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Abstract. Plastic waste poses a significant environmental challenge due to
its long decomposition time. A promising solution involves converting
plastic waste into construction bricks, including applications for floating
structures. This study explores the feasibility of utilizing high-density
polyethylene mixed with sand to produce sustainable building bricks. A total
of 9 test specimens and 3 control specimens, all made entirely from HDPE,
were prepared. Three investigations were conducted. The first method
combined HDPE with sand in ratios of 70%—-100% HDPE and 0-30% sand.
The highest compressive strength, 51.43 MPa, and shear strength (0.700
MPa) were achieved with more sand content. All rations met the lightweight
criteria and showed minimal weight. The water absorption in HDPE blended
with sand at varying ratios affects the moisture resistance. With 70% HDPE
and 30% sand additive, HDPE-sand absorbed 1.3342% water. Next were
80% HDPE-20% sand 0.5775% and 90% HDPE-10% sand (0.4876%).
absorbed the least water at 100% HDPE, 0.3982%. Ratios enhance water
resistance, making them suitable for moisture-sensitive applications. The
100% HDPE control group has a density of 0.08814 in all combinations,
ranging from 0.0932 with 10% sand, whereas the 80% HDPE-20% sand
density increases to 0.0982. The maximum density is 70% HDPE-30% sand.
Overall, HDPE mixed with sand improved strength and ensured material
stability, making these blends viable for eco-friendly construction.

1 Introduction

Plastic trash has emerged as a major environmental concern worldwide. According to
estimates, more than 300 million tons of plastic are produced annually, and most of it ends
up as waste that pollutes land, waters, and other natural ecosystems, one type of plastic that
is widely used in everyday life and contributes significantly to pollution is High-Density
Polyethylene (HDPE). The durable and difficult-to-decompose nature of HDPE makes it a
serious challenge in solid waste management [1].
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Along with increasing population growth and urbanization, the need for strong, durable,
environmentally friendly, and economical building materials is also increasing [2]. In this
context, the use of plastic waste as a raw material for making construction materials, such as
lightweight bricks, is a promising alternative [3]. This innovation not only helps reduce
plastic waste accumulation but also provides a solution to the limitations of conventional
building materials, supporting the sustainable development agenda. Several studies have
demonstrated that a mixture of HDPE with fine aggregates, such as sand, can produce plastic
bricks with desirable mechanical properties, including high compressive strength and low
water absorption. These characteristics indicate that plastic bricks have the potential to be
used in various construction applications, especially in extreme environments [4].

This study aims to evaluate the effect of variations in the proportion of HDPE plastic
waste and sand mixtures on the physical and mechanical properties of lightweight bricks,
such as density, water absorption, compressive strength, and diagonal shear strength of brick
wall pairs. The results of this study are expected to contribute to the development of
environmentally friendly alternative materials that support efforts to reduce plastic waste
sustainably and promote innovative adaptive building technology. Novelty: This research
indicates that there is very limited existing literature on the aspects the author will study,
specifically the performance of interrelated plastic bricks in enhancing the strength and
effectiveness of floating houses. Researchers aim to investigate lightweight plastic bricks for
use in floating houses, particularly in coastal areas prone to flooding. So that contributes to
this research, namely: 1. Plastic recycling in the field of construction engineering. 2. Making
bricks from plastic waste so it can be used on floating houses. It has high compressive
strength specifications, low water absorption compared to other types of bricks, and is
lightweight, so it can float on water.

2 Research Materials and Methods

2.1 Research Materials

The materials used in this study consist of fine aggregate sourced from the Progo River,
Special Region of Yogyakarta, which has passed through a 4.75 mm sieve. High-Density
Polyethylene (HDPE) plastic waste comes from used oil bottles collected through the waste
charity program. The waste is then shredded into small granules before being used in the
mixture.

Fig. 1. High-Density Polyethylene (HDPE) plastic waste.

2.2 Material Testing

Material testing in this research covers the following aspects: Aggregate specific gravity and
water absorption testing. Specific gravity and water absorption tests were conducted in
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accordance with SNI 1970:2008 for fine aggregates [5]. The parameters measured included

dry bulk specific gravity, surface dry saturated specific gravity (SSD), apparent specific

gravity, and aggregate water absorption value.

a. Fine-grain gradation testing
This test refers to SNI ASTM C136:2012 [6], using sieves number 4, §, 16, 30, 50, 100,
and pan. The sieving process is carried out using a sieve shaker for 15 minutes. The test
results are in the form of fine aggregate gradation distribution and Fine Grain Modulus
(FPM) values.

b. Sludge content testing
The mud content test refers to SNIASTM C117:2012 [7]. The mud content is calculated
by subtracting the aggregate weight after washing from the aggregate weight before
washing. The maximum mud content value allowed is 5% for fine aggregate.

c. Density testing
Plastic density testing, as specified in ASTM D792-08, ensures the suitability of materials
for construction, with results influenced by the type of raw material and processing
conditions [8].

2.3 Mix Design Plastic Bricks

The plastic brick mix design was conducted to determine the optimal ratio of plastic to sand,
based on the results of material testing. This mix design refers to the study Fabrication and
Experimental Analysis of Bricks Using Recycled Plastics and Bitumen [9], with a target
compressive strength of 5-15 MPa. The proportion of sand added to the plastic brick mixture
was set at 10%, 15%, and 20% of the plastic's weight for each test specimen. The mix design
and proportion are shown in Tables 1 and 2.

Table 1. Plastic brick mix design requirements.

Material Amount Unit
Sand 12.48 Kg
Plastic 55.44 Kg

Table 2. Mixing proportions of plastic brick specimens.

Specimen code HDPE (%) Sand (%)
C1 100 -
HS1 90 10
HS2 85 15
HS3 80 20

2.4 Test of Object Manufacturing

The brick specimens were made in the form of blocks measuring 23 cm x 11 cm % 5 cm. The
manufacturing process began by melting the plastic using a heating machine. Mixing of
additional materials was carried out when the plastic reached a melted state to ensure a
homogeneous mixture was achieved. The melted mixture was then poured into an iron mold
and compacted by applying pressure until it hardened [10].

https://doi.org/10.1051/bioconf/202519905006
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Fig. 2. Block bricks.

2.5 Content Weight Testing

The test is carried out by measuring the mass of the test specimen and dividing it by its
volume, thereby obtaining the unit weight value in kg/m?®. The unit weight standard for
lightweight bricks typically ranges from 600 to 800 kg/m? depending on the specific
construction application requirements. This unit weight test is calculated based on SNI
8640:2018 concerning Specifications for Lightweight Bricks for Walls [11].

o 06(BA
BI= X106(V) )
V = length x width % height 2)
BIO = X]06(¥) 3)

Where: BA = Initial weight (grams), BKO = Dry weight of oven (grams), B/ = Nominal
volume weight (kg/m?), V = Test specimen volume (mm?), B/O = Oven dry volume weight
(kg/m?).

2.6 Water Absorption Testing

This test is crucial for evaluating the durability of bricks, as the quality of bricks can be
assessed based on their water absorption rate. The lower the water absorption rate, the better
the quality of the brick. The maximum water absorption limit for solid red bricks used in wall
masonry is 20%. This test refers to SNI 15-2094-2000 concerning Solid Red Bricks for Wall
Masonry [12].

Water absorption = x100% (6) (%) @)
Where: A = Saturated weight of water (grams), B = Dry weight (grams)

2.7 Compressive Strength Testing

The compressive strength test of plastic bricks was carried out after 7 days using a
Compression Concrete Machine. The purpose of this test is to assess the material's ability to
withstand vertical compressive loads. The cube-shaped test specimens were soaked in water
for 24 hours to simulate wet conditions that can affect the strength of the material [13].

2.8 Diagonal Shear Strength Test of Brick Masonry

Diagonal shear strength test is a method to evaluate the shear strength of materials, such as
masonry, to ensure the stability of the structure against lateral forces, such as earthquakes.
Testing is carried out on at least three similar specimens made using the same masonry units,
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mortar, and workmanship methods. The specimens are left for seven days, then stored for 28
days at a temperature of 24 £ 8 °C with a relative humidity of 25% to 75%. In this test, the
dimensions of the specimen are adjusted to the available test equipment, which is 30 cm x
30 cm. The diagonal shear strength test of masonry refers to the ASTM E519/E519M-22
standard [14].

3 Research result

3.1 Fine Aggregate Testing

The results of the aggregate test show that the characteristics of the fine aggregate meet the
requirements as constituent material. Laboratory test data are presented in Table 3.

Table 3. Aggregate test data.

Types of Testing Mark Unit

Fineness Modulus (FMM) 2,289 -
Average Bulk Specific Gravity 1,7768 grams/cm?
Average Face Dry S.aturatlon Specific 2.1786 grams/om?

Gravity

Average Apparent Specific Gravity 2,9706 grams/cm?

Average Water Absorption of Fine 02262 o

Aggregate

3.2 Density Testing

Plastic density testing was carried out based on the ASTM D792-08 standard [15]. The test
results showed that the density value of 0.97 g/cm? met the criteria as a constituent material,
in accordance with the standard range of HDPE plastic density, which is 0.93-0.97 g/cm?®.

3.3 Content Weight Testing

The bulk density test was conducted to determine the density or specific gravity of
lightweight bricks, which affects the durability, strength, and efficiency of materials in
construction. The results of data processing are presented in Table 4.

Table 4. Results of the lightweight brick content weight test.

Test Specimen Code Nommzz:(g/l:rlll;)Welght Test Specimen Code (kg/m?)
0.86 0.86
Cl 0.87 0.85
0.92 0.92
0.92 0.95
HS1 0.95 0.95
0.94 0.94
1.00 1.01
HS2 0.96 0.96
1.01 1.00
1.13 1.13
HS3 1.13 1.07
1.09 1.09
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Table 4 shows that the unit weight increases with the addition of sand, from 0.86-0.92
kg/m? (C1) to 1.13 kg/m? (HS3). This indicates that sand increases the density of the material
and has the potential to increase its compressive strength, although it can reduce thermal
insulation. Therefore, the proportion of sand needs to be adjusted to the construction needs.

3.4 Water Absorption Testing

Water absorption testing on plastic bricks is used to measure the ability of the bricks to absorb
moisture. The maximum allowable water absorption limit is 20% of the brick volume. The
results of data processing are presented in Table 5.

Table 5. Water absorption test data for plastic bricks.

Test Specimen Water Absorption (%)

0.22

Cl 0.20
027

0.26
HSI1 0.26

0.25

0.29
HS2 0.33

0.30

0.37
HS3 0.30

0.39

Table 5 shows that all specimens exhibit very low water absorption, ranging from 0.20%
to 0.39%, which is far below the maximum limit of 20%. The water absorption value tends
to increase along with the increasing proportion of sand in the mixture, from 0.22% in sample
C1 (100% HDPE) to 0.33% in sample HS3 (80% HDPE: 20% sand). However, the water
absorption value still shows that this material is suitable for use in humid environments.

3.5 Compressive Strength Testing

Testing the compressive strength of plastic bricks using a Compression Concrete Machine
after 7 days. The purpose of this test is to assess the material's ability to withstand vertical
compressive loads. The cube-shaped test specimens were soaked in water for 24 hours to
simulate the wet conditions that can affect the material's strength. The results of the concrete
compressive strength test are presented in Table 6 and illustrated in Figure 3.

Figure 3 shows that the highest compressive strength was achieved in a mixture of 80%
HDPE: 20% stand, with a difference of 6.44 MPa higher than the mixture of 85%: 15%. The
decrease in compressive strength occurred in compositions with less sand, due to the
thermoplastic nature of HDPE, which tends to soften and has lower compressive strength
than sand. Uneven distribution of HDPE can also reduce particle cohesion, thus affecting the
overall compressive strength.
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Table 6. Compressive strength test results data.

Test Specimen Compressive Strength Value Average Compressive
P (MPa) Strength (MPa)
26.89
Cl 32.45 30.43
31.95
47.77
HS1 46.66 43.97
37.49
48.94
HS2 48.14 45.20
38.52
49.40
HS3 51.70 51.64
53.84
60,00
] 53,84
1 51,70
1 47,77 48,94 49,40
50,00 46,66 4814
= ]
s ]
< 40,00 + 37,49 38,52
> 4
s ] 32, 45
z ] 31,95
o )l
; 30,00 + 26,89
& ]
2 1
$ 2000 1
Q. -
E -
8 |
10,00 1
0,00 ]
C1100% HPDE HS1 90% HDPE-10% Sand HS2 80% HDPE-20% Sand HS3 70% HDPE-30% Sand

Variation of Test Objects with Sand Mixture

M Test Object 1 Test Object 2 M Test Object 3

Fig. 3. Results of plastic brick compressive strength test.

3.7 Diagonal Shear Strength Test of Brick Masonry

The diagonal shear strength value of the plastic brick wall pair was obtained through diagonal
shear strength testing. This test was conducted using the two-support method, with loading
applied at two points, in accordance with applicable standard procedures. The results of the
diagonal shear strength test of the plastic brick wall pair are presented in Table 7 and Figure
4.
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Table 7. Data from diagonal shear strength tests plastic brick wall pairs.

. Diagonal Shear Strength
Test Specimen (MPa)
Cl 0.16
HS1 0.06
HS2 0.18
HS3 0.16
0,20
0,18
0,18 A
0,16 0.16
« 0,16 -
o
20,14
S
< 0,12 -
>
£ 0,10 A
g
o 0,08 -
b 0,06
= 0,06
[
& 0,04
0’02 _ . .
0,00
Test Object Variation
H C1 100% HDPE M HS1 90% HDPE ;10% Sand
1 HS2 80% HDPE ;20% Sand = HS3 70% HDPE ;30% Sand

Fig. 4. Results of the diagonal shear strength test of plastic brick wall pairs.

Table 7 shows that the composition of 85% HDPE: 15% sand produces the highest shear
strength of 0.18 MPa. The variation of 90%: 10% is lower than 100% HDPE. These results
indicate that the addition of sand to the optimal proportion can increase the shear strength, as
sand enhances the internal cohesion and load distribution within the brick structure.

3.8 Brick Laying Crack Pattern

Crack pattern analysis is crucial for evaluating the mechanical response of masonry to applied
loads. Cracks can occur due to shrinkage, uneven loading, or temperature changes, and
usually develop from microdamage to larger cracks, potentially leading to structural failure.
In diagonal shear strength tests, masonry failure can be classified into four main types. The
shear strength test results for the wall on the plastic brick are presented in Table 8.

Table 8. Results of shear strength tests on plastic brick wall pairs.

Test Object | Mixing Wide Maximum Maximum Shear
Code Ratio Force(kN) Force(N) Strength
(%) (MPa)
HDPE 100:0 3300 20.1 20050 43
Control
BP1 90:10 3300 25.99 25990 5.5
BP2 80:20 3300 27.96 27960 59
BP3 70:30 3300 27.90 27900 59
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The process of determining the collapse pattern is done through visual observation.
Examples of collapse patterns on plastic brick wall pairs are shown in Figures 5 and 6.

Fig. 6. Example of diagonal cracking of HS2 brick masonry.

Visual observation results indicate that most of the plastic bricks experienced horizontal
shear failure, characterized by cracks parallel to horizontal lines in the mortar joints and brick
materials. This failure occurs due to lateral loads that push the bricks to shift horizontally.

4 Conclusion

Based on the experimental results and data analysis from the study combining high-density
polyethylene (HDPE) plastic waste with fine aggregate mixtures, it was found that the
addition of sand generally increases water absorption due to higher material porosity. The
mixture containing 100% HDPE exhibited the lowest water absorption value at 0.23%, while
the 80% HDPE: 20% sand mixture reached 0.31%. Nonetheless, all samples remained far
below the maximum water absorption limit for solid red bricks, which is 20%, indicating that
every composition tested still met the fundamental feasibility standards.

The study also revealed that a higher proportion of sand results in greater compressive
strength. The 100% HDPE mixture produced a compressive strength of 30.46 MPa, whereas
the 80% HDPE: 20% sand mixture achieved the highest strength at 51.64 MPa. All samples
exceeded the minimum compressive strength requirement for solid red bricks, which is 15
MPa, with the 80%: 20% composition demonstrating the best overall performance in terms
of compressive capacity.

In contrast, the addition of sand did not increase shear strength in a linear pattern. The
shear strength of the 100% HDPE mixture was recorded at 0.16 MPa, decreasing to 0.06 MPa
in the 90% HDPE: 10% sand mixture, then rising to 0.18 MPa in the 85% HDPE: 15% sand
mixture, before dropping again to 0.15 MPa in the 80% HDPE: 20% sand composition. These
variations indicate that the 85% HDPE: 15% sand mixture provides the most optimal balance,
yielding the highest shear strength among all the compositions tested.
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