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Abstract: Bricks consume a massive quantity of clay. Using clay bricks causes erosion, lowers the
water table, and harms the environment. This research examined various waste materials, including
fly ash, quarry dust, marble dust, eggshell powder (ESP), and rice husk ash (RHA), in varying
percentages to avoid using clay in manufacturing bricks. Compressive strength and water absorption
tests were conducted, and the results were compared with the specifications for traditional clay bricks.
It was observed that the compressive strength and water absorption values met the relevant standards
needed for standard construction bricks. Furthermore, the cost of manufacturing bricks from waste
materials was estimated, and the findings show that manufacturing bricks from waste materials cost
less than conventional bricks. Finally, it was concluded that the brick industry could become more
sustainable and economically feasible by using specific waste materials in manufacturing bricks.
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1. Introduction

Bricks are widely used in construction projects as they possess beneficial characteristics
such as low cost, high durability, and ease of handling [1]. Clay is the primary raw material
used in brick production. For brick manufacturing, almost 340 billion tons of clay are used
annually [2]. The increasing clay use as a resource for manufacturing bricks has caused
an alarmingly high degree of variance in this natural material [3]. This has therefore led
several researchers to find alternative resources or ways to recycle the wastes produced
by various industrial processes. As a result, many waste materials have been used in
brick manufacturing, including marble dust [4], sludge from water treatment plants [5],
fly ash [6], sugarcane bagasse ash [7], rice husk ash (RHA) [8], waste glass powder [9],
sawdust [10], quarry dust [11], and eggshell powder (ESP) [12]. The properties of clay must
be altered by the additives physically and chemically within a specific range, and they must
not adversely affect the clay’s strength and durability [13].

Fly ash is a typical clay component generated when coal is burned in coal-fired power
plants. It is a varied substance with a glossy appearance made of mullite (alumina and
silica) and iron oxides (hematite and magnetite) [14]. Its elemental composition is similar
to that of brick soils. Bricks’ strength can be increased and water absorption reduced by
adding fly ash to clay [15,16]. RHA is a potential source of Amphorous reactive silica
released by the combustion of rice hulls [17]. It has excellent thermal insulation and keeps
the temperature stable. According to a study by Ramasamy [18], adding a small amount of
RHA will increase the material’s compressive strength. Food processing firms produce tons
of eggshells as waste, which has led to environmental issues because of their inappropriate
disposal in our environment [19]. The calcium carbonate in ESP dissolves in different acids
and has a chemical composition similar to limestone [20]. ESPs are potential substitute raw
materials for clay brick production [12].
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A study by Dhanapandian and Gnanavel [21] indicated that up to 20% of waste
marble powder improved water absorption. Adding waste marble to clay reduces the fire
temperature without affecting the brick’s properties [22] and thus lowers the production
cost and saves energy. The bricks” physical strength at high temperatures was increased
by including waste marble [23]. The fluxing effect of these wastes at higher temperatures
boosted several brick properties, most notably flexural strength, compressive strength, and
bulk density [4]. Past studies, e.g., from the authors of [24], have proven that waste marble
powder may be used inexpensively in clay bricks. Quarry dust is produced by cutting and
grinding the stone. Depending on the quarry fine dust’s physical and chemical properties,
it may be used to produce bricks as a filler, a replacement for clay, a colorant, a fluxing agent,
or even body fuels [25]. Quarry dust addition improves the bricks” durability [26]. The
potential use of naturally occurring wastes, readily accessible and inexpensive, is becoming
increasingly more important in reducing building material costs without sacrificing quality.
Given the above, this study investigated the behavior of bricks made by replacing clay with
waste materials such as ESP, RHA, fly ash, quarry dust, and marble dust and estimated the
cost of brick production.

2. Materials and Methods
2.1. Materials

The waste materials such as fly ash, quarry dust, marble dust, ESP, and RHA were
collected from local dealers in Rajapalayam, Tamilnadu, India. Figure 1 shows the mixtures
of all waste materials used in this study. The chemical composition of raw materials is
shown in Table 1.
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Figure 1. Waste materials: (a) class-C fly ash, (b) addition of ESP, (c) addition of marble dust,
(d) quarry dust addition, and (e) RHA addition.

Table 1. Raw materials’ chemical composition (% by weight).

Component Fly Ash Marble Dust RHA ESP Quarry Dust Cement

SiO, 35-59 28.35 90.20 0.01 69.94 21.54

Al O3 23-33 0.42 0.85 0.01 14.60 5.32

CaO 10-16 40.45 1.18 52.75 2.23 63.60
Loss on ignition 1-2 - 3.95 46.62 - -
S 0.5-1.5 - - 0.5-1.5 - -
Fe 0.5-2 - - - - -

Fe, O3 - 9.7 1.38 0.01 2.16 3.6

MgO - 16.25 1.21 0.51 0.38 1
SO3 - - - 0.62 - -

2.2. Mixing and Specimen Preparation Procedure

Different proportions of raw materials were used to make bricks, as shown in Table 2.
The collected waste materials, cement, and water were mixed using a pan mixer until a
consistent mixture was obtained. It was noted that to maintain the same amount of mixture
consistency, for each trial, the amount of added water was 3 to 4 liters for a weight of
21 kg, and the amount of water used in each trial varied depending on the materials used.
A conveyor belt was used to transport the mixed materials to the compression system
for compacting, and bricks were cast using a hydraulic pressing machine with a 2200 psi
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pressure. The amount of compression that one brick was subjected to varied depending
on the size of the materials. A total of 120 bricks (24 in each mixing ratio) were produced,
each brick weighing approximately 3.5 kg. The produced bricks were taken and stacked for
curing for 21 days to ensure a high-quality product [16]. A plastic sheet was laid in an area
close to the brick-making unit and was covered immediately with a jute sack to prevent the
bricks from drying too quickly. They were watered once every day for seven days, and to
ensure a well-cured brick, they were left under plastic for eleven days [12]. Figure 2 depicts
the specimen preparation process.

Table 2. Materials composition of various trails.

Materials Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
Fly ash (%) 40 40 40 40 40
Marble dust (%) 10 10 10 10 10
Cement (%) 5 5 5 5 5
RHA (%) 2 2 2 3 3
Quarry dust (%) 40 38 33 27 22
ESP (%) 3 5 10 15 20

@) (b)

Figure 2. Specimen preparation process: (a) mixing of materials, (b) casting of bricks, and (c) curing
of bricks.

3. Experimental Study

Testing bricks for strength, durability, efflorescence, and dimensional tolerance is
mandatory [14]. In this study, a dimension test, water absorption test, compressive strength
test, and efflorescence test were carried out to determine the quality of bricks. Details of
these tests are discussed in the following sections.

3.1. Dimension Test

A total of 20 samples were chosen randomly from each mixed ratio, and the blisters
were removed using a trowel before conducting the test. The dimensions of bricks were
tested per India’s industry standards (IS: 1077(1992), clause 6.2). First, all the selected
bricks were arranged lengthwise in five rows on a flat surface, and the length of the overall
bricks was measured using tape. The values were recorded for each row. Similarly, the
bricks were arranged widthwise, and the values were recorded. Finally, all the bricks were
arranged on the basis of height, and the overall height was determined. The observed
values were recorded, and the standard deviations are shown in Table 3. It was found that
the dimension tolerance values for bricks were within the IS limits [27].
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Table 3. Dimensions of bricks.
Dimension (mm) Tolerance (%)
Trail P
L* B D* L B D
1 4517 2158 1378 -1.8 -1.9 —-1.57
2 4533 2163 1386 —1.46 —1.68 —-1.0
3 4528 2159 1394 —1.57 —1.86 —0.43
4 4522 2165 1375 —1.69 —1.59 —1.78
5 4548 2168 1382 —1.13 —1.45 —1.28

* Length; # breadth; * depth.

3.2. Water Absorption Test

Water absorption affects the durability of bricks. To conduct this experiment, three
specimens from each mixed ratio were selected. Samples were first placed in an oven at 105
°C until they reached a consistent density. After being overdried, the bricks were immersed
in water for 24 hours. Then, the specimens were removed from the water and cleaned with
a damp cloth. The percentage of samples” water content was determined using:

W2 - W1

water absorption in % =
p ° Wi

x 100, (1)
where W1 is the brick’s dry weight, and W2 is the brick’s wet weight.

Figure 3 shows the average water absorption results for brick in each mixed ratio.
According to the protocol outlined in IS [27], the bricks must absorb no more than 20% of
their weight in water after 24 h of immersion in cold water. Figure 3 shows that the water
absorption values for bricks were less than 7% in each trial, meeting the IS requirements [27].
A lower rate of water absorption was observed in trail 1 with the increase in the percentage
of quarry dust.

Water Absorption (%)

Trial 1 Trial 2 Trial 3 Trial 4 Trial 5

Figure 3. Water absorption results for brick samples.

3.3. Compressive Strength Test

The compression test machine measured the dry compressive strength of brick sam-
ples. Three random samples were taken from each mixed ratio, as in the water absorp-
tion test. The sample’s face was subjected to a compression load with dimensions of
230 mm x 110 mm. The compressive strength was determined by dividing the overall
load by the original cross-sectional area of the specimen. Figure 4 shows the compression
strength test arrangement, and the average compressive strength results are displayed in
Figure 5. From Figure 5, it was observed that the composition used in trial 3 achieved
the highest compressive strength compared with other compositions used in other trials.
However, the compressive brick strength results ranged from 7 to 14 N/mm?, which could
be classified as Grade A [28].
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Figure 4. Compressive strength testing of samples.
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Figure 5. Compressive strength results for brick samples.

3.4. Efflorescence Test

According to Ukwatta et al. [29], salt deposits on brick surfaces lead to efflorescence,
which detracts from the aesthetics of brick masonry structures. The samples were tested
following the procedure given in IS 3495 (part 3) to determine the efflorescence. One
random sample from each mixed ratio was selected. A shallow flat bottom tray was taken,
and water was poured to a height of 2.5 cm. The samples were placed vertically in the
tray and kept until they absorbed the water. When the bricks appeared to dry, the same
quantity of water was poured into the tray and evaporated. Once the evaporation occurred,
the samples’ evaluation was tested on the basis of the classification provided in [28]. In
this study, it was observed that there was no efflorescence in brick samples, indicating that
none of the samples had been exposed to sulfate attack [28].

4. Cost Estimation

The cost of the waste materials per kg weight, including the shipping cost, was
estimated in rupees (INR). The weight of the waste materials used in one brick is multiplied
by the unit cost of the waste materials to calculate the total material cost. The cost of human
resources and electricity used to manufacture the bricks were also considered. The total
cost of brick production in the trials was estimated, as shown in Table 4. It was observed
that during trial 1, the cost of production of one brick was INR 3.32, and the production
cost gradually increased to INR 3.660 during trial 5. It is noteworthy that although the
addition of quarry dust was reduced in each trial, the addition of ESP was simultaneously
increased, affecting the cost of brick production. Table 4 shows that the optimum cost
for brick manufacturing was the ratio used in trial 3, which indicates high compressive
strength results (see Figure 5).



Mater. Proc. 2023, 13, 25

6 0f 8

Table 4. Cost for production of bricks in each trial.

. Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
Unit Cost
(in INR) Weight Cost  Weight Cost  Weight Cost  Weight Cost  Weight  Cost
(kg) (INR) (kg) (INR) (kg) (INR) (kg) (INR) (kg) (INR)
Materials
Fly ash 0.7/kg 1.4 0.980 14 0.980 1.4 0.980 1.4 0.980 14 0.980

Quarry dust 0.42/kg
Marble

powder 04/kg
Cement 6.50/kg
ESP 1/kg
RHA 0.10/kg
Labor/brick 0.3
Electric
supply/brick 007
Total cost

1.4 0.589 1.33 0.558 1.16 0.490 0.945 0.397 0.77 0.323
0.35 0.140 0.35 0.140 0.35 0.140 0.35 0.140 0.35 0.140

0.175 1.138 0.175 1.138 0.175 1.138 0.175 1.138 0.175 1.137

0.105 0.105 0.175 0.175 0.35 0.350 0.525 0.525 0.7 0.700

0.07 0.0007 0.07 0.0007 0.07 0.0007 0.105 0.010 0.105 0.010
Others

0.300 0.3 0.300 0.3 0.300 0.3 0.300 0.3 0.300

0.070 0.07 0.070 0.07 0.070 0.07 0.070 0.07 0.070
3.322 3.361 3.475 3.560 3.660

5. Comparative Analysis

The manufactured bricks were compared with conventional clay bricks’ specifications
and manufacturing costs. First, the optimum proportion of manufactured bricks was se-
lected among the different compositions of trials. The results yielded from water absorption
(5.4%), and compressive strength (11.063 N/mm?) tests indicate that the composition of
trial three was the optimum proportion for producing high-quality bricks; hence, these
results were compared with the conventional bricks.

Three random samples of clay bricks were collected from local manufacturers. The
manufacturers reported that manufacturing one clay brick ranges from INR 5-6. The
same procedures were followed to conduct the compressive strength and water absorption
tests for testing the samples. The test results of conventional bricks are shown in Table 5.
The average weight of clay bricks was 3.258 kgs. From Table 5, it was observed that
the produced bricks were found to be economically feasible, resulting in lower water
absorption, higher compressive strength, and lower manufacturing cost compared with
conventional clay bricks.

Table 5. Test results for conventional clay bricks.

Experimental Test Sample 1 Sample 2 Sample 3 Average
Water absorption (%) 12.715 10.170 9.906 10.930
Compressive strength (N/ mm?) 5.260 9.010 8.860 7.710

6. Conclusions

Clay is the primary raw material used in brick manufacturing. However, the use of clay
causes erosion and lowers the water table. In this study, an attempt was made to incorporate
industrial waste materials into brick manufacturing to avoid using clay. The readily
available raw waste materials such as RHA, quarry dust, fly ash, marble powder, and
ESP were used in different proportions for brick production. Compressive strength, water
absorption, efflorescence, and dimension tests were conducted to determine the quality of
the bricks. The results obtained from the tests were compared with the conventional clay
bricks. Additionally, the manufacturing cost of bricks from waste materials was compared
with clay bricks. The findings indicated that the bricks produced from waste materials were
economically feasible and yielded high compressive strength. Future research will focus on
performing the sustainability assessment of manufactured bricks from waste materials on
economic, social, technical, and environmental aspects.



Mater. Proc. 2023, 13, 25 70f8

Author Contributions: Conceptualization, K.R. and S.C.; methodology, K.R. and V.C.; formal analysis,
K.R. and S.C,; investigation, V.C.; writing—original draft preparation, K.R. and V.C.; writing—review
and editing, V.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The publication cost of this paper was covered with funds from the Polish Na-
tional Agency for Academic Exchange (NAWA): “MATBUD"2023—Developing international scientific
cooperation in the field of building materials engineering” BP1/WTP/2021/1/00002, MATBUD'2023.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Khitab, A.; Anwar, W. Advanced Research on Nanotechnology for Civil Engineering Applications; IGI Global: Hershey, PA, USA, 2016;
pp- 1-27.

2. Pawar, A.S.; Garud, D.B. Engineering properties of clay bricks with use of fly ash. Int. Res. ]. Eng. Technol. 2014, 3, 75-80.

3. Zhan, L. Production of bricks from waste materials. Constr. Build. Mater. 2014, 47, 643-655. [CrossRef]

4. Ricardo, RJ.; Brito, D.; Sardinha, M. Mechanical properties of structural concrete containing very fine aggregates from marble
cutting sludge. Constr. Build. Mater. 2015, 77, 349-356.

5. Heniegal, A.M.; Ramadan, M.A.; Naguib, A.; Agwa, LS. Study on properties of clay brick incorporating sludge of water treatment
plant and agriculture waste. Case. Stud. Constr. Mater. 2020, 13, e00397. [CrossRef]

6.  Murugesan, T.; Bahurudeen, A.; Sakthivel, M.; Vijay, R.; Sakthivel, S. Performance evaluation of burnt clay-fly ash unburnt bricks
and precast paver blocks. Mater. Today Proc. 2017, 4, 9673-9679. [CrossRef]

7.  James, ].; Pandian, PK. A short review on the valorisation of sugarcane bagasse ash in the manufacture of stabilized /sintered
earth blocks and tiles. Adv. Mater. Sci. Eng. 2017, 2017, 1706893. [CrossRef]

8.  Sutas,].; Mana, A.; Pitak, L.J.P.E. Effect of rice husk and rice husk ash to properties of bricks. Procedia Eng. 2012, 32, 1061-1067.
[CrossRef]

9.  Demir, I. Reuse of waste glass in building brick production. Waste Manag. Res. 2009, 27, 572-577. [CrossRef]

10. Okunade, E.A. The effect of wood ash and sawdust admixtures on the engineering properties of a burnt laterite-clay brick. Res. J.
Appl. Sci. 2008, 8, 1042-1048. [CrossRef]

11.  Gorai, S. Utilization of Fly ash for sustainable environment management. J. Mater. Environ. Sci. 2018, 9, 385-393.

12. Ngayakamo, B.H.; Bello, A.; Onwualu, A.P. Development of eco-friendly fired clay bricks incorporated with granite and eggshell
wastes. Environ. Chall. 2020, 1, 100006. [CrossRef]

13.  Christy, C.F; Tensing, D. Greener building material with fly ash. Asian J. Civ. Eng. 2011, 12, 87-105.

14. Kayathri, K.; Vigneshkumar, C.; Gohila, M.R.; Karthik, K. Effect of copper slag, fly ash and granite power as a partial replacement
in fine aggregate. Int. J. Innov. Res. Technol. Sci. Eng. 2014, 2, 439—443.

15.  Shakir, A.A.; Naganathan, S.; Mustapha, K.N. Properties of bricks made using fly ash, quarry dust and billet scale. Constr. Build.
Mater. 2013, 41, 131-138. [CrossRef]

16. Abbas, S.; Saleem, M.A.; Kazmi, M.S.; Munir, M.]J. Production of sustainable clay bricks using waste fly ash: Mechanical and
durability properties. J. Build. Eng. 2017, 14, 7-14. [CrossRef]

17.  Jittin, V.; Bahurudeen, A.; Ajinkya, S.D. Utilisation of rice husk ash for cleaner production of different construction products. J.
Clean. Prod. 2020, 263, 121578.

18. Ramasamy, V. Compressive strength and durability properties of rice husk ash concrete. KSCE J. Civ. Eng. 2012, 6, 93-102.
[CrossRef]

19. Choudhary, R.; Koppala, S.; Swamiappan, S. Bioactivity studies of calcium magnesium silicate prepared from eggshell waste by
sol-gel combustion synthesis. KSCE ]. Civ. Eng. 2015, 3, 173-177. [CrossRef]

20. Hamada, HM.; Tayeh, B.A.; Al-Attar, A.; Yahaya, EM.; Muthusamy, K.; Humada, A.M. The present state of the use of eggshell
powder in concrete: A review. J. Build. Eng. 2020, 32, 101583. [CrossRef]

21. Dhanapandian, S.; Gnanavel, B. An investigation on the effect of incorporation of granite and marble wastes in the production of
bricks. ARPN J. Eng. Appl. Sci. 2009, 4, 46-50.

22. Segadaes, A.M.; Carvalho, M.A.; Acchar, W. Using marble and granite rejects to enhance the processing of clay products. Appl.
Clay Sci. 2005, 30, 42-52.

23. Rasool, M.A.; Hameed, A.; Qureshi, M.U.; Ibrahim, Y.E.; Qazi, A.U.; Sumair, A. Experimental study on strength and endurance

performance of burnt clay bricks incorporating marble waste. . Asian Archit. Build. Eng. 2022, 22, 240-255. [CrossRef]


http://doi.org/10.1016/j.conbuildmat.2013.05.043
http://doi.org/10.1016/j.cscm.2020.e00397
http://doi.org/10.1016/j.matpr.2017.06.245
http://doi.org/10.1155/2017/1706893
http://doi.org/10.1016/j.proeng.2012.02.055
http://doi.org/10.1177/0734242X08096528
http://doi.org/10.3923/jas.2008.1042.1048
http://doi.org/10.1016/j.envc.2020.100006
http://doi.org/10.1016/j.conbuildmat.2012.11.077
http://doi.org/10.1016/j.jobe.2017.09.008
http://doi.org/10.1007/s12205-012-0779-2
http://doi.org/10.1016/j.jascer.2015.01.002
http://doi.org/10.1016/j.jobe.2020.101583
http://doi.org/10.1080/13467581.2021.2024203

Mater. Proc. 2023, 13, 25 8of8

24.

25.

26.

27.

28.

29.

Qureshi, M.U.; Al-Sawafi, B.; Al-Washahi, M.; Al-Saidi, M.; Al-Badi, S. The Sustainable Use of Fine Marble Waste Powder for the
Stabilization of Desert Sand in Oman. In Proceedings of the 1st GeoMEast International Congress and Exhibition, Cairo, Egypt,
10-15 November 2017.

Katz, A.; Baum, H. Effect of high levels of fines content on concrete properties. ACI Mater. . 2006, 103, 474.

Kumar, D.S.; Hudson, W.R. Use of Quarry Fines for Engineering and Environmental Applications; Special Report; University of Texas:
Austin, TX, USA, 1992.

IS. Indian Standard 3495 (Parts 1 to 4), Methods of Tests of Burnt Clay Bricks. Available online: https://www.iitk.ac.in/ce/test/
IS-codes/is.3495.1-4.1992.pdf (accessed on 12 December 2021).

IS. Indian Standard 1077, Common Burnt Clay Building Bricks—Specification. Available online: https://www.iitk.ac.in/ce/test/
IS-codes/is.1077.1992.pdf (accessed on 12 December 2021).

Ukwatta, A.; Mohajerani, A.; Eshtiaghi, N.; Setunge, S. Variation in Physical and Mechanical Properties of Fired-clay Bricks
Incorporating ETP Biosolids. J. Clean. Prod. 2015, 119, 76-85. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://www.iitk.ac.in/ce/test/IS-codes/is.3495.1-4.1992.pdf
https://www.iitk.ac.in/ce/test/IS-codes/is.3495.1-4.1992.pdf
https://www.iitk.ac.in/ce/test/IS-codes/is.1077.1992.pdf
https://www.iitk.ac.in/ce/test/IS-codes/is.1077.1992.pdf
http://doi.org/10.1016/j.jclepro.2016.01.094

	Introduction 
	Materials and Methods 
	Materials 
	Mixing and Specimen Preparation Procedure 

	Experimental Study 
	Dimension Test 
	Water Absorption Test 
	Compressive Strength Test 
	Efflorescence Test 

	Cost Estimation 
	Comparative Analysis 
	Conclusions 
	References

