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ABSTRACT

Bricks are one of the most widely used materials in building construction; however, the
increasing demand for building materials and the growing volume of construction and
demolition waste have prompted the search for alternative, sustainable materials. Utilizing
industrial waste, particularly in the production of sand bricks, presents a significant
opportunity for enhancing sustainability in the construction sector. In this context, waste
tiles, which are commonly discarded with minimal economic value, have gained attention as
a potential additive for stabilizing clay bricks, which typically exhibit high expansion and
contraction. This study explores the use of ground waste tile powder as an additive to black
cotton soil to produce stabilized brick specimens. The waste tiles were collected, ground into
powder using a Loss Angelis grinder, and sieved through a 75-micron BS sieve. The soil was
then mixed with the waste tile powder at 5%, 10%, and 15% replacement levels, and bricks of
215 x 103 x 80 mm dimensions were cast for experimentation. Laboratory investigations were
conducted to characterize the black cotton soil in terms of sieve analysis, Atterberg limits,
water absorption, specific gravity, compaction, California Bearing Ratio (CBR), and shear
strength tests, both for stabilized and non-stabilized soils. The results of the compressive
strength tests indicated that the addition of waste tile powder significantly enhanced the
compressive strength of the bricks. The compressive strength increased with the percentage
of waste tile powder, with the highest increase observed at 15% addition (3.17 N/mm?)
compared to the control (0%) with a compressive strength of 2.79 N/mm2 at 21 days of air
curing. The study concludes that waste tiles, when used as an additive in the production of
stabilized black cotton clay bricks, offer significant improvements in strength and have the
potential to contribute to sustainable practices in the civil and construction industries.

Key words: Bricks, waste tiles, Black Cotton Soil, Atterberg Limit, Compaction, Water
Absorption, Compressive Strength
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INTRODUCTION

The rapid growth in population, especially in developing countries like Nigeria, has led to a
significant increase in the demand for new building structures. However, this demand is
challenged by the rising cost of conventional construction materials. In many developing
nations, the construction sector heavily relies on materials such as cement and sand to
produce bricks and mortar (Sasah and Kankam, 2017). Unfortunately, the cement industry is
a major contributor to global carbon dioxide (CO,) emissions, responsible for approximately
8% of all anthropogenic greenhouse gases that accelerate climate change (Fraaij & Kentgens,
2008). In light of these environmental concerns, there is growing pressure to find sustainable
alternatives that reduce dependence on traditional materials and mitigate the environmental
impact of the construction industry.

Moreover, the escalating cost of conventional materials has made them inaccessible to large
segments of the population, especially in rural areas. In Nigeria, for example, many
individuals cannot afford these materials, making it imperative to explore more affordable
and locally sourced alternatives (Mansary & Ghali, 2017). Clay bricks, known for their low
cost and effectiveness, have been widely adopted for building homes and infrastructure,
especially in rural and semi-urban areas.

The principle of sustainability in construction encourages the use of supplementary materials
such as natural aggregates, cementing agents, and additives that can improve the properties of
traditional building materials while reducing environmental impact. The use of these
materials not only promotes eco-friendly construction but also helps to lower the overall cost
of construction (Samadi & Hussein, 2015). Traditionally, bricks were made from clay, a
material that has been in use for thousands of years due to its durability, ease of production,
and low cost. Bricks are typically rectangular units that can be made from various materials,
including shale, clay-bearing soils, concrete, and other soil mixtures, and are bound together
by mortar, interlocking, or adhesives to form walls, pavements, and other structural
components.

Clay is a natural material composed of very fine mineral fragments, which give it its
plasticity when wet. This plasticity allows the material to be molded into different shapes.
Upon firing at high temperatures, these mineral fragments become responsible for the
strength and durability of the final product (Monterio, Mauricio & Vieira, 2004). To improve
the properties of certain soils for construction, a process known as soil stabilization is
employed. Soil stabilization involves blending or mixing materials with soil to enhance
specific soil characteristics, such as its strength, plasticity, and resistance to water-induced
damage. Stabilization can be achieved through various means, including the use of chemical
stabilizers such as lime, cement, fly ash, and other waste products (Firoozi, Taha & Khan,
2014; Amin, 2012).

Black cotton soil, which is widely found in regions such as Nigeria, India, South Africa, and
parts of the United States, is a problematic soil due to its expansive nature. It tends to swell
significantly during the rainy season and shrink drastically during the dry season, causing
instability and cracking of structures built on it (Tomlinson, 1999; Osinubi, Soni & ljimdiya,
2010). Black cotton soil typically has a high clay content (often more than 50%) and is
dominated by the mineral montmorillonite, which is known for its large volume changes in
response to moisture fluctuations. These characteristics make black cotton soil unsuitable for
construction unless treated or stabilized (Ola, 1978; Plait, 1953). However, with proper
stabilization, this soil can be made more suitable for use in construction, reducing its
expansive tendencies and enhancing its strength (Balogun, 1991; Osinubi et al., 2010).
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Traditional methods of stabilizing black cotton soil typically involve adding stabilizing
agents like cement, lime, or bitumen, which help mitigate the soil's tendency to expand and
contract with moisture variations. However, non-traditional stabilization techniques using
materials like polymers, tree resins, and silicates have also shown promise in improving the
properties of expansive soils (Newman and Tingle, 2004). The use of waste materials, such as
those derived from the construction industry, presents an opportunity to both address
environmental issues and enhance the properties of construction materials.

One such material is waste ceramic tiles, which are often discarded at construction sites and
in landfills. These waste tiles, which are not typically recycled, pose environmental
challenges as they contribute to landfills that take up valuable space and release harmful
substances into the environment (Naveen & Antil, 2016). Despite this, studies have shown
that ceramic waste can be used effectively in the construction industry, particularly as a fine
aggregate in cement and mortar, to improve compressive strength and durability (Jimenez,
2013; Huang, 2012). Ceramic waste has been found to offer benefits such as increased
resistance to physical and chemical degradation, making it an attractive option for enhancing
the performance of construction materials.

Despite these advantages in other areas of construction, there is limited research on the
potential use of waste tiles for stabilizing black cotton clay bricks. This gap in knowledge is
the focus of the present study, which aims to investigate the feasibility of incorporating waste
ceramic tiles as a stabilizing agent in black cotton soil for brick production. The objective of
this research is to assess the effect of adding waste tile powder on the mechanical properties,
such as compressive strength and durability, of black cotton clay bricks, with the goal of
producing a more sustainable and cost-effective construction material for the building
industry.

MATERIALS AND METHODS
2.1 Black Cotton Soil

The black cotton soil used in this study was collected from the Gulani Local Government
Area of Yobe State, located in the northeastern part of Nigeria, at a latitude of 11° 0' N and a
longitude of 11.43° 0" E. Figure 1 shows the location of the soil sample collection site.

The collected soil was air-dried, pulverized manually to break up any clumps, and sieved
through a 2.36 mm mesh to remove larger particles. The particle size distribution of the black
cotton soil, as shown in Figure 2, indicates that the soil falls under the A-7-6 classification in
the AASHTO system, and is categorized as CL and CH in the Unified Soil Classification
System. Ola, (2007)reported similar findings. The key physical properties of the black cotton
soil are summarized in Table 1.

Table 1: Physical properties of black cotton soil

Property Value

Liquid limit (%) 33

Plastic limit (%) 22

Plasticity index (%) 12 :
Specific gravity 2.01 =
Maximum dry density (g/cm°) 1.98
Optimum moisture content (%) 7.4 i

61 Fig. 1: Soil Sample Collection
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2.2 Waste tiles

Waste tiles are typically generated as by-products in the ceramic industry during the final
polishing stages and are also produced during tile installation in buildings. These discarded
tiles, often considered waste, were collected and reused for this study. The waste tiles used in
this project were sourced from a construction site in the northeastern part of Nigeria.

The collected tiles were broken into smaller pieces and then ground into a fine powder using
a Los Angeles machine. The resulting powder was sieved through a 150 um BS sieve, as
shown in Figure 3, to obtain the desired particle size distribution.

The physical properties of the waste tiles, as determined through testing, were found to be as
follows: specific gravity = 3.10, relative density = 1.36 g/cm?, and a water absorption rate of
15%. The chemical composition of the waste tiles is provided in Table 2.

Table 2: Chemical composition of Waste tiles

Chemical : _
composition (%) Si0; AlOs3 Fe,03 CaO KO TiO, LOI

Waste tiles 725 158 368 2.03 280 0.46 0.2

3.0 Laboratory test

A series of laboratory tests were conducted to evaluate the index and engineering properties
of black cotton soil and its stabilization with different percentages of waste tile powder. The
tests included index property determination, compaction characteristics, California Bearing
Ratio (CBR), and shear strength, aimed at identifying the optimal percentage of waste tile for
stabilization.

3.1 Index Properties

The index properties of the black cotton soil were determined through Atterberg Limit tests,
which include the liquid limit, plastic limit, and plasticity index. These tests were performed
on both untreated black cotton soil and samples stabilized with waste tile powder at 5%, 10%,
and 15%. The Atterberg limits were determined in accordance with the guidelines set by
British Standard BS 1377 - 2 (1990).This testing method is used to assess the soil's plasticity
characteristics, which play a critical role in understanding its behavior when subjected to
moisture variations.

3.2  Compaction Test

Compaction tests were conducted on both untreated and stabilized black cotton soil to
determine the optimum moisture content (OMC) and maximum dry density (MDD). A
British Standard Light (BSL) compaction apparatus with a mould diameter of 110 mm was
used. The soil samples were thoroughly mixed with varying amounts of water and compacted
in three equal layers, with each layer receiving 24 blows from a hammer weighing 2.5 kg and
dropping from a height of 304.8 mm. This procedure is in accordance with the British
Standard for compaction tests and helps determine the density and workability of the soil at
different moisture levels, as well as the effect of waste tile powder on these properties.

3.3  California Bearing Ratio (CBR) Test

The California Bearing Ratio (CBR) test was performed to assess the strength of the soil and
its suitability for use in pavements and road construction. In this test, the resistance of the soil
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to penetration by a standard plunger is measured, which provides an indication of the soil's
load-bearing capacity. Samples of black cotton soil stabilized with varying percentages (5%,
10%, and 15%) of waste tile powder were tested to determine the effect of stabilization on the
soil's strength. The CBR tests were conducted following the procedures outlined in British
StandardBS 1377 - 4 (1990), as shown in Figure 4. This test provides valuable insight into the
improvement in the soil's load-bearing ability after stabilization with waste tiles.

Fig. 2: California Bearing Ratio Test Apparatus

3.4  Shear Strength test

The shear strength of the soil specimens was evaluated using a shear box apparatus. Each
specimen, with a plain grid plate at both the top and bottom, was positioned in the shear box
housing and placed on the load frame as shown in Figure 5. The required normal stress was
applied, and the rate of longitudinal displacement (shear stress) was adjusted to ensure no
drainage occurred during the test.

The upper part of the shear box was slightly raised, creating a gap of approximately 1 mm
between the two sections. The test was conducted by applying a horizontal shear load to the
specimen until failure occurred or until a 20% longitudinal displacement was reached,
whichever came first. To ensure repeatability, the test was conducted on identical specimens
under different loading conditions (50 kg, 100 kg, and 150 kg weights), with a time interval
of 0.5 minutes between each load application. This procedure allowed for the determination
of the shear strength of both untreated and stabilized soil specimens.

Fig. 3: Set up of Shear Strength Test
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3.5  Water Absorption Test

The water absorption test was performed to assess the effect of water on the clay bricks.
Three different samples of stabilized clay bricks were tested to determine their rate of water
absorption over a one-hour period, as shown in Figure 6. Each sample was weighed before
immersion in water, and the rate of water absorption was measured after one hour. This test
provides valuable information regarding the bricks' porosity and resistance to water
infiltration, which is essential for understanding their durability and performance in different
environmental conditions.

Fig. 4: Water Absorption Test

3.6 Preparation of Bricks

The clay bricks were produced by manually mixing the black cotton soil with water in
proportions based on the plastic and liquid limits of the soil, with slight adjustments made to
achieve the desired consistency. The mixing process, shown in Figure 7, ensured uniform
distribution of moisture throughout the soil.

Waste tile powder was added to the mixture at varying percentages of 0%, 5%, 10%, and
15% to assess its effect on the properties of the stabilized bricks. The water-to-soil ratio was
adjusted according to the liquid limit of the black cotton soil, resulting in the following
proportions: 22.5%, 25%, 27%, and 28% water content, respectively.

The prepared mixture was then poured into brick molds with dimensions of 215 mm x 103
mm x 80 mm. After molding, the bricks were left to air-cure for a specific duration, during
which the stabilization effect of the waste tiles improved the bricks' mechanical properties
and durability.

Fig. 5: Production of Brick specimens
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4.0 RESULTS AND DISCUSSION
4.1  Effects of Waste Tiles on Index properties on Black Cotton Soil

Figure 8 shows the results of the index properties of black cotton soil stabilized with waste
tiles at 0%, 5%, 10%, and 15%. The liquid limit increased with the addition of waste tiles.
Specifically, the liquid limit rose from 33% for untreated black cotton soil to 36% at 10%
waste tile content, before decreasing slightly to 34% at 15%. This initial increase can be
attributed to the pozzolanic reaction of waste tiles, which requires more water for hydration.
However, the decrease at 15% waste tile addition may be due to flocculation and
agglomeration of clay particles, which reduces water retention. These trends align with

findings by Akshaya (2012), who reported similar increases and decreases in liquid limit
when ceramic dust was added to expansive soils.

The plastic limit of black cotton soil also increased with the addition of waste tiles, from 22%
in the untreated soil to a peak of 34% at 5% waste tiles. Beyond this, the plastic limit
decreased, reaching 29% at 15% waste tiles. This trend is consistent with the work of Gerald
and Shahriar (2000),who observed that while the liquid limit can either increase or decrease,
the plastic limit generally increases with the introduction of stabilizing agents. Rakhil and
Devi (2016) reported similar findings when waste ceramic dust was added to expansive soils.
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Fig. 6: Atterberg Limit results of stabilized black cotton soil

4.2  Results of Shear Strength for Stabilized black cotton soil

The shear strength test results for stabilized and un-stabilized black cotton clay soil, obtained
through direct shear testing, are presented in Table 3. The results indicate that the soil's
cohesiveness (C) was zero for all percentages of waste tile addition. However, the internal
friction angle (¢) was significantly enhanced with the addition of waste tiles.

In general, the internal angle of friction (¢) of the black cotton soil increased with the
addition of waste tiles, particularly at the 10% and 15% replacement levels compared to the
un-stabilized soil. This improvement in the internal friction angle suggests that the addition of
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waste tiles up to 15% enhances the shear strength of the stabilized soil, indicating a higher
quality of stabilization.

Similar findings were reported by Kapil and Ameta (2016), who studied the stabilization of
fine sand with ceramic tile waste as an admixture in embankment construction. They found
significant improvements in the engineering properties of the sand, including an increase in
the angle of internal friction as the quantity of waste ceramic tiles increased. Venkatesh,
Heera, and Rakesh (2018) also observed significant improvements in the strength properties
of black cotton soil when stabilized with calcium carbide residue. Similarly, Anand and
Vageesh (2017)reported an increase in both the angle of internal friction (¢) and the cohesion
(C) values when varying concentrations of plastic waste were added to the soil.

Table 3: Results of cohesion, angle of internal friction andshear strength of the stabilized
black cotton soil.

Percentage Addition Cohesion Angle of internal Shear strength
of waste tiles (%) (KN/m?) Friction (¢) (KN/m?)
0 5 22 45.40
5 0 22 40.40
10 0 35 46.63
15 0 30 57.74

4.3  Results of Compaction test

The results of the Maximum Dry Density (MDD) and Optimum Moisture Content (OMC)
from the compaction tests for both treated and untreated black cotton soil are presented in
Table 4. The addition of waste tiles led to an increase in the OMC of the stabilized black
cotton soil, with slight fluctuations in MDD across the different percentages of waste tile
addition.

The increase in OMC can be attributed to a reduction in the amount of free silt and clay,
which lowers the surface area of the soil particles, thereby reducing the water required for
compaction. However, the MDD showed a decrease at the 5% waste tile addition, followed
by an increase at 10% and 15% waste tile content. This behavior could be due to changes in
particle size and the formation of clusters as a result of the flocculation-agglomeration
process, which alters the texture of the soil. These changes in particle structure likely reduced
the void ratio, leading to an irregular increase in MDD and a corresponding increase in
moisture content for the soil mixture.

Table 4: Results of compaction test for treated and untreated stabilized black cotton soil.

Percentage Addition | MDD (g/cn®) OMC (%)
of waste tiles (%)

0 1.98 7.4
5 1.77 10.0
10 2.20 12.2
15 2.51 17.8
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4.4 California bearing ratio test results

The results of the Un-soaked and Soaked CBR tests for the stabilization of black cotton soil
with varying percentages of waste tiles are presented in Table 5. It was observed that the Un-
soaked CBR values were higher than the soaked CBR values at both 5% and 10% waste tile
additions. At 15% waste tile content, both the soaked and un-soaked CBR values remained
constant, with the soaked CBR being slightly higher than the un-soaked at 10%.

This variation can be attributed to the chemical and cementation effects induced by the waste
tiles, which may have altered the structural composition of the black cotton soil. In general,
the results indicated that the soaked CBR was higher than the un-soaked CBR at both 0% and
10% waste tile additions. However, at 5% stabilization, the un-soaked CBR value was greater
than all soaked CBR values.

The study shows that up to 15% waste tile addition had minimal or no significant effect on
the stabilization of the black cotton soil bricks, suggesting that higher percentages of waste
tiles might not yield further improvements in CBR performance.

Table 5: Results of soak and un-soak CBR at different percent of CKD and OPC

Stabilization
Percent Soak Un-soak
(%) MDD MDD OMC
0 9.06 8.01 9.06
5 9.06 10.6 9.82
10 9.82 9.44 7.55
15 9.06 9.06 9.1

45  Compressive Strength of black cotton clay Bricks

Figure 9 illustrates the average compressive strength of black cotton clay bricks at 7 days of
curing. The compressive strength at the control level (0% waste tiles) was 2.63 MPa. At 5%
waste tile replacement, the compressive strength decreased to 2.09 MPa. However, the
highest compressive strength of 3.40 MPa was achieved at 15% waste tile addition.

The results further show that at 14 days of curing, the compressive strength of the bricks
increased with the addition of waste tiles. For example, the compressive strength at 0% waste
tile content increased from 2.63 MPa to 2.79 MPa. This indicates a progressive improvement
in the compressive strength of the bricks as the percentage of waste tile powder was
increased, particularly at higher levels of waste tile incorporation.
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Fig. 7: Results compressive strength of brick specimens
4.9 Water Absorption Test

Figure 10 presents the results of the water absorption test, showing the time duration for
which the bricks resisted water before dissolution. The results indicate that the brick
specimens containing 15% waste tile powder exhibited the highest resistance to water
absorption, with a dissolution time of 19.15 minutes. In contrast, the control specimens (0%
waste tiles) had the lowest resistance, with a dissolution time of 7.40 minutes.

0% 5% 10% 15%
Percentage of Waste tiles admixture

20 -

Time (Mins)
= =
o ol
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1

Fig. 8: Time taken for the bricks to dissolve in water

5.0 Conclusions

Based on the experimental investigations and the results obtained, the following conclusions
can be drawn:
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1. The addition of waste tiles led to an increase in the liquid limit of black cotton soil.
Specifically, a 5% addition resulted in a 5.7% increase, while a 15% addition caused a
2.9% increase.

2. The Maximum Dry Density (MDD)of black cotton soil decreased at 5% waste tile
addition, but it increased by 10% and 21% at 10% and 15% waste tile content,
respectively. This suggests that the higher waste tile content leads to denser soil packing
due to particle agglomeration.

3. Optimum Moisture Content (OMC): An increase in OMC was observed across all waste
tile percentages, indicating that higher amounts of waste tiles require more moisture for
optimal compaction.

4. The California Bearing Ratio (CBR)value of the black cotton soil showed significant
improvement with the incorporation of waste tiles, highlighting the positive effect of
waste tiles in enhancing the soil's strength and stability.

6.0 Recommendations

1. Optimization of Waste Tile Proportions: Although the current study demonstrated that
the incorporation of waste tiles enhances brick strength, further research should explore
the use of higher percentages of waste tiles. This would help determine the optimal
proportion for maximizing strength and improving other mechanical properties.

2. Assessment of Heat Resistance: Future studies should investigate the heat resistance of
the stabilized bricks. This will provide essential data on their suitability for use in
environments with high-temperature exposure or in construction applications that
demand thermal stability.

3. Long-Term Durability and Water Absorption: It is recommended that further research be
conducted to evaluate the long-term effects of increasing waste tile content on the water
absorption and overall durability of the stabilized black cotton soil bricks. This will help
assess the sustainability of these bricks, particularly in regions with high moisture
exposure.
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