluxe Plastics Sri Lanka. A 
fixed 15% volume replacement ratio of fine aggregate was 
conducted for this experiment. As per BS 812-Part 2: 1995, 
the bulk density of the aggregate was found to be 910 kg/m3. 
Since this is less than 1200 kg/m3, the plastic aggregate could 

 
Fig. 1 HDPE Pellets used for this study 



be classified as a lightweight aggregate. All aggregate 
properties are provided in Table I Sodium hypochlorite 
(NaOCl) of 5% w/v concentration, obtained from Water Care 
Technologies (Pvt) Ltd., was used to chemically treat the 
plastic aggregate surface. Silica fume was obtained from 
FINEX Engineering (Pvt) Ltd. Percentage weight replacement 
of cement with silica fume was done for this experiment. 

B. Experimental Procedure 

The concrete was prepared following BS EN 206-1: 2016, 
while casting of the 150 x 150 x 150 mm cubes were done 
according to BS 1881-125: 1986. 9 cubes were cast for 5 
series to test the 7, 14 and 28-day strength. The experimental 
testing program is provided in Table II. The mix design used 
for this study was a design used by Capital RMC. The Design 
was made with respect to the BRE Method, and it is classified 
as a robust industrial-grade 30 concrete. The mix design 
details are provided in Table III, and the volume was 
converted to a volume of 0.04m3 for each test series. The WC 
ratio of this design was maintained at 0.48. PAC made with 
this design will then be compared to the control to determine 
if the PAC can reach the same strength. The concrete mixture 
was mixed in an OBRK HJS-60 Twin Shaft Paddle Lab 
Concrete Mixer to simulate typical industrial concrete mixing 
conditions since a slight slump loss is experienced in batching 
plant mixers. 

The plastic aggregate was treated in NaOCl for 24 hours 
before being washed and dried for the experiment. The 
surface texture of the plastic was noted to remain visibly 
smooth.  Sieve analysis was conducted for all aggregates as 
per BS 812-103 1989. The slump tests for each set were 
conducted as per BS EN 12350-2 2009 at the initial slump, at 
30 minutes, one hour and 2 hours after mixing. The 
compressive strength was tested following BS 1881-116 
2002 as per Table II. After collecting the compressive 
strength test results, the analysis of variance (ANOVA) was 
conducted at a 5% significance level to determine if the 
chemical treatment for the plastic aggregates and the addition 
of silica fume had a significant effect on the compressive 
strength of the PAC at 28 days. Tukey’s Honest Significant 
Difference (HSD) test was also conducted to analyze each 
specific group. Both saturated and unsaturated density values 
of the PAC were obtained following BS 1881-114 1983. The 
cross-section of the cubes was taken to observe the aggregate 
distribution. Using 28-day samples of each series, a 
microstructure analysis was conducted to observe the ITZ 
around the plastic aggregates. This was conducted using a 
Scanning Electron Microscope (model - ZEISS EVO LS15 of 
German make). Here, the samples cut were 4-5mm thick 
pieces that were around 10mm in length and width. They 
were then given a thin conductive coating of gold/palladium 
(Au/Pd). Once this was completed, the samples were placed 
in an SEM for observation.  

III.     RESULTS AND DISCUSSION 

A. Particle Size Distribution 

It was observed that the gravel and the M-sand were 
within their stipulated lower and upper limits as per BS 882: 
1992 as shown in Fig. 2. For the gravel, most particles were 
between 20mm and 10mm, while most of the M-sand was 
found to be smaller than 2.36mm. The plastic aggregate on 
the other hand did not fall into the fine aggregate limits, but 
it did comply with the limits for single-sized coarse 
aggregates (which were around 4mm). However, since plastic 
isn’t as strong as gravel, it could not be used to replace the 
coarse aggregate. Regardless, since there were no natural 
aggregates in the sizes between 10mm and 2.36 mm, the 
pellets instead served the same purpose as the fine aggregates 
by filling the larger voids between the gravel and thereby 
reducing the aggregate surface area. This way the M-sand and 
cement could fill in the smaller voids and improve the 
packing of the concrete. Still, there may have been even 
smaller voids that could not be filled, for which silica fume 

TABLE III    MIX DESIGN (FOR 1 METER CUBE OF CONCRETE) 

Mix Cement 
(kg) 

Gravel 
(kg) 

Plastic 
(volume 
%) 

Plastic 
(kg) 

M-Sand 
(kg) 

Silica 
Fume (kg) 

Water 
(kg) 

W/C 
Ratio 

Superplasticizer 
(g) 

S1 346.0 1010 - - 878 - 166 0.48 3500 

S2 346.0 1010 15% 44 746 - 166 0.48 3500 
S3 346.0 1010 15% 44 746 - 166 0.48 3500 
S4 320.1 1010 15% 44 746 25.95 166 0.48 3203 
S5 311.4 1010 15% 44 746 34.60 166 0.48 3125 

 

 
Fig. 2 Sieve Analysis results for all 3 aggregates with upper and lower bounds 
for Coarse aggregate (CA), Fine aggregate (FA) and Single sized coarse 
aggregate (SSCA) as per BS 882: 1992 

TABLE I   AGGREGATE PROPERTIES 

 Aggregates 
M - Sand HDPE Pellets Gravel 

Specific Gravity 2.70 0.91 2.70 
Water Absorption 0.8% 0.15% 0.51% 
Aggregate Impact Value - - 18.1% 
Flakiness - - 13.3% 
Elongation - - 19.3% 

TABLE II  EXPERIMENTAL TESTING PROGRAM 

Series Code 
Plastic 
Added 

Silica 
Fume 

No. of Samples 
C/S (7 
days) 

C/S (14 
days) 

C/S (28 
days) 

Control S1 - - 3 3 3 
Untreated Plastic S2 15% - 3 3 3 
Treated Plastic S3 15% - 3 3 3 
Treated Plastic and 
silica fume 7.5% 

S4 15% 7.5% 3 3 3 

Treated Plastic and 
silica fume 10% 

S5 15% 10% 3 3 3 
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was useful due to its small particle size. Even if plastic was 
to be added to match the grade of the sand it was replacing, it 
would be an insignificant percentage of sand replaced, thus 
losing the purpose of using plastic in concrete, to begin with.  

B. Slump and Workability 

There is always a slight slump loss detected in industrial 
concrete when compared to concrete produced in a lab 
because an industrial mixer breaks into the materials, unlike 
a rolling drum mixer. Therefore, in this experiment, a twin 
shaft mixer was used to capture this slump loss by simulating 
an industrial mixing environment. The results obtained were 
provided in Fig. 3.  Considering the slump at 1 hour after 
mixing, it was observed that S2 experienced a 7.5% slump 
loss while S3 had a slump 4.8% higher than the control. This 
was unusual because past studies noted that the slump 
decreased when irregular plastic was used while rounded 
plastic increased the slump [6], [9], [12]. Therefore, it was 
assumed that S2 experienced a few errors such as less water 
being added, a longer mixing time or facing higher 
environmental temperatures in comparison to S3. S3 had a 
higher slump, which is contrary to previous studies where 
treated plastic generally experiences a slight slump [14]. This 
may have been due to the addition of a superplasticizer.  

S4 and S5 had drastically low slumps, and this is due to 
the inclusion of silica fume in the mixtures as seen previously 
in studies [11]. A 77.5% reduction was observed since the 
surface area would have increased in the concrete due to the 
silica fume’s small particle size. Resolving this by adding 
more water or superplasticizer could also affect the concrete’s 
strength. Therefore, although S2 and S3 are on par with S1, 
S4 and S5 cannot be used for onsite concreting but only for 
precast elements. 

C. Compressive Strength 

The results for the compressive strength tests are 
provided in Fig. 4. and the experimental series were 
compared to the control S1. Although the mix design used is 
classified as an industrial-grade 30 concrete, the strength 
achieved was much higher. It was designed like this because 
on-site curing conditions could be very different to the curing 
condition maintained for an experiment and it is therefore 
important that the concrete achieves the minimum strength 
required. 

A 10.2% decrease in strength is observed in S2, which 
could be due to weak ITZs near the pellets and an increase in 
porosity with the use of single-sized aggregates similar to 
past studies [9], [17]. S3 experienced only a 6% reduction, an 
improvement, which could have been due to better bonding 
between the plastic aggregate and the cement because of the 
chemically treated aggregate surface as seen previously in 
studies [14], [17], [19]. Hence, it can be established that the 
bond between the aggregate and the cement influences the 
compressive strength. S4 produced compressive strength 
results which were 1.9% higher, while S5 was 7.4% higher 
than S1. The addition of silica fume in these mixes with the 
treated pellets would have reduced the microvoids present in 
the concrete, and especially in the ITZ, by filling them with 
hydrated products such as C-S-H gels, thus improving the 
concrete’s strength. The experimental mixes were even able 
to surpass the control hence achieving the strength required 
by industrial-grade concrete. Further, even the criteria of 

having a compressive strength between 21-35MPa for SLWC 
as per ACI 213R-03 was met. 

D. Saturated and Oven Dry Density 

The saturated and oven-dried densities of the samples are 
provided in Table IV. The oven-dried density of all samples 
was naturally lower than the saturated density. S2 and S3 had 
similar dry densities, while S4 and S5 were slightly lower in 
comparison. This may have been due to the silica fume’s 
specific gravity being lower than that of cement. However, 
even the lowest oven-dry density of 2378 kg/m3 is still higher 
than the maximum density limit of 2000 kg/m3 for 
lightweight concrete as specified in BS EN 206-1:2016. 
Therefore, lightweight aggregate concrete could not be 
produced with the replacement ratios used in this study. 

E. Statistical Analysis of Compressive Strength Results 

These tests were performed by considering the 
compressive strength results as the response and taking the 
series number as the factor. The ANOVA test conducted 
assumed that all the samples have equal variance, and this 
was verified via Levene’s test. The null hypothesis in 
Levene’s test stated that “all variances are equal”. The P-
value provided in Table V was greater than 0.05 therefore the 
null hypothesis was accepted. The null hypothesis for the 
ANOVA test stated that all the means of the groups were 
equal. The P-value for this (see Table V) was less than 0.05 
and thereby rejected. Therefore, this analysis establishes that 

 
Fig. 3 Slump heights for series S1 to S5 
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there is an overall effect of chemically treating the plastic 
aggregates and adding silica fume on the concrete’s 
compressive strength. Tukey’s HSD results provided in Table 
VI showed a significant difference between S2 and S5 
indicating the effectiveness of the treatment and adding silica 
fume on the strength. We also see a correlation between S4 
and S5 indicating that a 2.5% difference in the replacement 
of cement with silica fume was effective in increasing the 
compressive strength significantly, thus concluding that 
varying the replacement ratio of silica fume further may still 
have an impact on the concrete’s strength. 

F. Aggregate Distribution 

 Plastic tends to float due to its low specific gravity and 
this was observed in the mixing stage of this study which 
raised concerns regarding the aggregate distribution of the 
concrete. In PAC, the weakest part of the concrete is the ITZ 
around the plastic. Therefore, this segregation causes the 
accumulation of many pellets in a particular area and 
increases the volume of weak ITZs there, which then 
increases the chances of failure. In Fig. 5, conglomerations of 
plastic pellets can be observed in samples S2 and S3 in the 
areas circled in yellow, while in samples S4 and S5, the 
pellets were instead evenly distributed. This may have been 
because the slump was drastically low in the S4 and S5 
mixtures due to the addition of the silica fume. This is 
corroborated in a study by Yingli and Chao [20] who further 
add that silica fume has a dispersion effect that surrounds the 
aggregate when it’s in the concrete, where it charges the 
aggregates with the same charge causing them to repel each 
other. The distribution of aggregates too would have assisted 
the concrete in reaching its high compressive strength. 

G. Microstructure Analysis 

The SEM test images are provided in Fig. 6. Image A for 
S2 did not show any visible cracks but since a height 
difference was seen near the pellets, we can assume that the 
cement around it broke off due to delamination between the 
plastic and cement. This has been seen previously in studies 
[16], [17]. The crack in image B was measured to be a little 
less than 20µm in width making it a relatively large crack. 
The crack at S3 in image D had a width of approximately 1µm 
which was much smaller. It can be thereby assumed that the 

TABLE IV DENSITY OF THE PLASTIC AGGREGATE 

Series  Saturated (kg/m3) Oven Dry (kg/m3) 
S2 2541 2457 
S3 2538 2450 
S4 2519 2398 
S5 2509 2378 

TABLE V  STATISTICAL ANALYSIS RESULTS FOR 
COMPRESSIVE STRENGTH 

 
P- Value 

Type Levene's 
Test 

ANOVA One way Test 

Overall 
Strength Vs 
Series 
Number 

0.573 1.80428E-07 

a. Note - The Significance level for both tests were α = 0.05 

TABLE VI TUKEY SIMULTANEOUS TESTS FOR 
DIFFERENCES OF MEANS 

Difference of 
Levels 

Difference of 
Means 

Adjusted P-Value 

S2 - S1 -5.200 0.0002696 
S3 - S1 -2.467 0.0460396 
S4 - S1 2.667 0.0302246 
S5 - S1 6.633 0.0000408 
S3 - S2 2.733 0.0262785 
S4 - S2 7.867 0.0000165 
S5 - S2 11.833 0.0000109 
S4 - S3 5.133 0.0002993 
S5 - S3 9.100 0.0000120 
S5 - S4 3.967 0.0022379 

Individual confidence level = 99.18% 

 

 

Fig. 5 The distribution of aggregate for each series where 
conglomerations of plastic are highlighted for S2 and S3 while a 
uniform distribution can be observed for S4 and S5. 

 
Fig. 6 SEM images of S2-S5 samples showing the cement-plastic 
bonding, debonding and the hydrated products in the ITZ around the 
pellets 



treatment of the plastic helped improve the adhesion. This 
may also explain the difference in compressive strength 
between S2 and S3. For S4, image E shows a crack in the area 
circled in blue while the ITZ in the green area had no visible 
cracks. This could indicate good adhesion in the ITZ due to 
the aggregate treatment and the addition of silica fume. A 
similar morphology is observed for S5 but additionally, it was 
observed that the porosity in the ITZ was low and the 
formation of CSH gels was high as seen in image F. This too 
could be attributed to the addition of Silica fume which could 
have thus improved the concrete’s compressive strength.  

IV. CONCLUSION 

Overall, the study was able to establish that plastic could 
be incorporated into concrete to not just achieve the minimum 
strength necessary for SLWC, but the material could even 
perform on par with that of concrete used currently in the 
industry. Yet, lightweight concrete could not be produced 
with a 15% replacement ratio of plastic. The series S5 had the 
highest strength as it was 7.4% higher than that of the control. 
From the outcomes of this study, it was concluded that 
statistically, the addition of silica fume and treating the plastic 
did have a significant effect on the strength. However, adding 
silica fume reduced the workability drastically by 77.5% but 
this in turn improved the aggregate distribution. With the 
slump obtained, only precast elements can be produced with 
this material as per this design. The SEM test confirmed that 
the ITZs were improved as there were smaller cracks and 
more C-S-H gel formed. The study thereby confirmed that the 
quality of the ITZ around the plastic can be improved, the 
bonding between plastic and the cement matrix around it can 
be enhanced, and thus the compressive strength of PAC can 
be increased satisfactorily. Therefore, improving the other 
mechanical and durability properties of this material is worth 
further studying as PAC has the potential to become a useful 
building material 

ACKNOWLEDGMENT  

The authors would like to acknowledge Capital RMC 
(Pvt) Ltd for providing the materials and the equipment used 
to conduct the experimental proceedings for this study. We 
also like to thank Finex Engineering (Pvt) Ltd for sponsoring 
and providing the Silica Fume. 

 REFERENCES 
[1] G. P. N. Gunarathna, N. J. G. J. Bandara, and S. Liyanage, “Analysis 

of issues and constraints associated with plastic recycling industry in 
Sri Lanka,” pp. 26–27, 2010, doi: 10.31357/fesympo.v15i0.168. 

[2] R. Siddique, J. Khatib, and I. Kaur, “Use of recycled plastic in concrete: 
A review,” Waste Manag., vol. 28, no. 10, pp. 1835–1852, 2008, doi: 
10.1016/j.wasman.2007.09.011. 

[3] K. L. Scrivener, A. K. Crumbie, and P. Laugesen, “The interfacial 
transition zone (ITZ) between cement paste and aggregate in concrete,” 
Interface Sci., vol. 12, no. 4, pp. 411–421, 2004, doi: 
10.1023/B:INTS.0000042339.92990.4c. 

[4] M. P. J. M. Mehta P. Kumar, Concrete Microstructure, Properties and 
Materials, vol. 4, no. 3. 2006. 

[5] S. Sahu, S. Badger, N. Thaulow, and R. J. Lee, “Determination of 
water-cement ratio of hardened concrete by scanning electron 
microscopy,” Cem. Concr. Compos., pp. 987–992, 2004, doi: 
10.1016/j.cemconcomp.2004.02.032. 

[6] Z. Z. Ismail and E. A. AL-Hashmi, “Use of Waste Plastic in Concrete 
Mixture as Aggregate Replacement,” Waste Manag. 28 2041–2047, 
2007, doi: 10.22161/ijaers/3.12.23. 

[7] A. Hamzeh, “Effects of Polyvinyl Chloride as a Partial Aggregate 
Replacement on Mechanical Properties and Behavior of Self 
Compacted Concrete,” no. April, 2018. 

[8] S. C. Kou, G. Lee, C. S. Poon, and W. L. Lai, “Properties of lightweight 
aggregate concrete prepared with PVC granules derived from scraped 
PVC pipes,” Waste Manag., vol. 29, no. 2, pp. 621–628, 2009, doi: 
10.1016/j.wasman.2008.06.014. 

[9] Y. W. Choi, D. J. Moon, J. S. Chung, and S. K. Cho, “Effects of waste 
PET bottles aggregate on the properties of concrete,” Cem. Concr. Res., 
vol. 35, no. 4, pp. 776–781, Apr. 2005, doi: 
10.1016/j.cemconres.2004.05.014. 

[10] O. Y. Marzouk, R. M. Dheilly, and M. Queneudec, “Valorization of 
post-consumer waste plastic in cementitious concrete composites,” 
Waste Manag., vol. 27, no. 2, pp. 310–318, Jan. 2007, doi: 
10.1016/j.wasman.2006.03.012. 

[11] K. Ali, M. I. Qureshi, S. Saleem, and S. U. Khan, “Effect of waste 
electronic plastic and silica fume on mechanical properties and thermal 
performance of concrete,” Constr. Build. Mater., vol. 285, p. 122952, 
May 2021, doi: 10.1016/j.conbuildmat.2021.122952. 

[12] 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,” Constr. Build. Mater., vol. 52, pp. 
236–244, Feb. 2014, doi: 10.1016/j.conbuildmat.2013.11.049. 

[13] F. K. Alqahtani and I. Zafar, “Plastic-based sustainable synthetic 
aggregate in Green Lightweight concrete-A review,” Constr. Build. 
Mater., 2021, doi: 10.1016/j.conbuildmat.2021.123321. 

[14] Z. H. Lee, S. C. Paul, S. Y. Kong, S. Susilawati, and X. Yang, 
“Modification of Waste Aggregate PET for Improving the Concrete 
Properties,” Adv. Civ. Eng., vol. 2019, 2019, doi: 
10.1155/2019/6942052. 

[15] M. S. Meddah, S. Zitouni, and S. Belâabes, “Effect of content and 
particle size distribution of coarse aggregate on the compressive 
strength of concrete,” Constr. Build. Mater., vol. 24, no. 4, pp. 505–
512, 2010, doi: 10.1016/j.conbuildmat.2009.10.009. 

[16] S. I. Basha, M. R. Ali, S. U. Al-Dulaijan, and M. Maslehuddin, 
“Mechanical and thermal properties of lightweight recycled plastic 
aggregate concrete,” J. Build. Eng., vol. 32, p. 101710, Nov. 2020, doi: 
10.1016/j.jobe.2020.101710. 

[17] J. Thorneycroft, J. Orr, P. Savoikar, and R. J. Ball, “Performance of 
structural concrete with recycled plastic waste as a partial replacement 
for sand,” Constr. Build. Mater., vol. 161, pp. 63–69, Feb. 2018, doi: 
10.1016/j.conbuildmat.2017.11.127. 

[18] S. Zitouni, A. Naceri, M. Maza, and T. Faculty, “AGGREGATES ON 
THE PHYSICO-MECHANICAL PROPERTIES c r v i h o e f,” ASIAN 
J. Civ. Eng., vol. 17, no. 4, pp. 459–478, 2016. 

[19] T. R. Naik, S. S. Singh, C. O. Huber, and B. S. Brodersen, “Use of post-
consumer waste plastics in cement-based composites,” Cem. Concr. 
Res., vol. 26, no. 10, pp. 1489–1492, Oct. 1996, doi: 10.1016/0008-
8846(96)00135-4. 

[20] G. Yingli and Z. Chao, “Experimental study on segregation resistance 
of nanoSiO 2 fly ash lightweight aggregate concrete,” Constr. Build. 
Mater., vol. 93, pp. 64–69, 2015, doi: 
10.1016/j.conbuildmat.2015.05.102. 

[21] I. Oshiro and A. Positieri, “The use of recycled plastic in concrete. An 
alternative to reduce the ecological footprint,” 2014. 

 


