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ABSTRACT

The background of this research is that plastic waste is abundantly available around us and has not
been optimally utilized. Pedestrian which is also the right of pedestrians with disabilities has not
been well organized in Indonesia. The use of plastic waste materials is an alternative to solving
environmental problems. The utilization of plastic as a substitute for cement will also reduce the
carbon effect of cement as a building material. With its light weight when compared to disabled
terrazzo tiles on the market, it is hoped that it can facilitate the application of smart pedestrian blocks
as pedestrian paths and disabilities. The purpose of this research is the utilization of plastic waste as
used as composite thermoplastic waste brick as well as an alternative eco-friendly material. The
experimental method used normal paving, 45% plastic waste, 55% plastic waste, and 65% plastic
waste. The test results show that the average compressive strength for paving with 45% plastic waste
has a compressive strength of 9.16 MPa higher than normal paving which is only 8.56 MPa. This
shows that the use of 45% plastic waste as an effective substitute for cement in paving is also an
environmentally friendly solution. In addition to reducing plastic waste, it also reduces the need for
cement.
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INTRODUCTION

Pedestrian rights have been included in Government Regulation number 34 of 2026, in article 34
paragraph (4) which states the right of sidewalks for pedestrians. The existence of the GR [1] also
implies the obligation to provide pedestrians. The current pedestrian path is currently a small part
equipped with a disability path. [2] Syifa et al 2019, stated that concrete block paving is a cost-
effective road construction method suitable for roads with medium to low traffic (pedestrians), The
paving technique is still being developed in accordance with the utilization of environmentally
friendly materials.
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Figure 1. Grouping of plastic types [8]

Concrete paving is a pavement used to build pedestrian walkways, pedestrians, parking areas, and
floors for sports activities [3-5]. Paving blocks are generally manufactured from cement, coarse
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aggregate, fine aggregate or sand, and water in sizes of 100 mm x 100 mm x 200 mm [2,5]. Due to
its high strength, long-term performance, economical use, ease of maintenance, and aesthetic
appearance, a growing demand for its use for lightweight pavement purposes has emerged [3,5-7].
The types of plastics in circulation today consist of 7 groups as shown in Figure 1.

Waste Composition in Indonesia
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Figure 2. Plastic waste in Indonesia [9]

Based on Figure 2, sourced from BPS data, the amount of plastic consumption and the amount of
plastic waste produced in Indonesia is quite high. Plastic waste production in Indonesia reaches 14%
of the total daily stock or equivalent to 85,000 tons per year. 3.2 million tons of plastic waste is
dumped into the sea. According to the World Economic Forum [10], 16% of plastic waste is
recycled, but only 2% of plastic waste can be effectively recycled.

In addition, 14% of plastic waste is incinerated, 4% is landfilled in landfills (EDS)/ temporary
disposal sites (TDS), and 32% pollutes the environment and disrupts the ecosystem. Different types
of waste present different toxicities. Based on various studies as depicted in Figure 3, the most toxic
type of plastic waste is PVC, followed by PET plastic.

PV.

Toxicity Increase

Figure 3. Toxicity levels of plastics [8]

Other researchers have utilized HDPE plastic waste as a mixture of Asphalt AC-WC [12] and
concluded that HDPE plastic waste can be used as a material to reduce the use of asphalt. It was
concluded that HDPE plastic bag waste can be used as an alternative to bitumen substitutes that meet
the requirements of Bina Marga 2018 Revised Edition 2 and can be an alternative in waste
management [12].
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Some of the utilization of plastic as other building materials include facade components [13] which
of course can also be an alternative to reducing plastic waste or as a component of structural material
[14]. Utilization of plastic waste in concrete mixtures can increase the compressive strength of
concrete as a building material [14].

Figure 4. Plastic Paving from plastic bottle cap waste (HDPE)

The background of this research is that plastic waste is abundantly available around us and has not
been optimally utilized. Pedestrian which is also the right of pedestrians with disabilities has not
been well organized in Indonesia. The use of plastic waste materials is an alternative to solving
environmental problems. The utilization of plastic as a substitute for cement will also reduce the
carbon effect of cement as a building material. With its light weight when compared to disabled
terrazzo tiles on the market, it is hoped that it can facilitate the application of smart pedestrian blocks
as pedestrian paths and disabilities.

The purpose of this research is the utilization of plastic waste as used as composite thermoplastic
waste brick as well as an alternative eco-friendly material.

Concrete production in construction follows a systematic process to ensure strength, durability, and
workability. The first stage is material selection. Concrete is composed of cement, fine aggregate
(sand), coarse aggregate (gravel or crushed stone), and water. The quality of each material is crucial
because it directly affects the performance of the final product [15]. Clean water and well-graded
aggregates free from organic impurities are essential for optimal bonding and strength development
[16], [17]. The second stage is mix design. Engineers determine the correct proportion of cement,
aggregates, and water based on the required compressive strength, durability, and exposure
conditions. The water-cement ratio is particularly important; too much water reduces strength, while
too little makes the mix difficult to place. Standard mix designs may follow national codes or project
specifications [18].

RESEARCH METHODS

The methodology in this research is by mixing at hot temperatures a mixture of chopped plastic with
sand as a smart pavement material and then molding/molding the pavement. The molding process
is also carried out with a press / pressing process so that the resulting product has a uniform shape
and strength at each manufacturing period. Then the product is removed from the mold for the testing
stage. The research was conducted at the Civil Engineering Laboratory of Universitas Veteran
Bangun Nusantara Sukoharjo.

The tools used during this research are very diverse and are designed to support each stage of the
paving block making process. The tools used during this research include a 9.5 mm to 0.074 mm
sieve, cup, spoon, rectangular mold with dimensions of 20 cm x 10 cm % 6 cm, scissors, scales, 1000
ml measuring cup, measuring flask, thermometer or thermal gun, pan, stove, oven, and digital
compression machine.

The problem-solving approach taken is to utilize plastic waste available in the community so that it
becomes a smart and environmentally friendly product that has economic value that is beneficial to
the community later.

RESULT AND DISCUSSION
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The selection and inspection of used plastic must be clean from dirt and then chopped manually
using scissors. As for sand, the cleaning process involves several important steps. First, the sand is
washed to remove impurities. Next, screening is done to separate unwanted particles. After that, the
sand will go through a sieving process so that only clean sand remains. Finally, the sand needs to be
dried until it reaches the right moisture content. This drying process can be done naturally with
sunlight, making it more efficient and environmentally friendly.

Mix design

Mix design is done to produce the right proportion in making paving blocks. The composition of
materials in the manufacture of normal paving blocks is 1 cement: 4 sand. While the innovation
paving block uses plastic shreds of 45%, 55%, and 65% with each variation made 5 samples.The
first step in mix design is to determine the weight of each material used. This calculation is very
important because the volume of the mold will affect the amount of material needed. The calculation
of the specific gravity of paving blocks is an important parameter as it can vary depending on the
material composition used. Once the weight of the test specimen is obtained, the next step is to
divide the total weight between the three main components, namely sand, cement and PET plastic.

Plastic melting

The process of melting plastic is done by burning pieces of plastic that have been mixed with sand
on a pan that has been prepared. The pan containing the plastic and sand is then placed on a furnace
that has been lit, with firewood as fuel. The melting process lasts for approximately 30-40 minutes
at a temperature between 180°C and 240°C, or until the plastic turns into liquid form completely.

During the plasticizing process, careful stirring is done to ensure that the mixture is well mixed and
that there are no lumps of sand. Stirring continues until the temperature of the melted plastic
decreases slightly by reducing the burning wood, resulting in a homogeneous mixture ready for use.

-

Figure 5. Mixing procedure

The well-mixed plastic and sand dough is then poured into the manual mold one by one. This manual
mold is made of metal and then filled with dough manually by pouring and pressed by pressing it.
After the mold is fully filled, the manual mold containing the dough is left for a few minutes so that
the dough can solidify. Then, the mold is turned over and the paving block is carefully removed.
Next, the paving blocks that have been molded manually are soaked in water for about 15 minutes.
The aim is to reduce the temperature of the paving block due to the molding process. After soaking,
the paving blocks are removed from the water and placed to dry and harden naturally. This drying
process is very important, as it allows the water in the paving block to gradually evaporate, thus
increasing the strength and durability of the material. This drying process can take several days,
depending on the environmental conditions, such as temperature, humidity, and air circulation
around the paving blocks.
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Figure 6. Drying process

Compressive strength testing

Compressive strength testing on paving blocks is carried out to determine the compressive strength
value of the material. The results of this test are important to ensure that the paving block meets the
specified strength standards. The compressive strength test of paving blocks in Indonesia refers to
SNI 03-0691-1996 concerning Concrete Bricks (Paving Blocks).

The compressive strength of a paving block is the unit area load, which causes the paving block test
specimen to be destroyed when loaded with a certain compressive force produced by a press
machine. One of the quality characteristics that paving blocks must have is compressive strength.
The quality of paving blocks is getting better if it has a high compressive strength.

This test is conducted to determine the compressive strength of the paving block test specimen.
Testing the compressive strength of paving blocks using a Compression Test Machine tool.
Compressive strength testing is stopped after the dial on the compression test tool reading stops.

Table 1. Compressive strength results

Plastic compressive Compressive
content Code length width Ixw force strength
(%) mm mm mm?2 N MPa Average

N1 196,6 96,5 18971,9 158000 8,33
N2 1962 96,7 18972,54 178000 9,38

0 N3 1962 96,6 18952,92 200000 10,55 8,56
N4 1962 96,5 189333 108000 5,70
N5 196,2 91 17854,2 158000 8,85
pl 195,5 91 17790,5 189000 10,62
p2 196,5 99 194535 176000 9,05

45 p3 193 90 17370 166000 9,56 9,16
p4 198 90 17820 152000 8,53
pS 191 91 17381 140000 8,05
pl 192,2 94,8 18220,56 145000 7,96
p2 192,2 95,1 18278,22 151000 8,26

55 p3 192,8 94,8 18277,44 139000 7,61 7,68
p4 192,2 95 18259 134000 7,34
p5 192,8 95,1 18335,28 133000 7,25
pl 192,2 94,8 18220,56 128000 7,03

65 p2 193 94,7 18277,1 134000 7,33 8.58
p3 193,6 94,9 18372,64 126000 6,86
p4 193 94,7 18277,1 126000 6,89
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p5 192,7 94,5 18210,15 269000 14,77

Based on the table of compressive strength test results, a comparison chart between normal and
innovative paving is made. From this graph, it can then be analyzed the quality of paving from
innovations with plastic waste. The results show that almost all paving innovations are better than
normal paving. Only paving with 55% plastic waste has a lower compressive strength value than

normal paving.
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Figure 7. Compressive strength test results

CONCLUSION

Based on the results of compressive strength testing on normal and innovative paving blocks, it is
concluded that the average compressive strength for nomal paving blocks is 8.558 MPa while the
highest innovation paving is at 45% plastic waste with a compressive strength of 9.16 MPa. This
shows that the use of plastic waste at 45% is effective on compressive strength. The use of plastic
as a substitute for cement in paving is also an environmentally friendly solution. In addition to
reducing plastic waste, it also reduces the need for cement.
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