INVESTIGATION OF RECYCLED PLASTIC WASTE INTO BRICKS FOR THE
CONSTRUCTION OF HOUSING PROJECTS IN GHANA

ABSTRACT

Alternative materials are now being used for the construction of various projects in Ghana due to
the expansion of infrastructure in the country. The quantity of materials needed to build
infrastructure presents a significant opportunity to reuse some of the waste products. It has
become possible to investigate the recycling of plastic waste into the construction of bricks due
to the substantial discrepancy between the supply and demand of traditional building materials.
In this study, an effort was made to recycle a sizable amount of HDPE waste gathered from
markets, shopping centres, landfills, and supermarkets for the utilization of bricks for housing
projects. To determine the efficacy and durability of the bricks made from recycled plastic waste
for various uses in civil engineering projects, several experimental tests including the
compressive strength test, split tensile test, and water absorption tests were conducted. The mix
ratios for the plastic bricks for compressive and tensile strength are 1:3, 1:4, and 1:5.5,
respectively, while their water absorption mix ratios are 1:2, 1:3, and 1:4. The experimental
findings demonstrated that the bricks produced had good compressive strength, tensile strength
and low water absorption rates. Additionally, it was observed that the manufactured bricks are
lightweight, have a smooth surface and fine edges, and can be an excellent substitute for clay and
conventional concrete blocks, which have been used for decades to build housing projects in the

country.
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1. INTRODUCTION

Construction businesses in many developing nations have embraced innovative techniques for
building sturdy infrastructures for both public and private use using a variety of building
materials (Atta et al., 2021). The used materials demonstrated a variety of attributes, including
strength and endurance to withstand any loads imposed on it after being used in specific
infrastructural sectors. It is vital to employ high-quality and durable building materials to
complete the task at hand because the goal is to provide infrastructure amenities for a population
that is rapidly growing (Moghayedi et al., 2017). Thus, throughout many decades, the
development of homes and other infrastructure projects has made use of building materials from
a variety of suppliers (Malindu, 2022). Roads, houses, and railway lines have all been constructed
for a long time using resources like cement, sand, stones, wood, and rocks (Danso, 2013). Each
material serves a variety of purposes due to its unique characteristics, qualities, and durability.
However, the quality, durability, and economic viability of the materials used in certain
construction projects are taken into consideration while making the decision (Olanrewaju and Lee,
2022). Before the commencement of housing projects, regular meetings between structural
engineers and architects are held to assess the ability of the materials to support loads (Gyima
and Oppong, 2016). Traditional building materials are getting more difficult to locate, according
to recent observations. The inability of manufacturing industries to satisfy the needs of the
construction industries has had major consequences for many current building and other
infrastructure projects, even though it was thought that this was the industry that would be most

viable for many housing projects (Kineber and Hamed, 2022). Several industries' attempts to



produce the essential building materials have, once more, had a very unfavourable effect on

construction projects all over the world.

Furthermore, due to a lack of raw materials that could be utilized to produce building materials
for housing projects, many poor countries throughout the world now largely rely on recycled
items as a choice of building materials (Yehia et al., 2015). The materials used for construction
projects over the past few years have proven to have the maximum strength and durability for the
duration of their use in diverse structural applications (Zheng et al., 2021). However, as its final
application in construction has been underutilized, there is a gap between awareness of and
implementation of recycled plastic materials as a choice of sustainable building materials in the
construction sector (Du and Jiang, 2021). Plastics, paper, metals, wood, glass, and other solid
waste items are among the materials that are most frequently recycled. Due to the emergence of
recycled plastics as alternative building materials and their use in civil engineering for the
construction of housing projects, researchers have thoroughly conducted comparison studies into
recycled materials that may be used for construction (Tulane et al., 2022). For this reason, solid
waste products from supermarkets, retail outlets, and landfills have been recycled, assessed in
civil engineering laboratories, and demonstrated to be suitable for use in construction. As a
substitute building material for housing projects in Ghana, plastic-recovered materials were

employed in this study.

Recycling of plastic waste has been seen as a superior option to cement mixes or concrete
mixtures to dispose of plastic waste due to its advantages in terms of economy and the
environment as a replacement or substitution of a particular part of the aggregate in concrete mix
(Singh et al., 2023). Additionally, lightweight concrete, which has several uses in construction,
would be a potential option for a novel technique to recycle plastic waste (Thiounn and Smith,
2020). Numerous studies looking into the use of different waste materials in construction have
been described in published literature. Other researchers have thoroughly studied the literature

on replacing fine aggregate in concrete with bottom ash, waste foundry sand, copper slag, plastic



garbage, recycled rubber waste, and crushed glass aggregate (Pooja et al., 2021). The building
and civil engineering industries are paying increasing attention to worries about the potential of
plastic waste mixed with cementitious-based combinations like polyethene for construction

(Nyika and Dinka, 2022).

2. MATERIALS AND METHOS

2.1 MATERIALS

2.1.1 High-Density Polyethylene (HDPE) plastic waste

High-Density Polyethylene (HDPE), a thermoplastic polymer made from petroleum, is stronger,
more opaque, and more heat resistant. It is a flexible plastic substance with many uses that makes
it extremely valuable to be recycled into building materials for civil engineering projects. In
addition to plastic bottles, milk jugs, juice containers, shampoo and body wash bottles, cutting
boards, pipes, and milk and juice bottles, HDPE is used in a wide range of products. The
substance exhibits strong impact resistance, a low melting point, a high strength-to-density ratio,
and good tensile strength. To create the plastic for the bricks, the waste plastic materials were

first crushed in a plastic shredder machine.

2.1.2 Clay

The main component of the raw materials used to make the bricks, along with plastic waste, is
clay. The manufacturing of plastic bricks started with the gathering of clay-based raw materials.
Clay, which served as a binder to facilitate bonding, was used to harden and adhere to the plastic

materials.

2.2 Methodology
The following methodology was adopted for the research:

o Collection of plastic waste



e Batching

e Melting

e Mixing

¢ Moulding
e Curing

2.2.1 COLLECTION OF PLASTIC WASTE

Low-density polyethene (LDP), which was collected from stores, markets, and landfills, was
employed as the plastic waste material for the experimental examination. They are constructed
from a lightweight, flexible plastic that is appropriate for the test. Among the plastics that are
gathered are water bottles and plastic bags. These were kept dry and secure in rice sacks, and any
natural moisture that would have compromised analysis was only partially removed before being
air dried in pans. After drying, the samples were transferred to the laboratory so that any
hazardous components, including roots, could be removed there. The final samples for the tests
were made by crushing the samples with a mortar and pestle before being run through a sieve
(i.e., a sieve with a mesh size of 5 mm). Plastic materials are reduced to shredded form using a
shredder machine that can create bits up to 1 cm long. The cement used was common Portland

cement (OPC), obtained from a nearby market.

2.2.2 BATCHING OF PLASTIC WASTE

The measurement of materials for the production of brick was carried out using a piece of batching
equipment in the laboratory. The various plastics to be tested were separated, and any extraneous garbage
that was present in the gathered material was taken out and examined to make sure it was prepared for
burning. The plastic debris was burned in a controlled location to prevent the discharge of poisonous

fumes into the environment that could endanger human life.

2.2.3 MELTING
During the melting process, the arrangement of stones, drum and the required firewood were

done to enable successful burning of the materials. The stones are arranged to hold the drum



stable and firewood is placed in the gap and it is ignited. The drum is placed over the setup and it
IS heated to remove the moisture present in it. Shredded plastic pieces required for making one
brick in the weight proportions of 1:4 (plastic: clay) were added into the drum and allow it to
fully melt so as to form a hot thick slurry. Fig. 1 shows how the burning of plastic waste were

carried out by the researchers in the study.

Fig 1: Burning of plastic waste

2.2.4 MIXING OF THE MATERIALS

The materials were thoroughly mixed to produce bricks that are both consistent and strong for the
construction of housing projects. The mixture was prepared with the goal of achieving homogeneity,
uniform colour, and consistency. The graded dirt (which is 4.75mm passing) was added to the pan as soon
as the plastic has melted which was thoroughly mixed with a trowel equipment. It was risky to allow the
heated substance to come into touch with the skin when handling the mixture, thus the appropriate safety
procedures were taken. Before the melting process, the soil and plastic were appropriately batch-stacked
in the required proportion.

2.2.5 MOULDING

During the moulding procedure, the prepared mix was put into the mould of dimensions 225 x 125 x 75
and compacted with a tamping rod. Before filling the mould, oil was used to lubricate the interior walls to
prevent the mix from clinging to the surface and to make it easier to remove the bricks for testing. Fig. 2

shows the moulding of plastic bricks in the laboratory.



Fig. 2: Moulding of plastic bricks in the laboratory

2.2.6 Curing

The samples were taken to a separate room to prevent outside influences from disturbing the prepared
bricks before they were allowed to dry for 48 hours before being removed for testing. The samples were
then given a curing period of 7, 14, 21 or 28 days, as appropriate.

3. EXPERIMENTAL PROGRAMME
3.1 Compressive Test

The test was performed on the specimen using a universal testing machine with a maximum force of 3000
kN at a speed of 3.7 kN/min. During the experimental investigations, the bricks which were of
dimensions 225 mm x 125 mm x 75 mm were arranged uniformly in the machine. The load was gradually
released until the bricks deformed or broke was observed. The experiment was performed in compliance

with (ASTM C67). The compressive strength of the specimen was determined at 7, 14, 21, and 28 days

using the equation below:

. Applied maximum load %1000 (N)
Compressive strength = S T T T, (1)
Cross Sectional area (mm 2)




Fig. 3: Compressive strength test of plastic brick

3.2 Split Tensile Test

The split tensile test was carried out by the American Society of Testing and Materials (ASTM
C496). After numerous cycles of soaking and drying, samples of the manufactured bricks
underwent tensile strength tests. Similar to the bricks tested previously for the compressive
strength test, the bricks have the same dimensions. On the tensile testing equipment, the bricks
were positioned in between the bearing blocks. To guarantee even distribution of applied
pressure, a piece of mild steel measuring 90 mm in width by 190 mm in length, 4 mm thick, is
positioned horizontally along the upper and lower load-bearing length of the bricks. The highest
load for the test was recorded along with the split tensile strength, which was computed using the

tensile load rate of 4000 N/mm.



Fig. 4: Split tensile test of plastic brick

3.3 Water Absorption Test

The test was performed to assess how much water the brick absorbed and to ensure that it did not absorb
more than 12% of its weight in water. The bricks having a lower water absorption rate were thought to be
of higher quality. The test bricks were heated to remove any moisture content before being dried in an
oven at a temperature of between 105°C and 115°C until they attained a consistent weight. The weight
(W1) of the bricks was then determined when they had cooled to room temperature. The brick (W1) was
fully dried, weighed, and then immersed in fresh water for 24 hours at a temperature of 27-20°C. When
bricks were taken out, the water and weight were immediately removed, and the bricks were weighed and
noted as (W2). The test was performed by ASTM D570. The formula presented below was used to

determine the percentage of water absorbed:

w2-w1i

Water absorption = X 100

where
W2 being the weight of the dry brick measured in kg

W1 being the weight of the wet brick measured in kg



4. RESULTS AND DISCUSSION

4.1 RESULTS

4.1.1 Test results of compressive strength

Table 1: Compressive strength of bricks tested at day 7

Age in Days Size of bricks Cross- Maximum Compressive
Sr. No. sectional area | load applied | strength
(mm) (mm?) (kN) (N/mm?)
1 7 225x125x 75 | 16875 325 9.190
2 7 225x125x 75 | 16875 175 10.370
3 7 225x125x 75 | 16875 155 19.260
Table 2: Compressive strength of bricks tested at day 14
Sr.No. | Agein Days | Size of bricks Cross-sectional Maximum load | Compressive
area applied (kN) strength
(mm) (mm?) (N/mm?)
1 14 225x125x 75 | 16875 335 11.141
2 14 225x125x 75 | 16875 215 12.700
3 14 225x125x 75 | 16875 188 19.850
Table 3: Compressive strength of bricks tested at day 21
Sr No. Age in Days Size of bricks Cross- Maximum Compressive
sectional area | load applied | strength
(mm) (mm?) (kN) (N/mm?)
1 21 225x125x 75 | 16875 202 11.970
2 21 225x125x 75 | 16875 225 13.333




3 21 225x125x75 | 16875 342 20.267

Table 4: Compressive strength of bricks tested at day 28

Sr No. Age in Days Size of bricks Cross- Maximum Compressive

sectional area | load applied | strength

(mm) (mm?) (kN) (N/mm?)

1 28 225x125x 75 | 16875 215 12.741

2 28 225x125x 75 | 16875 235 13.926

3 28 225x125x 75 | 16875 350 20.741

Table 5: Average compressive strength (N/mm?)

Age (Days) | Area of bricks (mm?®) | Average crushing load | Average compressive

(kN) strength (N/mm?)

7 16875 218.333 12.938

14 16875 252.667 14.973

21 16875 256.333 15.190

28 16875 266.667 15.802

4.1.2 Test results of tensile strength

Table 6: Tensile strength of bricks tested at day 7

Sr No. Age in Days Size of bricks Cross- Maximum Tensile

sectional area | load applied | strength

(mm) (mm?) (kN) (N/mm?)

1 7 225x125x 75 | 16875 35.00 2.074

2 7 225x125x 75 | 16875 60.00 3.556

3 7 225x125x 75 | 16875 70.00 4.148




Table 7: Tensile strength of bricks tested at day 14

Sr No. Age in Days Size of bricks Cross- Maximum Tensile
sectional area | load applied | strength
(mm) (mm?) (kN) (N/mm?)
1 14 225x125x 75 | 16875 38.00 2.251
2 14 225x 125x 75 | 16875 69.00 4.089
3 14 225x125x 75 | 16875 70.00 4.889
Table 8: Tensile strength of bricks tested at day 21
Sr No. Age in Days Size of bricks Cross- Maximum Tensile
sectional area | load applied | strength
(mm) (mm?) (kN) (N/mm?)
1 21 225x125x 75 | 16875 55 3.259
2 21 225 x125x 75 | 16875 75 4.444
3 21 225x125x 75 | 16875 90 5.333
Table 9: Tensile strength of bricks tested at day 28
Sr No. Age in Days Size of bricks Cross- Maximum Tensile
sectional area | load applied | strength
(mm) (mm?) (kN) (N/mm?)
1 28 225x125x 75 | 16875 60 3.550
2 28 225x 125x 75 | 16875 78 4.622
3 28 225x 125x 75 | 16875 95 5.630

Table 10: Average compressive strength (N/mm?)

Age (Days)

Area of bricks (mm?)

Average crushing load

Average tensile strength




(kN) (N/mm?)
7 16875 27.50 1.629
14 16875 59.00 3.496
21 16875 73.33 4.345
28 16875 77.67 4.603

4.1.3 Test results of Water Absorption

Table 11: WATER ABSORPTION TEST

Sample Samples dry mass | Samples wet mass Absorption
ratio M1 (kg) M2 (kg) rate (%)
1:2 2.585 2.849 10.21

1:3 2.650 3.048 15.019

1:4 2.771 3.214 15.99

4.2 DISCUSSION

The results of the tests were useful for conducting further analysis and discussion after carrying out the
experimental studies on the recycled plastic waste that was used to make the plastic bricks. The plastic
bricks made as a result of the experimental research gradually increased in compressive strength. On day
7, the strength of the bricks tested was 12.938 N/mm?®. The strengths for the different days, namely 14, 21
and 28 days are 14.973 N/mm?, 15.190 N/mm?, and 15.802 N/mm? using mix ratios of 1:3, 1:4 and 1:5.5.
The findings from the experimental investigations showed that the bricks produced from the recycled
plastic waste are of excellent quality and perform brilliantly, making them appropriate for use in housing

projects in Ghana. Tables 6 to 9 offer a distinctive presentation of the tensile strength of the plastic bricks



at the various test days, including 7, 14, 21 and 28 days. There was only a very slight improvement in the
tensile strength of plastic bricks, as it was noticed. These increases, meanwhile, might be brought on by
the high plastic content in the bricks. From Table 10, it can be observed that at day 7 the split tensile
strength of the brick produced from the test was 1.629 N/mm?. The split tensile strength of the bricks
significantly increased between days 7 and 14 followed by a modest continuation at days 21 and 28
respectively, as shown in Table 10 of this study. To analyze the effectiveness of the bricks in terms of
how water plays a crucial role in brick creation, the plastic bricks used in the study were evaluated for
water absorption, which varied from 10.21% to 15.99%. All of the water absorption values obtained from
the experimental test fall within the acceptable range when compared to the values for standard bricks,
which ranged from 12% to 20%. The water absorption test findings can be used to deduce that the bricks

produced are of a high level and might be used to construct homes in the country.

5. CONCLUSION
The following conclusions were drawn from the research:

1. The utilization of recycled plastic waste for construction applications will considerably increase
environmental sustainability and provide a dependable source of resources for construction.

2. The plastic bricks tested well in terms of compressive strength and tensile strength, which means
that no features that can cause the bricks to expand and crack. This makes the bricks even more
resilient to fire and durable when utilized in housing construction projects.

3. The water absorption of the plastic bricks tested in the study ranged from 10.21 % to 15.99 % and
whereas it ranges from 12% to 20% of normal clay bricks. These results for water absorption met
the requirements for normal clay bricks, proving that the plastic bricks produced are reliable,
compliant, and suitable for use in housing projects.

4. The use of plastic waste in construction has the advantage of promoting economic growth in the
sector and offers manufacturing companies the chance to consider recycling plastic waste as a

secondary option for creating materials for construction applications.
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