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INVESTIGATION OF THE COMPRESSIVE STRENGTH OF SAND-FILLED
POLYETHYLENE TEREPHTHALATE BOTTLES AS A MATERIAL FOR WALL
CONSTRUCTION

ABSTRACT

The disposal of plastic wastes in the environment has negatively impacted the
environment as plastics are non-biodegradable and contain chemicals that are
harmful to humans, animals, plants and the environment at large. The need therefore
arises for research to proffer solutions that would lead the better management of
plastic wastes. This study evaluated the compressive strength of sand-filled PET
bottles (with varying moisture content, 0-15%) and clay bricks incorporating sand-
filled PET bottles for wall construction. Cement was used to stabilize the clay at 0%,
10% and 15% by weight. The compressive strength of the bricks produced were
compared with that of control bricks (without sand-filled PET bottles). The results
obtained reveal that the compressive strengths of the PET bricks were less than
those of the control bricks. The PET bricks can however be used for non-load
bearing wall construction. An optimum of 2% moisture content of sand is
recommended for filling the PET bottles.
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1. INTRODUCTION

The surge in global population which has led to an exponential demand for
infrastructure. This has resulted in a rapid depletion of natural resources used for the
production of construction materials. Also, the ever-rising costs of construction
materials has led to increased costs of infrastructural development, making it a
herculean task for low-income earners to build decent houses. In order to meet up
with this demand, researches tend to focus on the use of indigenous, traditional and
waste materials such as PET bottles, as a constituent material in construction
processes [1-2].

Waste management is another issue of global discuss, as its poor management has
resulted in the pollution of the environment. Poor waste management usually has
adverse effects on humans, animals, plants, soil and the environment. Global
warming for example, is a primarily caused by human activities that release harmful
wastes (gases) into the environment. In recent years, plastic wastes make up a bulk
of municipal solid wastes in cities around the world.Plastic constitutes about 50% of
about 300million tonnes global waste generated in 2015 [3].

Plastic waste disposal is a global concern since it is nonbiodegradable in nature and
hazardous, because of its potential harmful effect on human health and to the
environment. The enormous amounts of plastic waste bring disastrous
consequences, such as pollution (i.e., air, land, marine), food chain contamination,
biodiversity breakdowns, energy waste, and economic loss. Every year not less than
200 billion bottles of bottled water are consumed globally. Only about 15% of this
quantity is recycled in all recycling plants across the globe while the remaining ones



end up in trash bins, landfills or open dumpsites in cities across the globe [4-5].
Plastic bottles make up about 11% of the contents of landfills [6]. An effective waste
management system is therefore necessary for the economic growth, the overall
wellbeing of mankind and environmental sustainability.

Plastic has different properties such as durability and corrosion resistance, good
isolation for cold, heat and sound, saving energy, economical, longer life span, and
light weight. Because of their lower cost, higher flexibility, manufacturing ease, high
strength, thermo stability and transparency, and better performance, plastics are
replacing the conventional materials like metal, wood and glass, used in the food and
beverages industry. Polyethylene Terephthalate (PET) is one of the most common
plastic products used for packaging food and beverages [2-6, 8-10].

The use of plastic wastes such as filled PET bottles as building materials has been
proven tobe an effective approach for the profitable utilization of wastes as well as
mitigating infrastructure deficitbecause of their low-cost as evidenced from various
researches that have been carried out.

Rahman et al [11] investigated the suitability of the use of air-filled PET bottles for
cavity wall construction. Their findings showed that the blocks produced performed
satisfactorily as they met the required compressive strength for blocks used for
cavity wall construction. They also observed a 27% reduction in the material cost
when air-filled PET bottle blocks were used as compared to the traditional hollow
concrete blocks.

Afolayan et al [2] carried out a study to evaluate the compressive and flexural
strengths of bricks made using laterite-filed PET bottles. The laterite-filed PET
bottles were embedded in cement-stabilized clay.From the results they obtained,
they recommended that the bricks produced can be used for the construction of non-
load bearing walls.

Chaurasia &Gangwar[6]used PET bottles filled with soil to construct a toilet and a
hanging garden. They observed that the use of PET bottles instead of bricks for wall
construction hada substantial effect on saving the building embodied energy and
reduced the CO, emission associated with the use of cement.

Sharma [8] observed that PET bottles filled with well compacted sand, soll, fly-ash
and plastic wastes can be used as a building material replacing traditional bricks as
the strength parameters of filled plastic bottles are on a higher end as compared to
traditional bricks. It was further observed that bricks made using filled PET bottles
are light in weight and possess same thermal properties as of traditional bricks. They
also have high sound reduction index as compared to concrete blocks and do not
permit light to pass through then as when seen by naked eyes.

The current research aims to investigate the strength properties of the sand-
filledPET bottles forthe constructionof walls, and to strengthen existing literature.

2. MATERIALS AND METHODS
The materials and methodology employed in thisstudy are presented as follows

2.1 Materials



The materials used for this study are as follows
2.1.1 PET Bottles

The PET Bottles (500ml) used were gotten from waste collection points, retail shops
and event centres in Ibadan, Nigeria. Bottles in good shape and condition were
sorted, washedand dried after collection, were used for this study (seeFigure 1). The
failure load of the empty PET bottle is 1.5kN.
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Figure 1: PET Bottles used
2.1.2 Cement

Ordinary Portland Cement Grade 32.5 purchased in Ibadan, Nigeria, conforming to
the requirements of NIS 444-1: 2003 [12] was used for this research.

2.1.3 Clay

Brown coloured clay conforming to the requirements of BS EN 12620[13]was used
for this research.It was sourced from Ibadan environs, Ibadan, Nigeria. The clay was
sun-dried for 7 days to remove moisture in it and sieved using 4.75mm sieve. The
clay has a natural moisture content of 15.2%, bulk density of 1.21g/cm?® and specific
gravity of 1.82.

2.1.4 Fine Aggregate

Sharp river quartzite sand free of clay, loam, dirt and any organic or chemical matter,
and maximum size of 4.75mm sourced from a stream inside the University of Ibadan
Campus, Ibadan, Nigeria was used for this study. It has a specific gravity of 2.62,
bulk density of 1.81g/cm®and fineness modulus of 2.75. The sand was sun-dried for
7 days before its use.

2.1.5 Water

Potable tap water was used for this study.
2.2  Experimental Investigation
2.2.1 Specimen Preparation

Firstly, 21 PET bottlescomprising empty and sand-filled (with 0%, 2.5%, 5%, 7.5%,
10% and 15% moisture content) bottles were tested for their compressive strengths.
This was done to ascertain the optimum moisture content of the sand to be used to
fill the bottles. ThePET bottles were filled with sand in 3 layers with the aid of a filter



funnel. Each layer was given 20 blows with the aid of a tamping rod. Moisture was
added to the sand to increase its density.

To produce the PET bricks, sand containing the optimum moisture content was
poured into the bottles in 3 layers, having each layer with 20 blows using a tamping
rod. Bricks measuring 260mm x 260mm x160mm were cast using a mixture of clay
and cement as the binder, with a water-to-binder ratio of 0.30. Cement was used to
partially replace clay at 0%, 10% and 15% replacement by weight. The sand-filled
bottles were horizontally arranged in the bricks after which they were cast with
thoroughly mixedclay-cement mortar. Control specimen (without PET bottles) were
also casted.18 bricks were casted, comprising 9 control (without PET bottles)bricks
and 9 sand-filled PET bottle bricks.Mixing and casting of the specimen was done
manually. The brickscasted were extruded from the moulds after 24 hours and
placed in a water bath to cure for 28 days, after which they were tested for their
compressive strength.

Casting, compaction and curing of the specimenswere conducted in accordance to
B.S. EN 12390-parts 1 and 2 [14-15]while compressive strength tests were carried
out in accordance to B.S. EN 12390-3 [16].Figures 2a and 2b show a sand-filled
bottle and a PET brick specimen respectively been tested.The tests were carried out
at the Materials Testing Laboratory, Department of Civil Engineering, University of
Ibadan, Nigeria.
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Figure 2: Compressive strength test (a) empty PET bottle (b) PET brick

3. RESULTS AND DISCUSSION
3.1 Compressive Strength of Filled PET Bottles

The results for the compressive strength testson the sand-filled (with 0%, 2.5%, 5%,
7.5%, 10% and 15% moisture content) PET bottles are presented in Figure 3.The
results obtained indicate that the compressive strength of the specimen increased as
the moisture content increased up to 2.5%, beyond thismoisture content, the



compressive strength kept declining. The decrease in compressive strength of the
specimen can be attributed to the reduced cohesion between sand particles as the
moisture content increases.
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Figure 3: Graph showing the average failure load of sand-filled PET bottles
3.2 Compressive Strength of Filled PET Bottles

The results for the compressive strength tests on the bricks are presented in Figure
4. From the results obtained, it was observed that the compressive strength of all the
bricks increased as the quantity of cement increased.It was also observed that the
bricks with sand-filled PET bottles had lesser compressive strength when compared
with the corresponding control bricks (without PET bottles). There was a 21.18%,
15.98% and 71.41% difference in the compressive strengths obtained for the control
and PET bricks with 0%, 10% and 15% respectively in the cement content of the
binder.A similar trend was observed in the study carried out by Afolayan et al [2].
The increase in the compressive strength of the bricks as the cement content
increased can be attributed to the stabilizing effect of cement in the matrix.



1.60

1.40

1.40

1.20

1.00

0.76
0.82

M 0% cement

o]
Q
o
0.80
B 10% cement
o
0.60 3 o 15% cement
0.40
0.20
0.00

CONTROL PET

3

AVERAGECOMPRESSIVE STRENGTH (N/MM?)
0

Figure 4: Graph showing the average compressive strength of the bricks
4. CONCLUSION

The study investigated the compressive strength of sand-filled PET bottles (with
varying moisture content of 0-15%). Clay bricks incorporating sand-filled PET bottles
with varying cement content (0%, 10% and 15%)were also produced and tested for
their compressive strengths. The compressive strengthvalues of the bricks
werecompared with that of control bricks (without PET bottles) to ascertain their
suitability as wall construction materials. An optimum of 2% moisture content was
obtained for sand-filled PET bottles.The results also reveal that the compressive
strength of sand-filled PET bottle bricks was less than that of the control bricks.

From the study, it can be concluded that the use of PET bottles is an environmentally
friendly material construction and its use will promote the profitable utilization of
wastes materials. Also, sand-filled PET bottle bricks can be used for the construction
of non-load bearing walls.
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