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Abstract: Cement brick is a type of material used in construction work and uses
sand as part of its composition. Demand for the use of sand in the construction
industry is increasing every year and this can lead to a reduction in natural
materials. Meanwhile, ceramic waste has been used as a recycling material in Ayer
Hitam, Johor and this can be channeled as a partial substitute of fine aggregates
material for future use of sand in the construction industry. This research was
conducted to investigate the strength characteristics of existing cement bricks
containing ceramic waste as the partial substitute for fine aggregate. The total
replacement percentage of 0%, 5%, 10% and 15% of ceramic waste in a ratio of 1:9
were classified to produce 24 samples of bricks. The tests carried out on the cement
brick samples were density tests, water absorption tests and compression strength
tests. As a result, the cement brick sample containing 10% ceramic waste had met
the standards set out in BS 3921 for the water absorption test and BS 5628 for the
compression strength test. The results of the density test showed that the higher the
percentage of ceramic waste added to the mix, the density and the weight of the
cement bricks decreased. Therefore, cement brick with the substitution of ceramic
waste has the potential to become one of the building materials in the construction
industry and this helps to reduce total dependence on the sand as a mixture in the
cement brick.
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1. Introduction

Brick is a well-known building material used in many countries all over the world. In Malaysia,
the demand for brick as the housing construction materials is increasing in the rapidly increased
population urban area [1]. The use of bricks covers every structure in the building to be erected. In the
field of construction, the most commonly used types of bricks are clay and cement bricks. Cement
bricks are usually not used as walls in buildings compared to clay bricks due to their lack of strength
to bear the load of the building. However, despite this shortage, it is still very popular among
contractors in housing construction in Malaysia because of its low price and easy to produce [2].

Recently, many studies focus on the use of waste material in the production of cement brick. The
production of cement bricks from recycling materials can reduce the total dependence on the use of
sand as a mixture in the cement brick. For example, Sheikh Khalid et al. [2] in their research had
explored the waste replacement material of sand aggregate for sand cement brick by using the
application of recycled concrete aggregate (RCA) acted fine aggregate. On top of that, Ismail and
Yaacob [3] also had done studies about recycled aggregates to replace natural aggregates in the
production of cement and sand bricks. Therefore, this research was conducted to produce cement
bricks made from ceramic waste mixtures as a substitution of the fine aggregate material to reduce
industrial waste. In addition, replacing this material in a cement brick mixture can help to reduce
construction costs and prevent the occurrence of uncontrolled waste disposal [4]. From previous
studies, Carmeane et al. [5] stated that ceramic waste chemical composition consist of various
elements that are very complex materials is shown in table 1. These complex chemical compositions
have made ceramic materials to have higher high-temperature strength, higher hardness, lower
density, and lower thermal conductivity than metals [6,7]. This research also developed the concept of
sustainable construction using recycled materials [2,8,9,10] with the primary aim of reducing the
amount of energy required and thus reducing the adverse effects of the atmosphere [11].

Table 1: Chemical composition of ceramic waste [5]

Type of chemical composition Percentage (%)
Sio, 63.36
Al,05 18.20
Fe203 2.77
Cao 1.74
Na,O 0.34
K20 3.87
MnO 0.02
TiO; 0.80
MgO 2.04
P20s 0.05
PF 6.8

2. Materials and Methods
2.1 Materials

The materials used to make cement bricks are portland cement, sand and water. The ceramic
waste used in this study worked as a substitute for the sand part in the production of cement bricks.
This ceramic waste was collected from the ceramic manufacturing industry located in Ayer Hitam,
Johor. Figure 1 shows a flow chart of the Ceramic Waste Bricks (CWB) manufacturing process.
Ceramic waste must be cleaned and dried before being crushed by a grinding machine. Then, the
measurement process was performed to obtain sand size from 150 pm to 5 mm. The materials were
mixed in the brick mix at an optimum ratio of 1:9 which was 1 part representing the cement and 9
parts representing the sand [12]. The materials were mixed and placed into mould size 205 mm X
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102.5 mm x 65 mm in accordance with BS 6073 [13] and allowed to harden gradually for 7 days and
28 days according to the standards set out in BS 1881 [14]. Table 2 shows the design of mixtures used
to produce cement bricks with ceramic waste mixtures as sand.

Curing process

s

Sizing process Sample preparation

Figure 1 : Flow chart of fabricating process of CWB
2.2 Methods

This study used a 5%, 10%, and 15% percentage of the weight of the ceramic waste as a substitute
for the sand. The same method was done by Sheikh Khalid et al. [1]. They have made a comparison
for the result of the control specimen using 100% natural sand to the recycled concrete aggregate
replacement by weight for 55%, 65%, and 75%. The result had shown that the portion of 55%
provided the highest compressive and flexural strength compared to other percentage and control
specimen..

BS 6073 is the design method used for the brick design [13]. Once the brick samples had passed 7
and 28 days, laboratory tests would be conducted on the sample. The brick sample was tested for
Density Test by measuring the length, width and thickness of the brick using a measuring tape. Once
measured, the bricks that had been dried in the oven for 24 hours would be weighted using a
weighting tool. The next test was the Water Absorption Test where it was done to determine the
amount of water that could be absorbed by each brick unit after being immersed in 3 mm water for 1
minute. The absorption rate test was performed to obtain the ability to determine the bonding
properties of the mortar and the brick units in the absorption range between 0.25-2.0 kg/min/m?
according to standard BS 3921 [15]. The final test performed was a Compression Strength Test in
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which the cement brick produced was designed to exceed 7 N/mm? for its compressive strength to
meet the load imposed according to the BS 5628 [9]. The compressive strength of the material
determines its load-carrying capacity before failure. British Standards Institution states that the
compressive strength of bricks should not be less than 7 N/mm?. The test had been carried out for the
sample periods of 7 and 28 days.

Table 2: Design of ceramic waste bricks mix according to 2 kg of cement

Samples Cement (kg) Sand (kg) Ceramic Waste, CW
(kg)
CW 0% 2 18 -
CW 5% 2 12.6 5.4
CW 10% 2 7.2 10.8
CW 15% 2 1.8 16.2
3.0 Results and Discussion i

The results of laboratory tests conducted on the use of ceramic waste as a sand substitute in
cement bricks were analyzed using Microsoft Excel. This data analysis was done to find out the
effectiveness of the substitute materials used in achieving the objectives stated at the beginning of the
study.

3.1 Density Test

The weight of a brick unit is closely related to the amount of ceramic waste replacement in the
mixture. Figure 2 shows the relationship between brick sample weight to ceramic waste percentage.
From the graph, it was clear that the higher the percentage of ceramic waste mixed in the mixture, the
less the unit of cement brick. Therefore, according to Ismail and Yaacob [3], subsequent weight loss
would cause the density of the brick to decrease.
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Figure 2: Relationship between brick sample weight to ceramic waste percentage

The batch of specimens was divided into 4 parts which contained 0%, 5%, 10% and 15% of
ceramic waste. The density of the specimens was calculated by dividing the weight with the volume
of the specimens. Figure 3 shows the relationship between density and percentage of ceramic waste.
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Figure 3: Relationship between density and percentage of ceramic waste

The density test concluded that the highest brick sample density values for the control sample
were 1661.51 kg/m? for 7 days of curing and 1620.28 kg/m® for 28 days of curing. A similar finding
had been recorded for the density control sample of 1631 kg/m® in producing concrete lightweight
with waste clay brick as a coarse aggregate [16]. The reduction of the brick density continued
decreasing due to its characteristic which was low in density [6], while the percentage of replacement
materials had been increased [1]. The density of the ceramic waste samples tested were decreasing for
cement bricks containing 5%, 10% and 15% of ceramic waste and could be categorized as lightweight
brick as the densities were less than 1600 kg/m? [17].

3.2 Water Absorption Test

Based on the graph in Figure 4, it shows the value of the initial absorption of water during the 7
and 28 days of curing had increased in the brick samples containing 0%, 5% and 10% ceramic waste,
while the brick sample containing 15% ceramic waste had recorded a decrease in water absorption
rate. According to Sheikh Khalid et al. [2], the water absorption characteristic of sand cement bricks
containing recycled fine aggregate increased the water absorption characteristic of bricks. According
to Zimbili et al. [18], the ceramic bricks aggregates proved to be having high water absorption. Same
with Mohamad Ibrahim et al. [16], with the increment of the percentage of waste applied in each
mixture, the total voids distributed in the sample would be increased. This would result in a higher
water absorption capacity since samples were capable to absorb more water when more voids were
distributed.

. On top of that, according to Mohd Yassin et al. [1], the percentage of water absorption of the
brick had been decreased as the percentage of EPS increased. This was due to the non-absorbent
characteristic of EPS. It could be concluded that the reduction of water absorption with the 15%
increment of ceramic waste was due to the non-absorbent characteristic of ceramic. However, the
decreased in the absorption rate for brick samples of ceramic waste within 7 and 28 days of curing
was still within the allowable standard of BS 3921 [15] between the absorption range 0.25-2.0
kg/min/m?,
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Figure 4: The initial absorption rate of the brick sample is proportional to the percentage of
ceramic waste

3.3 Compression Test

Figure 5 shows the graph of the compression strength of the brick samples according to the
percentage of ceramic waste. Based on the test result, there were an increment in 5% and 10%
replacement. According to Sheikh Khalid et al. [2], it confirmed that brick with 5% and 10%
replacement of the ceramic waste had good interlocking, well-graduation, and more homogeneous.
The brick sample containing 5% ceramic waste increased from 8.1 N/mm? at 7days to 12.3 N/mm? at
28 days. While the brick sample containing 10% ceramic waste had recorded the highest percentage
of their compressive strength for 7 days from 7.8 N/mm? and the number had increased to 13.2
N/mm? at 28 days. This had influenced the strength wherewith rough and the unequal surface had
produced the high adhesion between the particle and cement matrix [2].Therefore, the compression
strength values of 5% and 10% for both curing periods indicated exceeded the standard BS 5628 [9]
which was 7 N/mm?.

However, for a brick sample containing 15% ceramic waste, it showed a decreased in
compressive strength for 7 days and 28 days. This was because according to [18], ceramic tile
aggregate was having a rough surface on one side and smooth on another side, which was lighter in
weight than normal aggregates. The surface texture of the ceramic waste aggregate was found
smoother than the crushed stone aggregate [10]. That gave a decreasing result when more percentage
of ceramic waste was added into the mix. Therefore, cement bricks containing 10% ceramic waste
were selected as the optimum value of the ceramic waste to replace the sand in the mix.
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Figure 5: Compressive strength of the samples according to the percentage of ceramic waste for 7
and 28 days of curing
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3.4 The Relationships between the Density, Water Absorption Rate and Compressive Strength

After analyzing all the test results from the three tests performed on the control brick sample and
the brick sample containing the percentage of ceramic waste, it was found that the results were

interrelated with each other according to the percentage of ceramic waste mixed in the contents of the
brick sample.

3.4.1 Relationship between Compressive Strength and Density

Based on the graphs in Figures 6 and 7, it was found that the compressive strength of the brick
sample was closely related to the density of the brick sample. The higher the density of a brick
sample, the more the compressive strength will increase. This is due to the mixture becoming more
homogeneous and having a good connection with the bonds in the mixture [3]. The opposite happened
when the density of the sample brick was dropped, the compressive strength had been significantly
reduced. The same observation was found by [1,2], the density and compressive strength of the brick
was decreased as the percentage of the replacement increased. Therefore, the increase in the addition

of ceramic waste in the cement brick mixture had affected the compressive strength and density
values of the cement brick.
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Figure 6: Relationship between compressive strength and density for 7 days
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Figure 7: Relationship between compressive strength and density for 28 days
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3.4.2 Relationship between Density and Water Absorption

Graphs in Figures 8 and 9 show that the density of the brick sample also affected the absorption
rate of the brick sample. Brick samples containing 10% ceramic waste were high-absorption but low
in density whereas control bricks had low absorption rates but high-density values for both curing
periods. Based on the previous research from Sheikh Khalid et al. [2], the result had shown that a
decreased in the density and an increased in the water absorption when there was an increased of the
recycled fine aggregate content. The same observation was found by Mohd Yassin et al. [1], which
recorded concrete containing Expanded Polystyrene (EPS) had shown lower water absorption in
comparison to normal concrete. This can be concluded that the reduction of the percentage of water
absorption with the increment of ceramic waste was due to the non-absorbent characteristic of the
material.
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Figure 8: Relationship between the density and absorption rate for 7 days
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Figure 9: Relationship between the density and absorption for 28 day
3.4.3 Relationship between Compressive Strength and Water Absorption

Figures 10 and 11 show a graph of the relationship between compressive strength and
absorption rate of brick samples for 7 and 28 days of curing. Through these graphs, high absorption
rates of bricks have a high strength of control bricks as well as bricks samples containing 10%
ceramic waste. However, 15% of ceramic waste brick samples had shown a low absorption rate and
low strength. A similar finding was found by Mohd Yassin et.al [1] when the increment of EPS had
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reduced the brick strength and decreased the percentage of water absorption. This is believed was due
to the characteristic of EPS which is non-absorbent that helps in the reduction of water absorption.
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Figure 10: Relationship between compressive strength and absorption for 7 days
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Figure 11: Relationship between compressive strength and absorption for 28 days

4.0 Conclusion

From the results of the analysis, it can be concluded that cement bricks that use ceramic waste
have the potential to be one of the good building materials in the construction industry. The use of
ceramic waste in cement bricks is suitable for use due to ceramic's high hardness and thermal
resistance. This indicates that the higher the percentage of ceramic waste replaced, the compressive
strength can also reduced due to the plasticity properties of the ceramic waste itself. Therefore, the use
of ceramic waste as a substitute for sand in a mixture of cement bricks is suitable because ceramic is a
non-metallic material but only limited to 10%.
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