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Available online 16 May 2025 a sustainable building material in construction. In general, an ecobrick is a recycled
Polyethylene Terephthalate (PET) plastic bottle filled with mixed inorganic waste such
as used plastic, packaging or other wastes to a set density. The aim of this research is
to determine the best ratio of plastic waste in PET bottles to produce ecobrick as a
construction material. This research was conducted to evaluate the strength of the
different density ratios of plastic waste in PET bottles in terms of compressive strength,
drop impact resistance and flexural strength. A total of seven ecobrick samples with
density ratios of 0 g/ml, 0.15 g/ml, 0.25 g/ml, 0.35 g/ml, 0.45 g/ml, 0.55 g/ml and 0.65
g/ml were prepared. The samples were tested using compressive tests, drop tests,
flexural tests and failure analysis. The tests revealed that the optimum density ratio of
an ecobrick is 0.45 g/ml. Subsequently, 3-unit and 6-unit blocks were developed to test
the strength of the ecobrick with a density ratio of 0.45 g/ml. This was done to
investigate the feasibility of ecobrick as a construction material. The compressive

Keywords: strength for the 6-unit ecobrick was 9272.13 N while the compressive strength for the
Plastic waste; ecobrick; compressive 3-unit ecobrick was 3649.03N. It can thus be concluded that a combination of ecobrick
strength; drop test; flexural strength; units provides greater compressive strength which makes it suitable as construction
ecobrick application material.

1. Introduction

Construction is the process of assembling and erecting structures, mainly those that function to
provide shelter and protection in ancient times [1]. As time went by, the construction industry
expanded into large structures such as road construction, railway development, house design and so
on [2]. This indicates that the construction industry brings a lot of advantages to a nation and its
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citizens. The construction industry plays a vital role in stimulating economic growth. It creates job
opportunities, generates revenue and contributes to the overall gross domestic product (GDP) of a
country [3]. In addition, the construction industry also boosts the development of infrastructure by
building and maintaining essential infrastructure such as roads, bridges, airports, railways, schools,
hospitals and residential buildings. These structures provide a foundation for economic activities and
social development, improving the quality of life for communities. Therefore, it cannot be denied
that the construction sector is a significant source of employment.

According to the Malaysian Public Works Department [4], brick is one of the most important
building materials in construction. Bricks are used for a wide range of construction projects, including
walls and structural elements because of their long-term performance in terms of their strength,
efficiency, durability and to ensure a wholesome and cosy environment [5]. There are various types
of bricks available on the market, each with its own characteristics and uses. The choice of brick type
depends on factors such as intended application, aesthetic preferences and environmental
considerations. Some common types of bricks include common bricks, fire bricks and lightweight
bricks. In general, common bricks are the most basic and standard type of bricks used in construction
projects such as walls, foundations or decorative elements.

Nevertheless, even though the use of brick in the construction industry is advantageous, it also
has some inherent disadvantages to the environment and human health, primarily due to the
resource-intensive nature of brick manufacturing. Brick production requires natural resources such
as clay, shale and other raw materials. The extraction of these materials can lead to habitat
destruction, soil erosion, loss of biological diversity and the depletion of non-renewable resources
[6]. In some regions, wood or other biomass materials are used as fuel in traditional brick kilns,
leading to deforestation and loss of biodiversity. In terms of human health, during the production of
bricks, dust and airborne particles may be released. There is strong evidence that particulate matter
(PM), carbon monoxide (CO), ozone (03), nitrogen dioxide (NO2) and sulphur dioxide (SO2) are public
health concern [7]. Prolonged inhalation or exposure to high levels of these particles can irritate the
respiratory system and potentially lead to respiratory problems, particularly for individuals with pre-
existing respiratory conditions.

As brick has been found to have negative effects on the environment and human health, research
studies have been conducted by scholars over the years to find alternative materials that can be used
to produce brick. Most of the past research has used waste materials in the production of bricks.
Among the waste materials used include waste clay bricks [8], autoclaved aerated concrete brick
trash [9], cement kiln dust and grated polystyrene [10], agricultural waste [11-14], cigarette butts
[15,16], glass waste [17-19] and plastic waste [20-22]. In general, these researchers found that waste
materials can be used to produce brick. Bricks made from waste materials provide greater strength
and performance than conventional bricks. For example, bricks made from plastic waste have a
greater compressive strength at 8.16 N/mm? compared to conventional soil bricks with a
compressive strength of 2.16 N/mm? [23].

Meanwhile, studies have been conducted on the use of plastic PET bottles to replace brick as a
construction material. These researchers used different types of inorganic waste materials as filler
content to produce PET bottle brick or also known as ecobrick. Some of the inorganic waste filler
content materials used include plastic waste [24], sand or soil [25-27] and waste glass [17-19]. To
date, the use of only plastic waste as filler content material in producing ecobrick is minimal and
almost non-existence. The strength properties of ecobrick with plastic waste filler content have only
been proven in simulation studies by Lim et al., [28] and Ali et al., [29]. Even though plastic waste is
a widely used material in any industry due to its elasticity and durability, it takes approximately 450
years to biodegrade [30]. Therefore, this study aims to investigate the feasibility of ecobrick produced
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using plastic waste as construction material. It is hoped that at the end of this study, not only an
innovative solution to produce a cheaper, environmentally friendly and competent brick can be
achieved, but the problem of the increasing amount of plastic waste disposed of in landfills can also
be addressed.

1.1 Ecobrick

Ecobricks are recycled Polyethylene Terephthalate (PET) plastic bottles filled with mixed inorganic
waste such as used plastic, packaging or other types of waste to a set density [31]. Ecobricks serve as
reusable basic components to create a wide range of products such as furniture, walls and other
construction structures. Besides, ecobricks are a low-cost building material that can also be recycled
to reduce waste disposal in places where industrial recycling is still lacking. As a result, ecobricks have
driven the innovation and technology that support a clean future for our nation. The potential of
ecobricks which give value to something that is once worthless is a step away from the outdated
paradigm of waste and garbage.

The concept of ecobricks was founded in 2000 by a German architect Andreas Froese, who used
sand as filler material in PET bottles [32]. Froese discovered 10,000 bottles as he volunteered to clean
up after an event in Honduras. He introduced the initial plastic bottle house project in the village of
Yelwa, Nigeria. Since then, he has built parks, schools, residences, water reservoirs and other
structures out of plastic bottles filled with sand. Since then, the use of ecobricks as a sustainable
building material has become an inspiration to the world.

Furthermore, the use of ecobricks has also been initiated in Guatemala, through the Philippines
to South Africa by an environmental activist, Susanna Heisse. Heisse was outraged by the amount of
plastic trash surrounding Lake Atitlan in Guatemala and she later found that ecobricks could be a
solution towards reducing plastic pollution [33]. Heisse used them to construct a wall, which served
as an example to people all across the world. Through this project, Hug It Forward, Vida Atitlan
(Susanna's organisation) and other groups have already built 38 ecobrick schools in Guatemala and
many more are being planned.

1.2 Compressive Strength Test

Compressive strength refers to the capacity of a material to withstand pushing forces from an
axial direction without any crack or deflection [34]. With the aid of a compression testing machine, a
compression strength test is performed on bricks to evaluate their load-carrying capacity. The
compressive strength test is a fundamental indicator for building units from a material’s flexibility,
workability and load-displacement properties. The minimum permissible average compressive
strength is 5.2 N/mm?2 for bricks and 2.8 N/mm? for hollow blocks per 10 samples chosen randomly
from the Contractor’s stock pile of 1000 or part thereof [4].

1.3 Drop Test

An impact strength test is usually used to determine the performance of bricks on site. Various
forms of impact tests can be conducted to measure the impact resistance of bricks such as drop-
height test, drop-weight test, projectile impact test, instrumented pendulum impact test and
weighted pendulum Charpy-type impact test [28]. In general, a drop-weight impact test is
recommended to determine the strength of the tested material as it is the easiest, most
straightforward and most cost-efficient method [35]. The drop test determines an object’s ability to
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withstand a defined amount of physical impact by dropping it from a specified height onto a hard
surface or floor [36]. During the drop test, the tested material should maintain its shape after
dropping on the ground surface without any damage.

1.4 Flexural Test

Flexural strength is one of the parameters to indicate how strong a material is against breaking
or cracking under bending stress. When force is applied in tension or compression, a material with
high flexural strength may sustain bending, stretching, twisting and other forms of stress without
deforming [37]. Flexural test findings for bricks are represented as a rupture modulus, abbreviated
as (MR) in megapascals (MPa) or newtons per square millimetre (N/mm?2). Either the three-point load
test (ASTM C78) or the centre point load test can be used to perform flexural tests on brick (ASTM
C293) [38]. For example, ASTM C78 is typically used for smaller specimens while ASTM C293 is used
for larger specimens. It should be noted that taking into account the bigger size of specimen’s results
in a low modulus of rupture. Additionally, the modulus of rupture accounts for 10-15% of the
material’s compressive strength.

1.5 Failure Analysis

Failure analysis is a process of collecting, identifying and investigating the reason for a failure to
prevent similar failures for the next generation [39]. A comprehensive failure analysis needs to
present a well-supported chain of evidence that either rebuts or supports a potential analysis of the
damage evidence. The most important rule in identifying the existing cause of problems is analysing
the cause of failures. Subsequently, the problems are be determined and suitable recommendations
can be proposed for changes that cannot be avoided [40]. Some of the general failure analysis
techniques that have been implemented include root-cause failure analysis (RCFA), failure modes
and effects analysis (FMEA), fault tree analysis (FTA) and hazard and operability study (HAZOP). One
of the most common failure analysis techniques that can be applied in this study is the root cause
failure analysis (RCFA) [41].

2. Methodology
2.1 Determination of Different Density Ratios of the Sample Size

A literature search was carried out to determine the density ratios of the sample size. For the
literature search, past studies were analysed in terms of the density ratio of sample size and research
methodology. A table was constructed to compare how previous studies selected their samples to
conduct experimental work. This information was used to determine the optimum sample size for
this research.

From the literature search conducted, the density ratios from Lim et al., [28] and Ali et al., [29]
were adopted as sample size. Firstly, both studies used a range of density ratios as their sample size.
In contrast to other studies, the sample size is determined based on the weight of the bottle and the
percentage of plastic waste as a filler content. The use of density ratio for calculating the mass of an
ecobrick is a more accurate measure of its strength than the weight of the bottle or the percentage
of plastic waste [42]. This is because density ratio takes into account the volume of the bottle as well
as the weight of plastic waste. A higher density ratio indicates a stronger ecobrick [43]. Therefore,
density ratio is used to determine the sample size in this research. A total of seven samples of
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ecobricks with different density ratios were prepared. A summary of the samples used in this
research is shown in Table 1.

Table 1
Preparation of samples
Sample Density ratio (g/ml) Weight of sample

A 0.0 15g (empty bottle without plastic filler content)
B 0.15 0.15 g/ml x 500 ml = 75g

C 0.25 0.25 g/ml x 500 ml = 125g

D 0.35 0.35 g/ml x 500 ml = 175g

E 0.45 0.45 g/ml x 500 ml = 225g

F 0.55 0.55 g/ml x 500 ml = 275g

G 0.65 0.65 g/ml x 500 ml = 325¢g

2.2 Preparation of Ecobrick Samples

After the sample size was determined, ecobrick samples were prepared based on the density
ratios that have been identified prior to laboratory testing. The preparation of ecobrick samples
consisted of PET bottles and non-biodegradable plastics. In general, the process of making ecobrick
samples requires a few steps, the:

i.  collection, cleaning and drying of PET bottles
ii. selection of PET bottles
iii.  preparation of plastic as filler content
iv.  process of making ecobricks. It is important to note that the preparation of ecobrick samples
is based on the standard guidelines of ecobrick production from the Global Ecobrick Alliance
[43].

In this study, 500ml PET bottles were used to make ecobricks. This is because the size of a 500 ml
PET bottle is similar to the size of a conventional brick. The 500 ml PET bottle has a length of 200 mm
and a diameter of 65 mm. Meanwhile, the conventional brick measures 190 mm in length, 90 mm in
width and 90 mm in height. The bottles chosen to make ecobrick samples come from the same brand.

In terms of filler content, the plastic waste chosen is made up of a mixture of hard and soft plastic
such as bottle caps, soap refill packages, grocery bags and biscuit packets. This mixture was used as
filler content as hard plastic materials are lightweight but have high impact strength and rigid while
soft plastics have low material weight but high impact strength with high recyclability. A mixture of
these plastics can result in strong and rigid ecobrick samples. All plastic materials were washed, dried
and cut into smaller pieces before being compacted into the PET bottle. A sample of a completed
ecobrick is shown in Figure 1.

Fig. 1. Completed ecobrick
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2.3 Laboratory Testing on Ecobrick Samples

The ecobrick samples with different density ratios underwent laboratory testing to determine
their strength and durability as a construction material. Among the laboratory tests conducted
include:

i. compressive strength test
ii. droptest
iii.  flexural test.

Finally, a failure analysis was carried out on the samples after the laboratory tests.

3. Results and Discussion
3.1 Strength Properties of Different Densities of the Sample Size
3.1.1 Compressive strength test

The graph in Figure 2 shows the average compressive results of seven samples which are A, B, C,
D, E, F and G with different density ratios. In Figure 2, the graph shows that there is steady increment
in compressive strength as the sample density increases. The trend illustrates that Sample A (density
ratio 0 g/ml) has the lowest compressive strength values of 0.39 N/mm? whereas Sample G (density
ratio 0.65 g/ml) has the highest compressive strength value of 53.09 N/mm?. The greater the density
of the samples, the greater the compressive strength [44].

Average compressive strength (N/mm?) VS sample density ratio (g/ml)

53.09
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Fig. 2. Graph of average compressive strength against each density ratio of the ecobrick

In terms of failure analysis, the results indicate that Sample A failed more obviously than Sample
G. In Figure 3, the samples are arranged from Sample A (left) to Sample G (right). Sample A suffered
from great deformation after being compressed. Ecobrick samples with a lower density ratio tend to
show higher damage, with more visible fractures and buckling compared to higher density ratio
samples. This is likely due to the fact that low-density ratio samples are not able to withstand the
given load, resulting in more prominent failure modes. In addition, low-density ecobrick samples may
have more voids compared to high-density ecobrick samples due to lower filler content [45].

81



Journal of Advanced Research Design Penerblit

Volume 131 Issue 1 (2025) 76-89 Akademia Baru

— o

(a) (b) (c) @ @ O (g)
Fig. 3. Ecobrick sample after compressive test (a) Sample A (b) Sample B (c)
Sample C (d) Sample D (e) Sample E (f) Sample F (g) Sample G

3.1.2 Stress and strain

A stress-strain curve is a graphical representation of the relationship between stress (force per
unit area) and strain (deformation) of a material. Figure 4 shows a graph of the yield strength of
ecobrick samples at different density ratios. From the results, it can be concluded that Sample G (0.65
g/ml) resulted in the greatest force at 17188.33 N with an elongation of 30 mm in the compression
test. Meanwhile, Sample A (0 g/ml) experienced the least elongation with 26.1 mm at 927.21 N.
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~. 15000

10000

Force (N

5000

0
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S ample A m—Sniple B e=—=Sample C e=—Sampe D

w—Sample E Sample F e=——=Sample G

Fig. 4. Stress-strain curve after compressive strength test

3.1.3 Drop test

The results of the drop test indicate that the higher the weight of a sample, the better the
appearance of the sample after being dropped at the height of 1.0 m, 2.0 m and 3.0 m (Table 2). For
Sample A, significant sunken areas were found on the PET bottle after being dropped at a height of
3.0m. In contrast to Samples E, F and G, the bottles did not break and fail on the surface after being
dropped from a height of 1.0 m, 2.0 m and 3.0 m respectively. Therefore, it can be said that the more
a bottle is compacted thoroughly with plastic waste, the more solid and rigid it becomes.

In terms of failure analysis, at 1.0 m, Sample A showed the most defects on its surface while
Sample G showed no defect on its surface. Sample F presented less failure than Sample E, Sample D,
Sample C and Sample B. At 2.0 m, Sample A also showed the most defeats on its surface while Sample
G showed no failure on its surface. At this height, Sample F also experienced less deformation than
Sample E, Sample D, Sample C and Sample B. Last but not least, at 3.0 m, Sample A also showed the
most defects on its surface than 1.0 m and 2.0 m, while Sample G showed no failure on its surface
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even though the drop height increased. The results of failure analysis for Samples A to G are shown
in Table 2.

Table 2

Drop test results (a) Samples before drop (b) Samples after drop
Sample Before drop After drop

A Drop height: 1.0 m Drop height: 1.0 m
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Drop height: 2.0 m Drop height: 2.0 m
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3.1.4 Flexural test

Figure 5 shows the flexural strength of each density ratio at three different parts of the ecobrick.
From the results, it can be said that as the density ratio increases, the body part supports more
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flexural strength than the neck and bottom effectively. In general, the flexural strength of samples
with greater recycled filler content is weaker than samples with lower filler content. This is in line
with the previous study from Tesfaw et al., [46] that proved that recycled high-density polyethylene
scrap (rHDPE) has weaker bond strength than virgin high-density polyethylene (vHDPE) materials. As
the molecular weight of virgin HDPE is large, it contributes to very strong bond strength. Therefore,
with a higher load, bond strength is allowed to break.

Flexural strength (MPa) at different density ratio (g/ml)

= B Neck HBody mBottom =
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A B C D E F €]
B Neck 0.05 0.7 492 431 4.65 6.22 7.78
H Body 0.04 1.78 3.76 6.15 6.59 6.72 11.02
| Bottom 0.04 0.65 5.85 6.34 11.96 13.31 0.53

Sample
Fig. 5. Flexural strength (MPa) at different density ratios (g/ml)

The samples are arranged from Sample A (left) to Sample G (right) (refer to Figure 6). Based on
Figure 6, in terms of failure analysis, it was observed that Sample E cracked more insignificantly than
Samples A, B, C and D. In contrast, Sample F ruptured more than the Sample E. Meanwhile, Sample
G deformed more completely than the other sample. The samples cracked and failed at the maximum
point after the flexural test. This is because the plastic content in the PET bottle reached the
maximum bending point and is unable to provide flexural strength for the PET bottle [47].

(a) (b) (c) (d) (e) () (8)
Fig. 6. Ecobrick sample after the flexural test (a) Sample A (b) Sample B (c) Sample
C (d) Sample D (e) Sample E (f) Sample F (g) Sample G
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3.2 Ecobrick Application

After the optimum density ratio in producing ecobrick is obtained, the ecobrick block was
designed in units of 3 and 6 to determine the strength properties of ecobrick as a construction
material. Figure 7 shows the force applied to the 3-unit and 6-unit ecobrick blocks. For the 3-unit
ecobrick block, the maximum compressive strength was 3649.03 N. Meanwhile, the 6-unit ecobrick
block reached a peak force at 9272.13 N. This demonstrates that ecobrick blocks consisting of plastic
waste can be used as construction material due to surprisingly high strength [48].

Force (N) against ecobrick block

10000 9272.13
8000
Z 6000
S 3649.03
5 4000
vy
0
3 units 6 units

Ecobrick block

| Force (N)
Fig. 7. Ecobrick blocks after compressive test

4. Conclusions

In conclusion, this research has achieved all the objectives of the study. From the research, the
optimum density ratio of plastic waste composition to produce an ecobrick as a sustainable building
material is 0.45 g/ml, which is Sample E. Based on the overall strength testing, Sample E with a density
ratio of 0.45 g/ml reaches a significant flexural value and did not experience breaking or cracking
under bending force. Besides, Sample E also obtained a compressive strength of 17.54 N/mm? which
exceeds the minimum recommended brick compressive strength of 5.2 N/mm? as regulated by the
Malaysian Public Works Department. Subsequently, ecobrick blocks have been designed in 3 units
and 6 units to determine its strength properties as a building material. From the laboratory tests, the
6-unit ecobrick block (9272.13 N) provides greater strength compared to the 3-unit ecobrick block
(3649.03 N). As a result, it can be concluded that ecobrick made of plastic waste as a filler content is
feasible as construction material. The production of ecobrick is an innovative approach which brings
various benefits to the environment and to the society by reducing the use of natural resources and
plastic waste disposal in landfills.
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