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There is a tremendous increase in plastic waste that negatively impacts the environment 
due to various industrial activities. Furthermore, plastic waste has non-biodegradable 
properties that make it hard to reduce its accumulation around the globe. Hence, this 
study aims to investigate the possibility of incorporating Polyethylene terephthalate 
(PET) waste as a partial replacement material of sand to improve the thermal insulation 
properties of cement sand brick by looking at findings of low thermal conductivity value. 
The study uses a PET plastic bottle that has been cut into small flakes and grind using a 
granulator machine to produce PET waste granules whose size is not more than 5 mm, 
similar to the sand size. This waste was added to other raw materials, i.e., cement and 
sand. The percentages of PET waste vary from 2.5%, 5%, and 7.5% by weight. This study 
produced two types of samples, i.e., control brick and PET waste cement sand brick. All 
samples undergo laboratory works involving geotechnical gradation, physical, 
mechanical, and thermal conductivity testing.  Based on the results obtained, the 
optimum proportion of PET waste replacement in cement sand bricks making is 5% by its 
having the lowest thermal conductivity value of 0.581 W/mK and meeting the standard 
requirements of 3.90 MPa > 3.45 MPa (ASTM C129-11 for compressive strength), and 
2,146 kg/m3 > 2,000 kg/m3 (ASTM C129-11 for normal weight non-loadbearing brick). 
Thus, PET plastic bottle waste can be a potential partial sand replacement material in 
cement sand bricks. Its potential to enhance the thermal conductivity of existing cement 
sand brick reduces sand consumption, solves plastic waste problems, and promotes a 
better environmentally-friendly construction industry.  
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1. Introduction 
 

Plastic produces the third-highest waste source globally, with the total volume of plastic waste 
growing relatively with increases in the global population and per capita consumption. The world 
generates 2.01 billion tons of solid urban waste per year, at least 33% of which are not managed in an 
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environmentally safe manner, in addition to a growth forecast of 3.40 billion tons by 2050 [1].  Malaysia, 
for example, is one of the largest countries in Asia that producers plastics, with over 1,550 manufacturers, 
employing 99,100 workers [2]. The increasing consumption of plastic in various industries and sectors has 
led to the generation of a high volume of plastic wastes in the world [3]. Plastic waste exerts a strong 
influence on the environment because it is a non-biodegradable material that can carry serious 
environmental threats, even more so through a modern way of life that uses many materials from plastic. 
Geyer et al., [4] reported that the global primary plastics waste generation increased from 1950 to 2015 
in the industrial sector. Plastic wastes constituted 19% of the total waste generated in Malaysia [5]. Of 
this waste, 74% comprised single-use plastic films, 17% rigid plastics, and 9% foam plastics. Malaysia’s 
percentage of plastic solid waste in Asia is second behind the Philippines [6], [7]. 

It has been reported that only 8.4% of the total plastic waste generated was recycled, while 75.8% 
was accumulated in landfills and the environment [8].  Many of the waste generated, especially from PET 
bottles, have resulted in water drains and eventually into the ocean. In the ocean, plastic continually 
breaks apart and gets smaller, ingested by marine species and other organisms. By 2050, it is estimated 
that there will be more plastic in the world’s oceans than fish [9,10]. Macro, micro, and nano plastics have 
polluted the earth’s soil, freshwater, and oceans [11], and such pollution kills wildlife, damages natural 
ecosystems, and contributes to climate change [12]. Studies show that the construction industry is one of 
the main sectors that have the potential to reuse solid waste as a potential raw material for several 
purposes, such as partial substitutions of raw materials for the production of building materials [13]. 

Diversely, the building sector has a major impact on the quality of the environment, as it consumes 
40% of the total energy, 50% of the total extracted materials, and 36% of the total CO2 emissions globally 
[14]. This large amount of energy used and related emissions will increase due to the increasing supply 
and demand of housing, especially in developing countries. Thus, it is necessary to take steps for new 
construction projects that efficiently use energy, natural resources, and materials. A major portion of 
building energy is consumed to provide a comfortable and healthy environment for its occupant through 
heating, air-conditioning, and ventilation [15]. Therefore, new building construction provides the best 
opportunity for improvised building envelopes, which can help reduce building energy usage.  

Moreover, selecting building materials for building envelopes is one of the methods to decrease the 
energy usage in the buildings. The strain on conventional energy can be reduced by utilising low embodied 
energy building materials and efficient structural design. The choice of materials also helps to maximise 
the comfort of the indoor environment. Using materials and components with small embodied energy or 
low thermal conductivity can enhance indoor comfort in buildings [16,17]. The utilisation of low thermal 
conductivity building materials is important to minimise the unwanted heat transfer between the outdoor 
and indoor environments to comfort the occupants.  The material that has a lower thermal conductivity 
value is a good thermal insulator. Appropriate thermal insulation in building envelopes can significantly 
reduce the amount of electricity consumed for space heating and cooling and eventually reduce the 
degradation of energy quality and cause CO2 emissions [18]. In addition, low thermal conductivity brick 
becomes an alternative building material for green construction, which is processed by increasing air voids 
and including high thermal insulation materials into the brick.  

As the intention of integrating sustainable development with the building sector, several attempts 
have been made to use natural or recycled materials having insulation properties in the construction of 
energy-efficient building envelopes [19]. Plastic wastes make an excellent choice as it decreases 
environmental pollution and also help save the energy used in recycling and production processes [20,21]. 
In addition, the properties of plastic, like its durability, chemical resistance, and low thermal conductivity, 
reinforce its popularity as a building material [22]. Among all the available plastic waste types, PET is one 
of the most widely used in building construction because of its high dielectric and insulating properties 
[19,21,23].  
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There are many types of plastic produced globally. Typically, plastic is divided into seven categories, 
and not every type can be recycled in Malaysia. These categories are Polyethylene terephthalate 
(PET/PETE), High-density polyethylene (HDPE), Polyvinyl Chloride (PVC), Low-Density Polyethylene (LDPE), 
Polypropylene (PP), Polystyrene (PS), and others [24]. The local recycling industry only concentrates on 
recycling three plastic categories out of seven due to being easily retrievable and holding high value. 
Generally, three types of plastic are capable of recycling, i.e., PET, HDPE, and LDPE. The world’s PET 
production is for synthetic fabrics (more than 60%), with bottle production contributing about 30% of 
global demand [25]. The PET which the focus of this study is finding in massive quantity from bottles. 
Plastic bottles waste is difficult to biodegrade [26]. Figure 1 shows the effects (both physical and chemical) 
of plastic waste, including PET, on physical health. 

 

 
Fig. 1. Adverse impacts of plastic waste on physical health [27] 

 
PET is a hard, stiff, strong, and dimensionally stable material.  PET is widely employed as a raw material 

to manufacture products such as bottles for soft drinks and containers for food packaging and other 
consumer goods [28].  PET bottles had taken the place of glass bottles as storage for beverages due to 
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being lightweight and the ease of handling and storage.  Generally, the empty PET packaging is discarded 
by the consumer after use and becomes waste PET. Developing a practical application for recycled PET 
will encourage recycling, reducing the volume of plastics that can be seen in landfills or waterways and 
minimising the economic costs associated with plastic pollution. Numerous researchers started to explore 
the concept of incorporating recycled plastic into the cement-based mortar as either fine aggregate or 
fibre. Some have chosen to manufacture products out of recycled plastics such as bricks, panels, thermal 
walls, and thermal roofing. Marsiglio et al., [21] reported that a Philippines-based company known as 
Green Antz had produced Eco-bricks from a mix of cement and plastics. 

Cement sand brick is one of the building materials used as an alternative for low-to-medium cost 
housing development and other commercial constructions in Malaysia. Cement sand brick is very easy to 
make, considering its low cost of production. This brick is mixed up with a combination of cement, sand, 
and water with a specified mix ratio such as 1: 6, and the water-cement ratio is 0.6. Cement used in the 
brick composition acts as a binder that sets, hardens, and adheres to other materials to bind them 
together. In detail, when cement mix with water, it forms a paste that sets and hardens through hydration 
reactions which, after hardening, retains its strength and stability.  On the other hand, sand (fine 
aggregate) acts as a filler and occupies most of the volume in the brick mixed.  The sand becomes 
cemented together and contributes to the structural properties of hardened brick. Sand usually helps in 
preventing brick mix shrinkage and also prevents cracking of brick mix during settling. Based on the 
standard requirement, the minimum permissible value of compressive strength non-load-bearing wall 
shall be not less than 3.45 N/mm2 [29].  

Numerous researches have shown that construction industries have contributed to the largest usage 
of natural resources and energy consumption that become the main issues of sustainability in Malaysia 
and worldwide [30,31,32]. For instance, the consumption of natural resources such as sand in brick 
production resulted in resource depletion, environmental degradation, and energy consumption 
[33,34,35,36]. Thus, many researchers have been researching green and sustainable materials to replace 
conventional building materials. For this research, using recycled PET for manufacturing plastic bricks is 
advantageous given the product longevity of bricks, which will keep plastic locked up for longer than many 
other applications, such as packaging [21]. The PET can partially replace fine aggregate (sand) at 
percentages less than ten (44). Studies by Akinyele and Toriola [37] of crushed plastic PET used in 
sandcrete brick can substitute fine aggregate in bricks at 0%, 5%, 10%, 15%, and 20%. However, the result 
revealed that crushed plastic PET could be used in sandcrete bricks if not more than 5% replacement. 

Table 1 verifies the incorporation of PET in different types of construction materials that have been 
conducted by previous researchers. Limited studies utilised shredded PET waste of plastic water bottles 
into cement and sand brick mix that focuses on the low thermal conductivity materials production. This 
paper investigates the viability of using PET (shredded plastic water bottles) as one of the primary building 
materials in cement brick composition. The fine aggregate (sand) in a brick mix was partially replaced by 
plastic. The utilisation of PET waste of plastic bottles for the production of bricks is being studied for their 
low cost and lightweight properties and to improve the thermal insulation properties of existing cement 
sand brick by lowering its thermal conductivity value. Moreover, the use of PET bottles in cement sand 
brick composition also decreases the structure’s dead load, which will help reduce the cost associated. 
Recycling the PET bottle as a primary material, and upcycling it into a profitable product, could reduce the 
number of plastics entering the land and aquatic ecosystems, which is vital. 
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Table 1 
Summary of previous works that incorporate PET in construction materials from the academic database 
Title Year Type of Material Parameters/Findings Refs 

Development of recycled PET fibre and 
its application as concrete-reinforcing 
fibre 

2007 Concrete PET fibre had good mixability, 
has reinforcing 
ability and shown easy handling 

[ 38] 

The effect of using polyethylene 
terephthalate particles on physical and 
strength-related properties of concrete; 
a laboratory evaluation 

2016 Concrete • Adding PET to the concrete 
mixture decreased both fresh 
and dry densities of concrete.  

• By using PET, the weight of 
produced concrete is 
reduced. 

• An increase in PET ratio and 
curing age makes samples 
more deformable before 
failure. 

• Using PET in concrete will 
significantly reduce 
environmental pollution. 

[39] 

Utilisation of plastic waste in concrete as 
a partial replacement of concrete fine 
aggregate 

2016 Concrete • Compressive strength: 
Compressive strength of 
concrete has been found 
decreasing gradually with the 
increase of adding plastic 
(max. 6%) 

• Environmental: Using plastic 
in concrete will significantly 
reduce environmental 
pollution. 

[40] 

The mechanical properties of brick 
containing recycled concrete aggregate 
(RCA) and polyethylene terephthalate 
waste as sand replacement 

2018 Cement Sand 
Brick 

• Density: The density steadily 
decreased with the increase 
of RCA and PET content in the 
mixtures. 

• Compressive strength: The 
reduction of strength is 
shown when the volume of 
PET increases. An only a 
certain amount of PET fibre 
increases the strength of 
brick samples. 

• Water absorption: The water 
absorption increased with the 
replacement percentage of 
PET wastes for all mixtures. 

[41] 

Analysis of physical and mechanical 
properties of pressed concrete blocks 
without structural purposes with 
additions of recycled PET 
 

2019 Concrete Block • Dry mass:  A decrease in the 
dry mass of the blocks as 
more PET was added to the 
mixture. 

• Water absorption: Block with 
15% recycled PET presented a 
reduction of 14.49% when 
compared to the absorption 
of the control block. The 
higher the replacement 
contents, the absorption 
increased. 

[42] 
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• Thermal conductivity: The 
increase in the recycled PET 
content in the mixture 
decreases the thermal 
conductivity of block 
samples. The addition of PET 
increases the number of 
voids in the mixture, 
increasing the porosity in the 
composite. The greater the 
porosity, the lower the 
thermal conductivity. 

• Compressive strength: The 
strength dropped sharply as 
the recycled PET content 
increased. 

Study of the suitability of unfired clay 
bricks with polymeric HDPE & PET 
wastes additives as a construction 
material 
 

2020 Unfired Clay 
Bricks 

• Porosity: An increase of 
porosity level when the 
additive’s size and the 
percentage are increased. 

• Bulk density: A decrease in 
the samples’ bulk density 
increases the additives’ size 
and percentage. 

• Capillary water absorption 
coefficient: A close 
relationship between the 
water absorption coefficient 
and porosity level. The higher 
the additive percentage is, 
the more porous the brick 
sample is. 

• Compressive strength: The 
compressive strength is 
varied with the percentage of 
the additive used. The 
decrease of the compressive 
strength as the additives’ 
percentage increases. The 
less porous the brick 
structure is, the higher the 
recorded bulk density of the 
specimen is. 

[43] 

Effect of waste PET on the structural 
properties of burnt bricks 

2020 Burnt /Fired 
Brick 

• Firing shrinkage: PET 
materials melted during firing 
because of their low melting 
point and thus deformed in 
shape. Bricks must have a 
linear firing shrinkage lower 
than 8% to retain good 
mechanical performance.  

• Water absorption: The water 
absorption values decreased 
with increasing firing 
temperature and decreased 
with increasing amounts of 

[44] 

https://www.sciencedirect.com/science/article/pii/S2352710219310903
https://www.sciencedirect.com/science/article/pii/S2352710219310903
https://www.sciencedirect.com/science/article/pii/S2352710219310903
https://www.sciencedirect.com/science/article/pii/S2352710219310903
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waste plastic in the mixtures. 
The PET materials in the 
bricks were water repellant 
as they occupied void spaces 
meant for water in the brick 
matrix. 

• Compressive strength: 
Compressive strength of clay 
bricks samples decreased 
with an increase in the 
proportions of PET. 

• Density: The more the 
presence of PET in a sample, 
the lower the density. The 
low density in PET-filled 
bricks was because of the 
lightweight of the PET 
material. 

• Flexural strength: The 
presence of PET in samples 
reduced both the bending 
and shear stresses generated 
in the bricks. 

• Microstructural properties: 
Capillary voids are present in 
the samples that contain PET. 
The large macrocracks on the 
samples with PET were due 
to the very poor bonding 
between the mixes and led to 
the low strength of the bricks 
containing the PET particle. 

Water absorption, strength and 
microscale properties of interlocking 
concrete blocks made with plastic fibre 
and ceramic aggregates 

2021 Interlocking 
Concrete Blocks 

• Water absorption: The 
plastic fibre in the 
interlocking blocks gave the 
least water absorption over a 
longer period. Reduction in 
water absorption can be 
attributed to the plastic fibres 
holding the concrete matrix 
together and reducing the 
pore spaces within the block. 

• Compressive strength: The 
compressive strength of the 
interlocking blocks increased 
as the percentage of plastic 
fibre increased. The increase 
in compressive strength with 
an increase in the percentage 
of plastic fibre added can be 
ascribed to the plastic fibres 
holding the concrete matrix 
together, thus increasing the 
impact resistance of the 
interlocking blocks to load. 

[45] 
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• Splitting tensile strength: 
The increase in split tensile 
strength with an increase in 
the percentage of plastic 
fibre can be attributed to the 
plastic fibres holding up the 
concrete matrix together and 
increasing the interlocking 
blocks’ resistance to load. 

Analysis of mechanical and durability 
properties of alkali-activated blocks 
using PET flakes and Fly-ash 

2021 Concrete Block • Density: The block’s density 
was found to be decreasing 
with the increase in PET 
content. 

• Compressive strength: The 

compressive strength of 
blocks decreases with an 
increase in the replacement 
of PET flakes. 

• Flexural strength:  The 
flexural strength of blocks 
followed a similar trend as 
compressive strength result. 

• Water absorption: Increase 
in water absorption was 
observed by increased 
replacement by PET flakes. 

[46] 

 
2. Methodology  
 

The raw materials used to produce bricks samples are Ordinary Portland Cement (OPC), river sand, 
and PET plastic bottle. The OPC was manufactured from the Tasek Cement and fulfilled the requirement 
in the MS 522 [47]. River sand with at least 98% passing the 5 mm sieve was used. The water used for 
mixing and curing was the portable water treated by the local utility company with the pH value of 6.5–7, 
which complies with MS 28 [48]. Meanwhile, PET waste was obtained from mineral water bottles 
collected from the surrounding area of Parit Raja.   

The plastic bottle was cut manually into small flakes with approximately a length size of 30 mm before 
undergoing granulating process using a granulator machine.  The size of FET waste was cut at the required 
length to ensure the PET surface is flat as possible since the granulator has a rotating blade that can only 
process any material with a flat surface. The machine can grind the PET waste into smaller sizes, which in 
this study, the size of sieved PET waste granules is less than 5 mm, making it physically similar to the sizes 
of sand. Figure 2 shows the production process of PET granules. The materials and design mix proportion 
of sand cement brick per sample prepared in this study are given in Table 2. The ratio of 1:6 was used as 
the mix design ratio of sand cement brick, and the water-cement ratio is 0.6. The selection of mix ratio for 
the actual design mix shown in Table 2 was based on the trial mix result. The calculation of design mix 
proportion was prepared based on the weight of the brick sample. 
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Fig. 2. The production process for granulated PET waste 

 
    Table 2 
    Design mix proportion of sand cement brick per sample. 

PET waste % Cement (kg) Sand (kg) PET waste (kg) Water (kg) 

Control 0.450 2.250 0.000 0.270 

2.5% 0.444 2.222 0.034 0.266 
5.0% 0.440 2.194 0.067 0.264 
7.5% 0.432 2.161 0.107 0.259 

 
The sample was mixed, cast, and tested according to the procedure stated by BS EN 12390-2 [49] and 

BS EN 206 [50]. The mixing process was performed using mechanical mixing to acquire a uniform mixture. 
The procedure follows that the sand was first placed in the mixer, then the cement was poured into the 
mixer followed by the PET waste, and finally, the dry mixture was gradually added with water. The mixing 
continues for a few minutes to achieve the homogeneous mix. Then, the mix was placed into a steel 
mould. The mix was compacted with 25 strokes of a rod compacter in three layers. The samples were de-
moulded one day after casting at room temperature before the curing process. Next, the samples were 
cured for 7 and 28 days using wet blanket curing, as shown in Figure 3. The manufactured samples then 
underwent a series of tests, including physical, mechanical, and thermal properties 
 

 
Fig. 3. Wet gunny bag curing for 7 days 
and 28 days 
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2.1 Laboratory Experiments 
 
Material testing was conducted to get the properties of the PET waste and sand characteristics used 

in the production of cement sand brick samples. This study involves various laboratory experiments as 
described in the following sub-section.  

 

2.1.1 Sieve analysis 
 

Sieve analysis was conducted to identify the particle size distribution and classify the type of sand. The 
test was conducted following BS 882 [51]. The sieve analysis test was carried out using a mechanical 
vibration machine in Geotechnical Laboratory, UTHM. The sieve size that was used in this study must be 
less than 5 mm.  
 

2.1.2 Specific gravity 
 

Specific gravity is the ratio of the weight of the unit volume of sand to an equal volume of distilled 
water at a stated temperature. The test was conducted on PET waste and sand to determine its 
characteristics. A specific gravity test was conducted according to ASTM C128-15 [52]. 
 
2.1.3 Compressive strength 
 

The compressive strength of bricks is the capacity of bricks to resist or withstand under compression 
when tested on the compressive testing machine. Compressive strength in this study can be defined as 
the capacity of the sample to withstand loads before failure.  The test followed ASTM C67-14 [53] and was 
conducted at the Structural and Material Engineering Laboratory.  
 
2.1.4 Water absorption 
 

A water absorption test was carried out to measure the percentage of water absorbed by the sample. 
The test was followed the ASTM C67-14 [53] standard.  Water absorption is an important factor due to 
the porous structure of the sample capable of absorbing more water through its pore inside the samples.  
 
2.1.5 Thermal conductivity 
 

This test was performed to measure the ability of the materials to conduct heat transfer, which its K-
value presents. This test was based on the ASTMC177-19 [54] Standard test method for steady-state heat 
flux measurement and thermal transmission properties using the guarded-hot-plate apparatus.  
 
3. Results  
 

The results were presented in a table and graphs to assure a fuller explanation. The discussion of the 
result was discussed in the following sub-sections. 
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3.1 Sieve Analysis 
 

The sieve analysis of sand and PET waste was presented in Figure 4. The result obtained showed that 
the sand specimen is within the range limits of the sand particles, upper limit, and lower limit of the 
standard requirement. Thus, it fulfilled the required percentage for each sieve, and the distribution 
revealed that the sand specimen is well graded. 
 

 
Fig. 4. Sieve analysis test for sand and PET 

 
3.2 Specific Gravity 
 

The specific gravity was performed to determine weight-volume relationships. The result of the 
specific gravity is shown in Table 2. 

 
Table 2 
Result of a specific gravity test 
Materials Specific gravity Classification 

PET waste 1.381 Organic 
Sand 2.673 Inorganic 

 
Table 2 shows that the specific gravity for PET waste was lower than sand. The result obtained 

classifies that the sand and PET waste as inorganic and organic, respectively. The low value of the specific 
gravity of PET waste shows that PET waste was lighter than sand and is categorised as organic material. 
The results were aligned with Umasabor and Daniel [55]. The organic matter and porous particles may 
have specific gravity values below 2. 
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3.3 Density 
 

The density result is presented in Figure 5. The result shows that density decreased with increasing of 
PET waste content in the sample. Overall, all sample shows lower values of density compared to the 
control. The lowest density can be seen in the sample with PET 7.5%, i.e., 2,093.24 kg/m3. The control 
sample shows the highest density with 2,265.64kg/m3 at 7 days and 2,258.74 kg/m3 at 28 days. It was 
observed that the density obtained for all the samples achieved the minimum requirements for density 
of normal weight, i.e., more than 2,000 kg/m3 [56] for non-loadbearing brick. The density of samples 
containing PET waste for 7 days and 28 days decreases gradually with increased incorporation of PET 
waste as a partial replacement for sand.  The observed reduction in density of samples is due to the 
replacement of heavier material (sand) with the lightweight material (crushed PET waste). PET was known 
as a material with a low density and lower value of specific gravity, which proved the replacement of sand 
with these materials contributed to the reduction in mass of the brick samples [42]. This study had the 
same pattern as the studies conducted by  Davies and Olofinnade [57], Bijivemula and Noolu [46], 
and  Khalid et al., [41], which revealed that the density decreases with the increase in the PET waste 
content in the sample composition.  

 
 

 
Fig. 5. The density of samples with different PET waste proportions 

 
3.4 Compressive Strength Test 
 

Compressive strength is a very important parameter that is used to meet the engineering requirement 
in construction applications. Based on Figure 6, the results show that the highest compressive strength of 
samples was 4.20 Mpa and 5.10 Mpa at the age of 7 and 28 days, respectively, for PET waste 2.5%. 
Meanwhile, the lowest strength was 2.0 Mpa and 3.1 Mpa at 7 and 28 days for samples PET waste 7.5%. 
According to ASTM C 129-11 [56], the minimum compressive strength non-load bearing masonry unit 
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value is 3.45 MPa. This means that only samples with 2.5% and 5% PET waste meet the requirement at 28 
days. Results show a 9.5 Mpa difference in compressive strength between control brick and 5% PET brick 
at 28 days. The compressive strength of samples is decreased with the increase of PET proportion. 
Therefore, increasing the proportion of PET waste in the mix leads to the compressive strength decreases.  
Shredded plastic has a smooth surface that acts as a water repellant. Thus, it restricts the entrance of 
water in the voids, which is necessary for cement hydration to gain strength. The increase in the 
percentage of PET waste makes the bonds between cement and plastic very weak [58]. The contact 
becomes more irregular, resulting in a wide number of voids responsible for the deterioration of the 
mechanical properties [59], which, therefore, makes the deterioration of the mechanical properties 
[shows the compressive strength decreases. Figure 7 shows the relationship between the percentages of 
PET waste to the compressive strength value of brick. The relationship between the percentage (%) of PET 
waste with the compressive strength of brick produces a non-linear equation y = 17.187e-0.466x with an     
R-square = 0.8989 is close to 1 (one), which means that the relationship between PET waste percentage 
significantly affects its compressive strength [60]. The increasing number of PET waste substitutions 
affects the compressive strength. This study corresponds to previous studies, where PET waste addition 
leads to a reduction of the sample’s compressive strength [41], [42], [46] and [61].  

  
 

 
Fig. 6. The compressive strength of samples with PET waste versus Ages 
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Fig. 7. Relationship of percentages of PET artificial aggregate and compressive strength of 
concrete 

 
3.5 Water Absorption Test 
 

The result of the water absorption test is shown in Figure 8. It can be seen that the water absorption 
increased as the curing time increased gradually from 7 to 28 days. The water absorption of the control 
sample recorded the lowest value with 211.64 kg/m3 at 7 days and increased up to 226.62 kg/m3 at 28 
days. The minimum water absorption values for the samples containing PET waste were at 2.5% PET waste 
for both 7 and 28 days, with 234.12 kg/m3 and 264.08 kg/m3. Meanwhile, the maximum values of water 
absorption for the samples were at 7.5% PET waste with 273.45 kg/m3 and 312.78 kg/m3 at the age of 7 
and 28 days. The requirements set under ASTM C55-17 [62] state that the maximum water absorption is 
208 kg/m3, 240 kg/m3, and 288 kg/m3 for normal-weight brick, medium-weight brick, and lightweight 
brick, respectively.   

Therefore, based on the requirement, most of the respective samples exceeded the requirement’s 
limit. The increase in water absorption was due to the increase in the porosity of the bricks containing PET 
waste. The higher the number and the larger the pores that brick has, the greater the water absorption 
the brick can achieve. This finding was supported by the studies conducted by Khalid [41], where PET 
waste are significantly affected the increased water absorption characteristic of bricks.  

 Although the requirement for water absorption is not achieved (i.e., 294.05 kg/m3 < 208 kg/m3 ASTM 
C55-17) [62], this weakness can be solved by plastering both sides of the brick wall surface. Plastering is 
important to avoid dampness to the wall, especially during the rainy season. However, the porous brick 
indicated by the high-water absorption is essential to achieve thermal insulation enhancement purposes. 
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Fig. 8. The water absorption of samples with PET waste versus Ages 

 
3.6 Thermal Conductivity 
 

Figure 9 shows the thermal conductivity value of samples at the different proportions of PET waste. 
Based on these, it shows that the K-value was between 0.530-0.645 W/mK. The results indicate that the 
thermal conductivity value decreases with an increase in the proportion of waste added into the sample 
mixture. The addition of PET increases the number of voids in the mixture, increasing the porosity in the 
composite. The greater the porosity, the lower the thermal conductivity [42],[64]. According to Idris and 
Yusof [63], the thermal conductivity ranges from 0.51 W/mK to 1.63 W/mK for brick, which proved that 
the result met the requirement. 

Marsiglio et al., [21] stated that the decrease of thermal conductivity is important to enhanced 
insulation capability, where the lower value for PET waste indicates that the material will conduct less 
heat. This finding concludes that PET waste has significant improvement in the thermal properties of 
cement-based materials when recycled plastics are incorporated. The ability of PET waste to improve the 
thermal properties of cement-based material can be attributed to the low thermal conductivity, which 
has been shown from the K-value obtained as indicated in Figure 9. As compared with a similar study in 
cement sand brick production, the result of K-value obtained indicates that the use of PET waste in 0 – 5% 
(maximum) in the brick composition is lower (0.581-0.725 W/mK < 0.714 – 0.744 W/mK) than the used of 
Metakaolin in brick [65]. Reduction of thermal conductivity is good for thermal insulation. The thermal 
conductivity is also dependable on the density and compressive strength, where thermal conductivity 
value decreases as the density and compressive strength decrease due to the effect of a higher proportion 
of PET waste inclusions, which has been discussed in detail in the respective section.   
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Fig. 9. The thermal conductivity of samples with PET at 28 days 

 
4. Conclusions     
 

The thermal properties of building envelope materials have a significant role in determining the 
thermal behaviour of buildings. Therefore, selecting a low thermal conductivity of brick walls is of 
considerable importance in creating low energy consumption buildings that consume less energy to 
maintain comfortable conditions in enclosed spaces. The following conclusions are drawn from the results 
of the experiment 

i. The replacement of PET waste in the brick greatly affects the density of the cement sand brick. The 
density of the brick decreases as the percentage of replacement materials increases. In this study, 
all the samples are achieved the minimum requirement of normal weight (2000kg/m3). The greater 
replacement sand with the PET waste makes the brick lighter. 

ii. As the percentage of PET waste increases, the compressive strength of the brick decreases. It has 
been observed that the substitution of 5% (maximum) of PET waste contributes to a 70.90% 
reduction in brick strength. The bricks have fulfilled the minimum strength requirement for non-
load bearing with a limit of 5% substitution PET waste. 

iii. For water absorption properties, the percentage of water absorption increases as the percentage 
of PET was increases. This is due to the PET waste that has led to increased porosity formation in 
the brick microstructure. All bricks not fulfilled the minimum requirement for water absorption, 
which indicates PET waste brick is porous. 

iv. The utilisation of PET waste provides better thermal insulation in building walls. The thermal 
conductivity value of all bricks decreases with an increase in the proportion of PET waste.  The low 
value of thermal conductivity creates low energy consumption buildings. All bricks meet the 
standard ranges of K-value with optimum 5% substitution PET waste considering the achievement 
of other important parameters (i.e., density, compressive strength, and water absorption). 
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v. This study enhances the thermal conductivity of existing cement sand brick in reducing sand 
consumption, contributes to solving plastic waste problems, and promotes a better 
environmentally-friendly construction industry.   
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