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Abstract: Coal is one of the fossil fuels that is still widely used in Indonesia as an alternative to petroleum.
The use of coal as a fuel for power plants produces waste, one of which is bottom ash. Bottom ash is waste
that comes from the remaining coal combustion that is in the combustion furnace at the bottom. The negative
impact of bottom ash is that it can pollute the environment and health problems because bottom ash contains
heavy metals. Concrete bricks (Paving Block) is a type of non-structural concrete that can be used for roads,
parking lots, sidewalks, parks and other purposes. Paving blocks are made from a mixture of Portland
cement type I and water and aggregate as fillers. Paving blocks can be colored like the original color or
given dyes in the composition and used for flooring both inside and outside the building. Paving blocks are
starting to be germinated because they have several advantages, in addition to being easy to manufacture
and install, paving blocks have a unique aesthetic value if designed with beautiful patterns and colors, a
lower price comparison compared to other types of conventional pavement and can be produced manually,
so that the demand for cement for raw materials used in the manufacture of paving blocks will increase. The
use of bottom ash has been widely used as a paving block, but bottom ash can reduce the physical quality
of paving blocks. Therefore, this study aims to determine the physical characteristics of paving blocks.
Based on the results of the research that has been carried out, bottom ash can reduce the compressive strength
of paving blocks, namely PB0 22.4 Mpa, PB1 21.0 Mpa, PB2 9.2 Mpa.
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1. Introduction

Coal is one of the fossil fuels that is currently very widely used in Indonesia. Indonesia uses coal fuel
as an alternative to petroleum because coal production in Indonesia is very abundant (Ghozali, 2018;
Stanford, 2013). Coal production in Indonesia is estimated to reach 38.9 billion tons spread throughout
Indonesia. South Sumatra and East Kalimantan are the provinces that currently have the largest coal
resources. One of the uses of coal that is widely used in Indonesia is as an energy source for Steam Power
Plants (PLTU) (Mekkadinah et al., 2020). The waste produced from the use of coal as fuel is fly ash and
bottom ash (Duc et al., 2020). Ash waste from coal combustion residues has become a concerning problem
(Minh et al., 2023), which can pollute the environment and health if not managed, therefore it is necessary
to manage and/or utilize the waste (Ghozali, 2018; Prayoga & Afia, 2023).

In several coal-fired power plants in Indonesia, there is a lot of fly ash bottom ash (FABA) waste that
is managed by stockpiling it on vacant land. Over time, the FABA pile will increase and have the potential
to pollute the surrounding environment (Bao et al., 2019). There needs to be one action to reduce the FABA
pile in order to minimize the occurrence of environmental pollution caused by the waste pile (Ghozali,
2018). Research on coal ash from coal-fired power plants has been carried out in various regions (Herman
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et al., 2016). Several researchers have conducted research by utilizing FABA waste as one of the mixtures
for construction materials (Triana, 2023), including as a mixed material from the manufacture of light bricks,
concrete bricks and paving blocks (Zaid & Gunal, 2023). In this study, an experiment will be carried out to
make paving blocks with a mixture of bottom ash waste and also Calcium Oxide (CaO) (Sartika et al., 2025;
Wei et al., 2023).

Bottom ash is waste that comes from the remaining coal combustion in the combustion furnace at the
bottom (Abdullah et al., 2019). The size of bottom ash is generally larger than fly ash, so that bottom ash
falls to the bottom of the coal-burning furnace at coal-fired power plants (Fathonah et al., 2022). The
handling of bottom ash waste is generally carried out by stockpiling it on vacant land and if the use of coal
in coal-fired power plants increases, the land needed to hoard bottom ash waste will be larger (Qomaruddin
& Sudarno, 2017). The negative impact of bottom ash waste accumulation is that the metals in coal ash can
be extracted and carried into the waters when it rains and coal ash can be blown by the wind so that it can
cause respiratory problems if inhaled. Bottom ash has silica (SiO2) content and oxide content which is the
basic mineral in the manufacture of cement mixtures (Ristinah et al., 2012).

Paving blocks are currently widely used in certain places, including sidewalks, parking lots, streets
around the neighborhood, open areas, industrial areas, in ports and airports. The quality of paving blocks
will be better if they have a higher compressive strength. The quality of paving blocks is influenced by the
materials used in their manufacture, therefore this study aims to find out the comparison between
conventional paving blocks and paving blocks with a mixture of bottom ash

2. Materials and Methods
2.1. Data Analysis

The data analysis used in this study is using quantitative methods. The data obtained after laboratory
tests are described by a description method with tables, graphs and narratives that explain the condition of
all parameters used in this study.

2.2. Data Collection

The data was taken from previous research that had been conducted. The data taken include
e Composition of the mixture used
e Exterior view of paving block
e Compressive strength test results of paving block

3. Results

The results of the research that has been carried out by comparing the results of the conventional
concrete compressive strength test with the results of the bottom ash mixed paving block compressive
strength test are as follows:

3.1. Composition of Paving Block Mixture
The composition of the paving block mixture used in this study can be seen in the following table

Table 1. Composition of the mixture used

Paving Block Cement (kg) Sand (kg) Calcium Oxide Bottom Ash (kg) Water (S)

(kg) (Ca0) (kg)
PBO0 (0%) 1 2,730 0,270 0 0,200
PB1 (10%) 1 1,638 0,270 0,273 0,200
PB2 (20%) 1 1,638 0,270 0,546 0,200

3.2. Exterior View Result of Paving Block

According to SNI 03-0691-1996 concerning Concrete Bricks (Paving Blocks) one of the quality
requirements of paving blocks is that concrete bricks must have a flat surface, there are no cracks and
defects, the corners and ribs are not easy to be tidied with the strength of the fingers. The analysis of the
appearance properties of paving blocks is carried out by observing the physical shape of each paving block
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made. Based on the results of the appearance of the properties test on each paving block, it can be seen that
there are paving blocks that meet and do not meet SNI 03-0691-1996 regarding concrete bricks (Paving
Blocks).

Paving Block with code PBO produces paving blocks with visible properties, has an unblemished
surface area and has a high density as well as a smooth surface and the elbow ribs against each other are not
easy to tidy up with the strength of the fingers. Paving blocks with the code PB1 produce the appearance of
a surface area that is not defective and smooth and has a high density of the elbow ribs against each other,
is not easy to tidy up with the strength of the fingers, and black grains appear which are bottom ash. The
black details seen in PB 1 are due to the addition of bottom ash material by 10%. PB2 has a visible property
that the surface plane is not deformed and has a fairly high density and a fairly smooth surface. The ribs of
the elbows against each other are not easy to tidy up with the strength of the fingers, and there are black
grains that are the bottom ash. In PB2 the addition of bottom ash was as much as 20% so that in PB2 there
were more black grains than in PB1.

3.2. Compressive Strength Test Results of Paving Block

Compressive strength is a mandatory requirement that must be met and also to determine the quality of
the paving block. Based on SNI 03-0691-1996, there are four qualities of paving blocks that are
differentiated based on their designation. In the compressive strength test, the tool used is a hydroulic pump
with a maximum pressure of 10,000 psi/ 700 bar. Based on SNI 03-0691-1996, the procedure for measuring
the compressive strength value of paving blocks is by dividing the maximum load of the paving block until
the paving block is destroyed, with the area of the compressed surface area. The compressive strength value
of the paving block can be expressed in terms of MPa. The results of the compressive strength test of each
paving block can be seen in the following table.

Table 2. Compressive Strength Test Results of Paving Block

Paving  Bottom Ash Test Compressive Compressive ~ Minimum Standard Mutu
]élogk Concentration Sample Strength Strength of and Maximum Paving
ode Addition (%) Paving Block  Average Paving Compressive Block
(MPa) Block (MPa) Strength (MPa)
PBO 0% 1 224 22,4 17-20 B
2 22,3
3 22,6
PBI1 10% 1 20,7 21,0 17-20 B
2 21,7
3 20,5
PB2 20% 1 9,1 9,2 8,5-10 D
2 9,2
3 9,5

The results obtained various compressive strength values in the compressive strength test for each
paving block. Of the 3 samples of bottom ash variations, they are still included in the quality of paving
blocks in accordance with SNI 03-0691-1996. Paving blocks PB0 without the addition of bottom ash are
included in paving blocks of C quality with a minimum value of 12.5 MPa. PB1 with the addition of 10%
bottom ash is included in the paving block quality B with a minimum quality standard value of 17 MPa and
PB2 with the addition of bottom ash as much as 20% is included in the paving block quality D with a
standard value of at least 8.5 MPa. The graph of the results of the compressive strength test of paving blocks
can be seen in the following image.
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Figure 1. Compressive Strength Test Results Chart of Paving Block

In the paving block study with the addition of bottom ash as a partially aggregated material, the PB1
variable is included in the standard of paving block quality B with a minimum value of 17 MPa which is
intended for parking equipment. The PB2 variable is included in the standard paving block quality D with
a minimum value of 8.5 MPa which is intended for parks and other uses. In this study, it can be seen that
the compressive strength value will decrease further influenced by the number of bottom ash additions, the
more bottom ash is added, then the compressive strength value of the paving block will also decrease.

4. Discussion

The bottom ash added to the paving block mixture can affect the physical quality of the paving block.
Adding bottom ash can reduce the physical quality of paving blocks, due to the poor properties and size of
bottom ash when mixed in the paving block mixture. The heavy metal content in the bottom ash also affects
the physical quality of the paving block. The effect of adding bottom ash waste on the physical quality of
paving blocks can be seen in the following table

Table 3. Effect of Adding Bottom ash on the Physical Quality of Paving Blocks

Physical Quality SNI 03-0691-1996**
Paving  Concentration Average Average Water Mutu Paving Block
Block  of Bottom Ash Compressive Absorption of Paving Allocation
Code Addition Strength of Paving Paving Block Block
Block (Mpa) (%)

PBO 0 22,4 4,68 B Parking

PBI 10 21,0 5,96 B Parking

PB2 20 9,2 9,35 D Taman

Based on the table above, paving blocks with the code PBO0 are the best paving blocks as a control.
Paving blocks show the results of physical quality, namely having a compressive strength of 22.4 Mpa and
water absorption of 4.68%. Paving blocks with the code PBO are included in the paving block with quality
B. Paving blocks with quality B based on SNI 03-0691-1996 are intended as parking equipment.

Paving blocks with the code PB1 are added to bottom ash as much as 10% of the total weight of the
aggregate. The physical quality produced when 10% bottom ash was added resulted in a paving block having
a compressive strength of 21.0 Mpa and water absorption of 5.96%. Paving blocks with the code PB1 are
also included in paving blocks with B quality based on SNI 03-0691-1996. Paving Block PB1 can be used
for parking equipment based on SNI-03-0691-1996.

Paving blocks with the code PB2 are additional, adding 20% of the total weight of the aggregate. The
physical quality produced when 20% bottom ash is added is that it has a compressive strength of 9.2 Mpa
and water absorption of 9.35%. Based on SNI 03-0691-1996, PB2 paving blocks are included in paving
blocks with C quality that can be used as pedestrians.

Based on the description above, it can be concluded that the physical quality produced in each paving
block has different physical qualities. The physical quality of paving blocks has decreased along with the
increase in the number of bottom ash additions. Despite the deterioration in the physical quality of paving
blocks, there are still paving blocks that meet the standards based on SNI 03-0691-1996. Paving blocks that
meet the requirements in accordance with SNI 03-0691-1996 are PBO, PB1 and PB2.
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The bottom ash waste produced from the remaining combustion of coal-fired power plants can be used
as one of the mixed materials for the manufacture of paving blocks by the stabilization/solidification method,
but must pay attention to the amount of bottom ash added and consider the materials used in the manufacture
of paving blocks so that the resulting paving blocks meet the quality standards of paving blocks based on
SNI 03-069-1996.

Based on the results of the research that has been conducted, the optimal composition or the best to use
to make paving blocks is in paving blocks with the code PB2. PB2 meets the quality requirements of paving
blocks with C quality used for pedestrians with a compressive strength value of 9.2 Mpa and water
absorption of 9.35%. Thus, the business of utilizing bottom ash waste produced from the remaining
combustion at the coal-fired power plant can be used as a substitute for some aggregate for making paving
blocks. Bottom ash is suitable for use in paving block mixtures based on a review of physical quality aspects
based on SNI 03-0691-1996 including in quality C used for pedestrians.

5. Conclusions

The effect of the addition of bottom ash waste as a substitute for some aggregate is on the compressive
strength decreases and on water absorption increases. The compressive strength produced is PB0 22.4 Mpa,
PB1 21.0 Mpa, PB2 9.2 Mpa, PB3 7.4 Mpa, and PB4 2.4 Mpa. Meanwhile, water absorption in paving
blocks increased, namely PB0 4.68%, PB1 5.96%, PB2 9.35%. This is due to the larger particle size of the
bottom ash waste so that it can form large pores. In addition, the bottom ash waste content of Silica (Si02)
and Calcium Oxide (CaO) tends to be slightly so that the pozzolan reaction that occurs is not optimal.
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