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Abstract

Plastic wastes found in high percentage in the municipal solid wastes (MSW) have attracted consideration recently due to
environmental safety issues. The plastic-wastes used as one of the raw-materials in the processing of construction related
products, bricks in particular, is a new way of waste utilisation. Plastics are in use in several ways, right from the drinking
bottles to household items, which in turn converts to waste once the functionality ends. Since the plastics, thermoplastics
in particular are not biodegradable, one optimum way of using these plastic-wastes are essential for solving this problem
of their increase in number. The main aim of this investigation is to comprehend the effects of plastic wastes (polyethylene
terephthalate and high-density polyethylene) on the mechanical properties of bricks. The preparation of the brick had 10%,
25% and 40% of plastic wastes. The mixture of sand and plastic wastes, as per their percentage by weights, were placed in
the preheated mould with 700 °C temperature, holding them at the peak temperature for 15 minutes. The molten mixture
was poured in the fabricated mould and allowed to cool down. The prediction from the optimized response plot along with
the real-time fabricating and testing of sand-plastic brick infers that the brick comprising 25% by weight of plastic yields
the best sand plastic brick, exhibiting an average compressive strength of 133 MPa, which implies that it can withstand

72.59% more compressive stress than the commercially available Indian FCBs.
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1. Introduction

One of the major developmental goal of the world is the
promotion of sustainability and environmental safety. Several
countries in the world today are tackling with the appropriate
management and disposal of its municipal solid waste
(MCW), in particular the plastic waste (PW). The general
existing methods of disposal in the current trend are
incineration, landfilling, haphazard littering, which imposes
negative effect on the human health and the surrounding
environment. The current disposal system is gradually
choking the atmosphere and the filling the surroundings with
plastics. The major contributor the plastic wastes are the
polyethylene trephalate (PET) and the high-density
polyethylene (HDPE), utilized in most of the daily-use items.
Every day, a large amount of items made up completely or
partially of the said plastic is utilized, which, eventually, end
up in accumulated MSW. The major concern is that the said
plastics are not biodegradable and hence does not break into
particles absorbable by nature. In simple words, plastics are
one such culprit that accommodates to a high percentage for
environmental pollution [1].

Recycling the plastics is the quick need in present scenario
in order to close the material-loops, in turn to maintain the
natural resources. The rate of spread of the plastic wastes in
environment is much higher than the rate at which they are
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been recycled. MSW contributes to around 80% by fraction
of the global plastic wastes, which includes the thermoplastics
used for this study. The various mechanical along with the
rheological tests have shown that the possibilities of using
plastic wastes as raw materials. The work done by authors [2]
proves that the applicability of the plastic wastes for the new
product as per the need shall be assessed. One of the
significant environmental solution to the increasing problem
of the plastic wastes are the mechanical recycling. The
authors [3] investigated thoroughly the life-cycle
environmental effects of mechanical plastic recycling system.

The collected wastes from various source in China were
processed and sent back to market. In comparison to the
composite and ‘new’ plastic materials, the mechanically
recycled plastics proves to be an excellent choice in most
environmental scenarios. The construction industrial sector
contributes significantly to the global economy. In India
alone, the sector generates about 8% and in European Union
(EU), it generates nearly 10% of gross domestic product
(GDP). Like any industry, construction sector also generates
wastes, which has no particular composition. Most of these
wastes are typically disposed to the landfills, with no intention
of re-use or recovery. One such disposed construction
material is the excessively procured sand. Such wastes
generate the significant environmental and economic concern
[4]. The recycled sand as per the author’s [5] experimental
work has proved to be a better alternative as raw materials in
construction industry than the conventional mixing elements
in terms of the mechanical, microstructural and physical
properties of the final product. An extensive literature
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reviewed by the authors [6] has shown that the recycled
aggregates from the construction wastes in comparison to the
conventional and natural aggregates, could be used as raw
materials in the construction materials.

Fired clay bricks (FCBs) until date remains to be the
oldest and ecological construction material, as natural raw
material viz., clay, water and sand contributes to its
composition. The conventional bricks exhibit excellent
mechanical properties and proves best to be used for the
construction [7]. With the demand for -construction
development due to rapid global urbanization, the demand for
the bricks is increasing. The industries, manufacturing the
fired clay bricks, contributes towards the air pollution largely.
Hence, an increase in the demand of bricks implies the
increase in the air pollution, which in turn increases the health
problems [8]. Table. 1 represents the minimum average
compressive strength of Indian FCBs as per IS standards[9],
[10].

Table 1. Classification of Indian fired clay bricks
Class Designation Minimum Average
Compressive Strength

(MPa)
35 (Highest class of 35
common FCB)
45 (Highest class of heavy 45

duty FCB)

Researchers [11] investigated the mechanical property in
term of the compressive strength of the fabricated plastic
bottled blocks of concrete. The work makes use of the waste
500ml plastic bottle for the investigation purpose. The study
showed that there was a 57% rise in the compressive strength
when compared to the available commercial concrete blocks.
Another study, focused on using the plastic wastes, obtained
from used cables and footwear in making of plastic mixed
building material in form of lightweight concrete. The plastic
used here was the only aggregating material. The
investigative work proved that the proportion of plastic added
to the mixture has a significant effect. The work also depicted
that the thermos-technical properties improves with plastic
addition [12]. Developed by Box in the 1950’s the response
surface method or RSM is an excellent tool that very well
combines the experimental design with the statistical method.
The regression equation obtained by using RSM is generally
used to fit in the relationship between the terms (input
parameters or affecting factors) and the optimal level for each
factor could be obtained by synthesizing the significance of
the response (output parameter or affected factor) [13], [14].

2. Experimental Methods and Materials

The experiment comprised of using sand along with the
thermoplastic wastes made up of PET and HDPE. The
thermoplastics were finely chopped and dry-mixed in random
proportion. This mixture was then dry-mixed with the waste
sand obtained from the construction zone in three different
fixed proportion of plastic waste by percentage weight. The
preheated furnace was made use, to house the prepared sand-
plastic mixture. The mixture of sand and plastic wastes, as per
their percentage by weights, were placed in the preheated
mould with 700 °C temperature, holding them at the peak
temperature for 15 minutes. The molten compound was
poured into the clay brick mould and allowed to cool down
before demoulding. Three specimens of 230 x 115 x 75 mm

14

and three specimens of 55 x 10 x 10 mm were made out of
each type of B, By and B..

Table. 2 depicts the composition of moulded compounds.
All prepared specimen, were kept in laboratory, exposed to
ambient temperature for a time-period of 15 days. Further, the
experimental analysis were carried out using the response
surface method (RSM) on B, B, and B bricks. Fig. 1
represents the block diagram, depicting the followed
methodology for processing the sand-plastic (SP) bricks. The
conduction of compressive strength test on the specimen
followed ‘ASTM C67 standard of testing bricks and structural
clay tile’. Charpy test without notch, using ‘300J charpy
impact testing equipment’ was been used to conduct the
impact test. ‘Digital hardness tester by ECO instruments’ was
in use to measure the Rockwell hardness of the bricks.
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Fig. 1. Methodology flowchart

Table 2. Composition of moulded compounds

Raw materials Composition of moulded
compounds in percentage by
weight
Type A | TypeB | TypeC
brick brick brick
(Ba) (Bn) (Bo)
Plastic waste 10 25 40
comprising PET and
HDPE
Waste sand from 90 75 60
construction site

While using the RSM, the two input parameters of two
levels were selected, one being the percentage of plastic waste
in the bricks and the second being the percentage of sand
waste (SW) being used in the bricks. The response parameters
for the experimental work is the compressive strength
(N/mm?), impact strength (KCU) and the Rockwell hardness
(HB).

The linear +interaction equation was obtained to
comprehend the effect of the parameters in the bricks and to
estimate the optimum amount of plastic waste (%P) and sand-
waste (%S) combination to obtain the bricks exhibiting the
said mechanical properties to the currently available fired clay
bricks in India. Analysis of variance (ANOVA) was carried
out with 95% confidence value. Table 3 represents the details
of the terms and respective levels, used in the experimental
analysis.
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Table 3. Details of the terms and respective levels

S. No Parameters Levels
-1 1
1 % Plastic Waste 10 40
% Sand Waste 40 90

The two input parameters of two levels selected for the
experimental work are the percentage by weight of PW in SP
bricks and the percentage by weight of SW in the SP bricks.
The response parameters for the experimental work is the
compressive strength (MPa), impact strength (KCU) and the
Rockwell hardness (HB).

The ‘linear + interactive’ regression equation was

variance (ANOVA) was carried out with 95% confidence
value. Table 3 represents the details of the parameters and
respective levels, used in the experimental analysis.

3. Results and Discussion

Table. 4 depicts the experimental analysis (EA) results of the
effect of parameters on the compressive strength (CS). The p
value of the interaction between two terms and percentage by
weight of plastic waste (%P) holds the statistical significance
over the compressive strength. Eq. 1 represents the regression
equation for the same.

obtained to comprehend the effect of the parameters in the €S = 132.067 — 2.047(%P) + 51.533(%P%S) @)
bricks and to estimate the optimum percentage by weight of
plastic waste (%P) and sand waste (%S) to obtain the SP
bricks exhibiting the said mechanical properties to the
currently available fired clay bricks in India. Analysis of
Table 4. Compressive strength - EA results
Source DF Seq SS Contribution Adj SS Adj MS F P
Model 2 5336.50 99.81% 5336.50 2668.25 1615.57 0.000
Linear 1 25.13 0.47% 25.13 25.13 15.22 0.008
%P 1 25.13 0.47% 25.13 25.13 15.22 0.008
2-Way Interaction 1 5311.37 99.34% 5311.37 5311.37 3215.91 0.000
%P*%S 1 5311.37 99.34% 5311.37 5311.37 3215.91 0.000
Error 6 9.91 0.19% 9.91 1.65
Total 8 5346.41 100.00%

Table 5 represents the experimental analysis (EA) results
displaying the effect of parameters on the impact strength

statistical significance over the impact strength. Eq. 2
represents the regression equation for the same.

(IS). The p value of the interaction between two terms and IS = 49.36 — 4.44(%P) + 7.99(%P%S) 2)
percentage by weight of plastic waste (%P) holds the
Table 5. Impact strength - EA results
Source DF Seq SS Contribution Adj SS Adj MS F-Value P-Value
Model 2 245.83 72.62% 245.83 122.92 7.96 0.021
Linear 1 118.22 34.92% 118.22 118.22 7.65 0.033
%P 1 118.22 34.92% 118.22 118.22 7.65 0.033
2-Way Interaction 1 127.61 37.70% 127.61 127.61 8.26 0.028
%P*%S 1 127.61 37.70% 127.61 127.61 8.26 0.028
Error 6 92.68 27.38% 92.68 15.45
Total 8 338.51 100.00%

Table 6 represents the experimental analysis (EA) results
displaying the effect of terms on the Rockwell hardness (HB).
The p value of the interaction between two terms and

statistical significance over the Rockwell hardness. Eq. 3
represents the regression equation for the same.

percentage by weight of plastic waste (%P) holds the @ HB = 26.80 — 1.27(%P) + 6.17(%P%S 3)
Table 6. Impact strength - EA results
Source DF Seq SS Contribution Adj SS Adj MS F-Value P-Value
Model 2 85.682 58.37% 85.682 42.841 421 0.072
Linear 1 9.627 6.56% 9.627 9.627 0.95 0.368
%P 1 9.627 6.56% 9.627 9.627 0.95 0.368
2-Way Interaction 1 76.056 51.81% 76.056 76.056 7.47 0.034
%P*%S 1 76.056 51.81% 76.056 76.056 7.47 0.034
Error 6 61.107 41.63% 61.107 10.184
Total 8 146.789 100.00%

Fig. 2 represents the optimal response plots, predicting the
best value for compressive strength (CS) obtainable to be
132.07 MPa. The predicted value shows the %PW to be 25%

and %S to be 75%. The bricks manufactured at the predicted
values, when measured proved to have an average
compressive strength of 133 MPa. Hence, the theoretically
predicted value matches the experimental value with a minute
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and negligible error of 0.007%. One of the brick made with
this combination is as shown in Fig. 3.

Now %P %5

High 00 9.0

D 00823y [75.0] [75.61

DBredict  Low 100 0.0
CS (N/mm

Maximum
y — 130.0667
d - 098730

Fig. 2. Optimum response plot for compressive strength

4. Conclusion

Experimental analysis shows that sand-plastic bricks are one
of the best ways to recycle both plastic wastes and
constructional sand wastes, addressing the growing challenge
of increasing wastes in terms of plastics in the environment.
It is also an observation that the percentage by weight of
plastic in the sand plastic is the most significant factor. The
prediction from the optimized response plot along with the
real-time fabricating and testing of sand-plastic brick infers
that the brick comprising 25% by weight of plastic yields the
best sand plastic brick, exhibiting an average compressive
strength of 133 MPa, which implies that it can withstand
72.59% more compressive stress than the commercially
available Indian FCBs.

This is an Open Access article distributed under the terms of the Creative
Commons Attribution License
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