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Abstract: Brick is a form of masonry material used to construct walls, walkways, and 

other structures. Sand cement brick is porous, low mechanical strength, ductile and 

has poor crack resistance and to utilize the use of ceramic tiles waste in the 

development of sand cement brick. In this study, ceramic tiles waste is used as partial 

replacement of sand in the production of sand cement brick. The objective to be 

achieved for this study is to determine the suitable percentage of replacement and 

properties of sand cement bricks containing ceramic tiles waste as the partial 

replacement for fine aggregate. To process the CTW into smaller size, hammer and 

LA Abrasion machine was used. The mix consist of 40% and 50% ceramic tiles waste 

is partially replace sand to produce samples of 36 bricks with ratio of 1:3. 

Furthermore, the tests carried out on the sand cement brick samples are density tests, 

water absorption tests and compression strength tests. In conclusion, the optimum 

percentage replacement of Ceramic Tiles Waste with sand are 40%. As the higher 

percentage replacement, the higher compressive strength and water absorption.  
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1. Introduction 

Brick is a form of masonry material used to construct walls, walkways, and other structures. Several 

types of brick are used in construction such as clay brick and cement brick. Sand cement bricks are 

commonly utilized in low and medium cost residential construction as well as various commercial 

buildings in Malaysia. This is because high production rates of the brick as the brick is easy to produce 

and cheaper than the other brick[1]. Sand cement bricks are rarely used in building walls in comparison 

to clay bricks. This is because sand cement brick has poor strength to maintain the structure's loads This 

is in fact that sand cement brick also porous, ductile, has poor mechanical properties such as tensile 

strength, has poor crack resistance as well as brittle [2][3]. 
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Lately, there are many studies regarding production of brick by using waste material. As example, 

[4] used natural fiber such as oil palm fruit and pineapple eaves into the clay mixture. In other hand, [5] 

reused fly ash as base material for making fired bricks instead of clay. Other than that, a study by [6] 

used wasted glass from structural glass wall into the clay mixture in the process of brick development. 

As a result, this study was carried out to make sand cement bricks by utilized ceramic tiles waste 

as partial replacement of the sand that act as a fine aggregate material in order to reduce industrial waste 

as well as to reduce the weakness of the brick. This is because by using recycled aggregates, especially 

ceramic, in new structural concrete is helpful from the standpoints of environmental preservation and 

natural resource conservation [7]. Ceramic tiles waste as shown in Figure 1 made from various materials 

such as ceramic, sand, water and lime. Ceramic tiles waste  has been proven as an waste material that 

consist excellent attribute such as long-lasting, durable, and resistant to biological, chemical, and 

physical forces [8]. This has been proven by [9] as ceramic materials surpass metals on terms of 

increasing thermal strength, durability, density, and heat resistance. The aim of this research was to 

determine the optimum percentage of CTW replacement in the development of sand cement brick and 

to evaluate the physical and mechanical properties of sand cement brick incorporating ceramic tiles 

waste. 

 

Figure 1: Ceramic Tiles Waste 

 

2. Materials and Methods 

2.1 Materials 

Sand cement brick was made from various material such as sand, cement and water. In this study, 

the ceramic tiles waste was utilized as a sand replacement in the manufacturing of cement bricks. The 

ceramic tiles waste (CTW) were obtained from various places such as construction and garbage dumps 

site around Batu Pahat, Johor. Ceramic tiles waste were cleaned and dried before grinding. Next, 

Ceramic tiles waste were hammered to reduce into smaller size. Then, the CTW were grinded by using 

LA abrasion machine method. To obtain same range size with sand, CTW has gone through sieve 

analysis in range of 150 μm to 5 mm. The ratio of the brick mixture are 1:3 which 1 for cement and 3 

for sand. The mould of size 215 𝑚𝑚 × 103 𝑚𝑚 𝑥 65 𝑚𝑚 are used in the making of brick. The brick 

were left for 1 day to allowed it to harden. The brick are put to curing in curing tank for a duration of 7 

days and 28 days 

2.2 Methods 
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This study used a 40% and 50% ceramic tiles waste as the replacement of sand in the production of 

brick. The mixture design of the brick was recorded in Table 1. Laboratory testing has been conducted 

once the brick reach 7 and 28 days. The bricks were dried in the oven after it reached 7 and 28 days of 

curing and measured its mass by weighing scale. The bricks were test in 3 different testing which is 

compression strength test, water absorption test and density test. The sample required for each testing 

were recorded in Table 2. For density test, it was conducted by measuring brick length, width and height 

and divided with the mass to get the volume. For water absorption, the bricks were immersed for a 

duration of 24 hours and then recorded its weight. For compression strength test, the brick of 7 and 28 

days are test using compression strength machine to determine its strength before started to failure. The 

water cement ratio for the mix design was 0.6. 

Table 1: Mix Design 

Mix Cement (Kg) Sand (Kg) Water (Kg) CTW (Kg) Remarks 

M0 7.78 23.32 9.36 0 Control 

M40 7.78 13.99 9.36 9.33 40% CTW 

M50 7.78 11.66 9.36 11.66 50% CTW 

 

Table 2: Sample for each test 

Mix 
Size 

(mm × mm × mm) 

Number of Specimen Curing Ages 

Total 

Specimen 
Compressive 

Strength Test 

Water 

Absorption 

Test 

7 Days 28 Days 

M0 215×103×65 6 6 6 6 12 

M40 215×103×65 6 6 6 6 12 

M50 215×103×65 6 6 6 6 12 

 

3. Results and Discussion 

By using Microsoft Excel, the findings of laboratory testing in this utilization of ceramic tiles waste 

as a sand replacement in production of sand cement bricks are examined. The purpose of this data 

analysis was to determine the efficiency of the alternative materials utilized in accomplishing the study's 

goals. 

3.1 Dry Sieve Analysis 

Based on Figure 2, the line graph of CTW is almost similar to the sand. This is due to the ceramic 

tiles waste having similar range of size with the sand. This has been proven by [10] as the data obtained 

also stated that ceramic tiles waste has similar range of size with sand which is from m 5.0 to 0.075 mm 

and only ceramic tiles waste in that range are used as fine aggregate. Hence, this support the statement 

that CTW could be replacement material of sand as the size are almost similar. 

 



Johar et al., Recent Trends in Civil Engineering and Built Environment Vol. 4 No. 3 (2023) p. 396-402 
 

399 
 

 

Figure 2: Graph of Dry Sieve Analysis 

3.2 Density Test 

It is essential for the determination of density of brick sample due to the different proportion of 

mixtures which resulting in different masses for every specimen. Table 3 shows the summary of brick 

density for each sample. 

Table 3: Density of Brick 

Sample Days Average Density (𝐾𝑔/𝑚3) 

Control 7 2121 

28 2128 

40% CTW 7 2124 

28 2128 

50% CTW 7 1966 

28 2011 

 

Based on Figure 3, it can be observed that both 40% and 50 % CTW of 7 days curing has lower 

density than the control specimen. The decreased in density are 0.33% for CTW 40% while 7.3% for 

50% CTW. For 28 days, the 40% CTW has similar density with the control which is 2128 kg/m3. The 

50% CTW showed decreased in density which 5.5% lower in density than the control specimen. It was 

clear that the higher the percentage of ceramic tiles waste mixed in the mixture, the lower the density 

of the brick.  

 

Figure 3: Density of brick 
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3.3 Compression Strength 

Summary of compressive strength is shown in Table 4. As plotted in Figure 4, it can be observed 

that the compressive strength for both 7 days and 28 days of curing age for CTW 40% are slightly 

increased while strength for CTW 50% were slightly decreased than 40 % CTW. For 7 days curing age, 

CTW 40% strength are increased by 7.42% than the control specimen while CTW 50% strength are 

decreased by 6.87%. For 28 days, 40% CTW showed increasing of strength of 53.2 MPa while 50% 

CTW showed a decreased of strength than 40% CTW which the strength is 49.0 MPa. It is clear that 

the higher ceramic tiles waste content in the brick mixture, the lower strength of the brick. This is 

because the strength started to decline at 50 % CTW replacement. 

Table 4: Compression Strength of Brick 

Sample  Average Strength (MPa) 

 7 Days 28 Days 

Control  36.4 43.7 

CTW40  39.1 53.2 

CTW50  33.9 49.0 

 

 

Figure 4: Compression strength of brick 

 

3.4 Water Absorption Test 

From Table 5 the water absorption for 40% CTW during 7 days are lower than control specimen 

which decreased by 4.8%. This result is contrast to the 50% CTW which the result of water absorption 

are higher than control specimen by 2.65%. For 28 days, both 40% and 50 % CTW showed higher water 

absorption than control specimen which at 7.29% and 7.61% respectively. 

Table 3.5: Water absorption of Brick 

Sample  Water Absorption (%) 

 7 Days 28 Days 

Control  10.85 6.20 

CTW40  6.05 7.29 

CTW50  13.5 7.61 
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 The water absorption increased as the higher percentage replacement are use in the mixture. This 

are showed in Figure 5 where the water absorption increased gradually for CTW 40% and CTW 50%. 

This is due to the water absorption property of sand cement bricks incorporating recycled fine aggregate 

raised the water absorption properties of bricks as stated by [1]. Previous study by [11] that the ceramic 

brick aggregates were found to have a significant water absorption. 

 

 

Figure 5: Water Absorption on Brick 

4.0 Conclusion 

Based on the findings of the study, sand cement bricks made from ceramic tiles waste have the 

capability to become better building materials available in the industry. The study proven that the 

increased of percentage replacement of ceramic tiles waste with sand, the lowered the compressive 

strength of the brick due to the higher water absorption of ceramic tiles waste. As a result, the use of 

ceramic tiles waste as a sand replacement in production of sand cement brick is appropriated at 

maximum content of 40% replacement. 

Acknowledgement 

The authors would like to thank the Faculty of Civil Engineering and Built Environment, Universiti 

Tun Hussein Onn Malaysia for their support and assistance in making the smooth journey for this 

research to the end. 

References 

[1] F. Sheikh Khalid, H. Shah Herman, N. B. Azmi, and M. I. Juki, “Sand Cement Brick Containing 

Recycled Concrete Aggregate as Fine-Aggregate Replacement,” MATEC Web Conf., vol. 103, 

p. 01016, Apr. 2017, doi: 10.1051/matecconf/201710301016. 

[2] J. M. Irwan and N. Othman, “An overview of bioconcrete for structural repair,” Appl. Mech. 

Mater., vol. 389, no. March, pp. 36–39, 2013, doi: 10.4028/www.scientific.net/AMM.389.36. 

[3] J. M. Irwan, N. Othman, and H. B. Koh, “Properties of sand cement brick containing quarry dust 

(SCBQD) and bacteria strain,” Int. J. Sustain. Constr. Eng. Technol., vol. 11, no. 2, pp. 13–22, 

2020, doi: 10.30880/ijscet.2020.11.02.002. 

 

0

5

10

15

Control CTW 40 CTW 50

W
at

er
 A

b
so

rp
ti

o
n
 (

%
)

Sample Type

Water Absorption (%)

7 Days 28 Days



Johar et al., Recent Trends in Civil Engineering and Built Environment Vol. 4 No. 3 (2023) p. 396-402 

402 
 

[4] C. M. Chan, “Effect of natural fibres inclusion in clay bricks: Physico-mechanical properties,” 

World Acad. Sci. Eng. Technol., vol. 73, pp. 51–57, 2011, doi: 10.5281/zenodo.1331783. 

[5] X. Lingling, G. Wei, W. Tao, and Y. Nanru, “Study on fired bricks with replacing clay by fly 

ash in high volume ratio,” Constr. Build. Mater., vol. 19, no. 3, pp. 243–247, 2005, doi: 

10.1016/j.conbuildmat.2004.05.017. 

[6] V. Loryuenyong, T. Panyachai, K. Kaewsimork, and C. Siritai, “Effects of recycled glass 

substitution on the physical and mechanical properties of clay bricks,” Waste Manag., vol. 29, 

no. 10, pp. 2717–2721, 2009, doi: 10.1016/j.wasman.2009.05.015. 

[7] A. V. Alves, T. F. Vieira, J. De Brito, and J. R. Correia, “Mechanical properties of structural 

concrete with fine recycled ceramic aggregates,” Constr. Build. Mater., vol. 64, pp. 103–113, 

Aug. 2014, doi: 10.1016/j.conbuildmat.2014.04.037. 

[8] J. Bommisetty, T. S. Keertan, A. Ravitheja, and K. Mahendra, “Effect of waste ceramic tiles as 

a partial replacement of aggregates in concrete,” in Materials Today: Proceedings, Jan. 2019, 

vol. 19, pp. 875–877, doi: 10.1016/j.matpr.2019.08.230. 

[9] C. Efftinga, M. V. Folguerasb, S. Güthsc, and O. E. Alarconc, “Microstructural characterization 

of ceramic floor tiles with the incorporation of wastes from ceramic tile industries,” Mater. Res., 

vol. 13, no. 3, pp. 319–323, 2010, doi: 10.1590/s1516-14392010000300007. 

[10] H. Higashiyama, F. Yagishita, M. Sano, and O. Takahashi, “Compressive strength and resistance 

to chloride penetration of mortars using ceramic waste as fine aggregate,” Constr. Build. Mater., 

vol. 26, no. 1, pp. 96–101, 2012, doi: 10.1016/j.conbuildmat.2011.05.008. 

[11] O. Zimbili, W. Salim, and M. Ndambuki, “9997569,” vol. 0001, no. 1, pp. 91–95, 2014. 

 

  


