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Abstract 
In the tropics, laterite soil is one of the most common materials used in the construction of civil infrastructures. 

However, it sometimes contains substantial amount of fine particles that weaken its strength properties; thus, leading 

to the need for improvement in order to serve the intended engineering purpose. As such, this study is an effort to 

check the suitability of using ceramic tile waste powder for soil improvement. The ceramic tile waste powder was 

mixed with the soil at a proportion of 4, 8, 12, 16 and 20% by dry weight of the soil. Compaction was achieved using 

British Standard Light (BSL) and British Standard Heavy (BSH) energies. The index and engineering properties of 

the soil before and after the addition of ceramic tile waste powder were determined in accordance with the British 

standards. The soil sample is classified as Clayey sand with low plasticity (SC) and A-2-6(0) based on the Unified Soil 

Classification System (USCS) and AASHTO system respectively. Result of the X-Ray Fluorescence (XRF) analysis 

shows Silicon oxide as the predominant mineral present in the ceramic tile waste powder making it a strong pozzolanic 

material of class F according to ASTM, 2013. The maximum dry density increases while the optimum moisture content 

decreases as the content of the ceramic tile waste increases up to 12%. Similarly, the UCS of the soil increased from 

745 and 875kN/m2 to the optimum values of 855 and 1225kN/m2 at 12% ceramic tile powder after 28 days of curing 

for BSL and BSH respectively. The unsoaked CBR also shows an increase from the natural values of 32 and 42% to 

61 and 71% at 12% ceramic tile content for both BSL and BSH compactive energy levels. While, the soaked CBR 

increased from 11 and 15% to 28 and 33% at 12% ceramic tile content for BSL and BSH respectively. 
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1.0 INTRODUCTION 

 
Lateritic soils are the most common materials used for 

engineering construction especially in the tropical 

region. They occur naturally through chemical 

weathering of rocks under strong leaching and 

oxidizing condition, to form reddish brown soil that is 

rich in iron oxide. These soils have over the years been 

used as materials for foundations in geotechnical 

engineering. However, some lateritic soils available 

for engineering construction usually contains 

significant amount of clay deposit thus making them 

unsuitable for direct use as construction materials due 

to their excessive swelling and shrinkage properties 

while in contact with water (Oluremi et al., 

2012).Thus, the behaviour of the lateritic soil under 

loading in moisture condition is of paramount concern, 

more particularly when using the soil as a foundation. 

This is because finding alternative soil may sometimes 

prove costly or increases the project completion 

period; as such it may be better to improve the 

available soil to meet the desired objective. Without 

such improvement of the weak soil, many engineering 

structures and highway pavements fail to fulfill the 

standard requirement (Umar et al., 2013). So the 

demand for improvement of the engineering properties 

of such soil has been of great concern to geotechnical 

engineers. 

Hence, traditional ground improvement techniques, 

such as compaction, reinforcement and fixation to 

improve the engineering properties of natural soil to 

make it adequately serve an intended engineering 

purpose (Karol, 2003) are sometimes not suitable for 

large volume treatments. This is because they often 

require substantial amounts of energy for material 

productions and applications which may considerably 

affect the environment. They also have limitations 

with regards to treatment range and involve significant 

cost implications. Therefore, the need for 

environmentally friendly and sustainable techniques of 

soil improvement continues to increase. A common 

soil improvement technique is the use of chemical 

grouting due to its economic benefits. It is usually 

achieved with a variety of additives including cement, 

lime, asphalt, sodium silicate, lignin, urethane and 

resins. Though many of these additives have proved 

successful in improving the engineering properties of 

the soils, some often may contaminate the soil and 

groundwater (DeJong et al., 2006; Karol, 2003). These 

approaches create environmental concerns over their 

field application and are increasingly under the 

scrutiny of public policy and opinion; in fact all 

chemical grouts except sodium silicate are toxic and/or 

hazardous (DeJong et al., 2010; Karol, 2003). Hence, 
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recent trend in soil improvement techniques dwelled 

on the utilization of waste, agricultural and industrial 

by-products such as fly ash, bagasse ash, rice husk ash 

and ceramic tile waste to stabilize marginal soil for 

engineering construction purposes.  

Ceramic tile waste; the material for this research was  

earlier made as pottery objects  

from clay, either by itself or when mixed with other 

materials like silica and feldspar. Later with 

advancement, they were glazed and fired to create 

smooth, colored surfaces with decreasing porosity. 

Binici (2007) revealed that about 30% of daily 

production in the ceramic industry goes to waste, 

precisely during formation, transportation and placing 

of ceramic tiles. Hence, the need to consider this 

industrial waste for utilization in other engineering 

applications.  

 

 

 

It was reported by Rani et al. (2014) that soil 

stabilization with the use of such ceramic tiles as 

admixture has great potential in construction industry 

in addition to its sustainability and cost-effectiveness; 

the technique can also overcome the disposal problem. 

It was similarly reported by Ameta et al. (2013) that 

the geotechnical properties of soils can be substantially 

improved by using waste ceramic dust. (Raghudeep et 

al., 2015) also evaluated the effect of tile waste on clay 

soil; which shows improvement in the index and 

strength properties of the soil. Hence, this study will 

evaluate the potentials of using ceramic tile waste 

powder to improve the geotechnical properties of weak 

lateritic soil. 

 

 

 

2.0 MATERIALS AND METHOD 

2.1 Laterite 
The lateritic soil sample was collected at a depth of 

1.5m from an existing burrow pit in Bichi Local 

Government Area of Kano State, Nigeria. The sample 

was then air-dried and lumps were broken to obtain 

appropriate particle sizes for testing. The 

mineralogical composition of the soil was then 

determined using X-Ray Diffraction (XRD) analysis. 

2.2 Ceramic Tile Waste 

Broken ceramic tile wastes were collected from a local 

supplier. These tiles were mostly broken during 

transportation and placement process. The broken tile 

wastes were further made into powder form by hand 

ramming. Figure 1 shows the images of broken and 

powdered ceramic tile wastes.

 

 
Figure 1 Images of broken and powdered ceramic tile waste 

 
2.3 Sample preparations for ceramic tile waste 

powder stabilization 

Ceramic tile waste powder was prepared and mixed 

with the soil at a proportion of 4, 8, 12, 16 and 20% by 

dry weight of the soil. The specimens were thoroughly 

mixed with water to the optimum moisture content of 

the soil samples and compacted to their respective 

maximum dry densities for both BSL and BSH 

energies. The prepared mixtures were cured for 3, 7, 

14 and 28 days before UCS and soaked for 24 hours 

before CBR tests were conducted. However, some 

specimens were tested immediately for UCS and CBR 

after treatment before curing and soaking respectively.  

 

2.4 Atterberg limits 

Atterberg limits tests include the determination of the 

liquid limit, plastic limit and the plasticity index for the 

natural soil and the ceramic tile waste treated soil. 
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These tests were also conducted in accordance with the 

procedures outlined in BS 1377 (1990) Part 2. 

 

2.5 Compaction test  

The compaction test was conducted on the natural soil 

and the ceramic tile waste treated soils in accordance 

with the procedures outlined in BS 1377 (1990) Part 4; 

using the British standard light (BSL) and British 

standard heavy (BSH) energies. For both BSL and 

BSH, the maximum dry densities and optimum 

moisture content were determined for the soil before 

and after treatment with ceramic tile waste powder. 

 

2.6 California bearing ratio (CBR) 

The California bearing ratio test was also conducted in 

accordance with the procedures outlined in BS 1377 

(1990) for both natural and treated soils. The CBR was 

expressed as the force exerted by a plunger and the 

depth of its penetration into the specimen; and it was 

aimed at determining the relationship between the 

force and its penetration into the soil specimen. All the 

soil ceramic tile mixtures were compacted to their 

maximum dry densities before testing. 

 

2.7 Unconfined compressive strength 

The soil - ceramic tile waste powder mixtures were 

compacted into a 50mm diameter and 100mm height 

steel mould to its maximum dry density. The soil - 

ceramic tile waste powder mixtures were then 

extruded and cured for 3, 7, 14 and 28 days before 

testing. However, some specimens were tested 

immediately after treatment before curing. 

 
3.0 RESULTS AND DISCUSSIONS 

 

3.1 Index and engineering properties of the 

soil 

Results of the index properties tests conducted on the 

natural soil showed that the soil is more of coarse-

grained particles and was classified as Clayey sand of 

low plasticity (SC) and A-2-6(0) based on the Unified 

Soil Classification (USCS) and AASHTO Systems 

respectively. The particle size distribution curve of the 

soil is shown in Figure 2 and the index and engineering 

properties are summarized in Table 1.  

 
Table 1 Index and engineering properties of the soil 

Properties Quantity 
% passing No.200 sieve 25.35 

Natural moisture content (%) 18.96 

Liquid limit (%) 38.3 

Plastic limit (%) 15.4 

Plasticity index (%) 22.9 

Specific gravity (%) 2.51 

AASHTO classification A-2-6(0) 

USCS SC 

MDD  (Mg/m3)  

British standard light 1.72 

British standard heavy 1.82 

OMC (%)  

British standard light 16.9 

British standard heavy 14.0 

CBR Unsoaked (%) 32 

CBR Soaked (%) 11 

UCS (kN/m2) 

British standard light 

 

745 

British standard heavy 

Colour 

875 

Reddish brown 

 

 
Figure 2 Particle size distribution curve of the soil 

3.2 Mineralogical Composition of the Soil 

The mineralogy of the soil sample was quantitatively 

analyzed using X-Ray Diffraction Analysis (XRD) at 

National Geo-science Research Laboratory (NGRL), 

Kaduna. The result shows the soil sample contain 

calcite, quartz, mica, kaolinite and feldspar as shown 

in Figure 4. This indicates the predominance of sand 

in the soil sample and kaolinite as the major clay 

mineral in the soil. Figure 3 shows the mineralogical 

composition of the soil. 
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Figure 3 Mineralogical Composition of the Soil 

3.3 Chemical Composition of ceramic tile 

waste powder  

The chemical composition of ceramic tile powder used 

in the study was determined by the method of X-Ray 

Fluorescence. The oxides compositions are shown in 

Table 2. From the results obtained, it was found that 

ceramic tile powder contains more than 70% of 

combined silica, alumina and ferric oxide as such 

ceramic tile waste is classified as class F pozzolana 

according to ASTM, 2013. Table 2 present the 

chemical composition of ceramic tile waste powder. 

 

Table 2 Chemical composition of ceramic tiles waste 

Oxide Compositions (%) 

Silica (SiO2) 76.5 

Alumina (Al2O3) 0.0001 

Iron oxide (Fe2O3) 8.991 

Manganese oxide (MnO) 0.003 

Potassium oxide (K2O) 2.1 

Lime (CaO) 3.75 

Zinc oxide (ZnO) 0.124 

Copper oxide (CuO) 0.032 

LOI 5.5 

 

3.4 Liquid limit 

It was observed that the liquid limit decreases with the 

addition of ceramic tiles powder from 38.3% for the 

natural soil to 20.3% at 12% ceramic tile waste 

content. It then increased with much higher contents of 

the ceramic tiles powder beyond 12%. The decrease in 

the liquid limits may be due to flocculation and 

agglomeration arising from cation exchange reactions. 

Whereby, the observed increase in liquid limit at 

higher ceramic tile content beyond the 12% could be 

due to the increase in fine particles within the soil mass 

that require more water to complete hydration and the 

subsequent pozzolanic reactions. The observed pattern 

of decrease and increase in liquid limit value is in 

agreement with the findings reported by Summayya et 

al. (2016) and Neeladharan et al. (2017).  

 

 

3.5 Plastic limit 
Plastic limit of the soil increases with increase in the 

ceramic tiles waste powder from 15.4% at 0% tile 

waste content to 17.9% at 12%. Thereafter, the plastic 

limit decreased with much higher content of the 

additives. The initial increase in the plastic limit may 

be attributed to the aggregation and agglomeration of 

the fine particles as a result of the pozzolanic reaction 

between the tile waste powder and the clay particles of 

the soil. The decrease in the plastic limit after 12% 

addition of the tile waste powder was due to the 

increase in surface area caused by higher amount of the 

additive, thereby making the pozzolanic reaction to 

require more water for hydration to complete. The 

observed reduction in plastic limit value is in 

agreement with the findings reported by Summayya, et 

al. (2016) and Neeladharan, et al. (2017). 

 

 
 

Figure 4 Variation of Atterberg limits with ceramic 

tile waste content 
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3.6 Plasticity Index 

The plasticity index of the natural soil decreased from 

22.9% to 2.7% at 12% ceramic tile waste content. This 

may also due to cation exchange resulting in the 

reduction of the soil plasticity. Figure 4 shows the 

variation of Atterberg limits with ceramic tile waste 

content. 

 

 

 

3.7    Maximum dry density 

The variation of maximum dry densities (MDD) of soil 

with ceramic tile waste content for the two compactive 

efforts; British Standard Light (BSL) and British 

Standard Heavy (BSH) respectively, are presented in 

Figure 5. It was observed that the MDD increased with 

the increase in the content of the ceramic tile waste for 

the two energy levels considered. The MDD increased 

from 1.72 Mg/m3 to 1.81 Mg/m3 and 1.82 Mg/m3 to 

1.92 Mg/m3 for both BSL and BSH respectively at 

12% ceramic tile waste content before experiencing a 

reduction in the MDD at higher ceramic tiles content. 

This could be due to the pozzolanic reactions that lead 

to flocculation and agglomeration of particles that 

subsequently increased the stiffness of the soil. These 

findings are in good agreement with the studies 

reported by Oriola and Moses (2010). 
 

 
 

Figure 5 Variation of MDD with ceramic tile 

waste powder  

3.8   Optimum moisture content 

The variations of optimum moisture content (OMC) of 

the soil with ceramic tile waste for BSL and BSH 

compactions are shown in Figure 6. The OMC 

decreased from 16.9 and 14.0% to 14 and 10% for BSL 

and BSH compactive energies respectively at 12% 

ceramic tile waste before experiencing an increase in 

the OMC at higher ceramic tiles content. This is in 

conformity with the findings of (Oriola and Moses, 

2010; Oriola and Moses, 2011)  as well as Kumar and 

Puri (2013). 

 

 
 

Figure 6 Variation of OMC with ceramic tile waste 

powder 

3.9     California bearing ratio 

The variations of the CBR of the soil with ceramic tile 

waste powder for the two energy efforts used are 

presented in Figures 7 and 8. It was observed that the 

unsoaked CBR of the natural soil using BSL energy 

increased from 32% to 61% at 12% ceramic tile waste 

content after which it decreased at higher content 

beyond 12%. Similarly, for BSH compaction; the CBR 

increased from 42% to 71% at 12% ceramic tile waste 

content and subsequently decreased beyond 12% 

ceramic tile waste content. 

    

 
 

Figure 7 Variation of CBR (Unsoaked) with ceramic 

tile waste powder 

 

The increase in the CBR may be attributed to the 

reactions between the soil and the ceramic tile powder 

that resulted in the formation of cementitious 

compound that binds the soil particles together; 

thereby improving the strength. The subsequent 

decrease could be due to the increase in surface area 

caused by higher amount of the ceramic tiles that 

requires more amount of water for the pozzolanic 

reaction to complete. Similarly, there were increased 

in the soaked CBR with increase in the ceramic tiles 

content with peak values of 28 and 33% recorded for 

BSL and BSH compactive efforts at 12% ceramic tile 

waste content respectively. 
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Figure 8 Variation of CBR (Soaked) with ceramic tile 

waste powder 

 

The reduction with respect to the soaked CBR value 

was due to the ingress of water into the specimen when 

it was soaked for 24 hours that weakened and reduced 

their strength.  

 

3.10 Unconfined compressive strength 

The variations of UCS of the soil with ceramic tile 

waste powder after 28 days of curing are shown in 

Figure 9. The UCS for BSL compactive effort 

increased from 745kN/m2 to 977kN/m2 after 28 days 

of curing at 12% ceramic tile waste content while that 

of BSH compactive effort increased from 875kN/m2 to 

1225kN/m2 at 12% ceramic tile waste content. 

However, subsequent addition of ceramic tile waste 

content did not increase the UCS; rather decreases 

were recorded. Although, there were slight drops  in 

the UCS  values beyond 12% ceramic tile waste 

content, the results indicate that the strength of the soil 

stabilized with ceramic tile waste powder improves 

with longer curing period. This indicates the need for 

more time to allow the pozzolanic reaction between 

the ceramic tiles powder and the fine particles of the 

soil to complete (Akinmade, 2008). 

 

 
 

Figure 9 Variation of UCS with ceramic tile waste 

after 28 days curing 

 

The increase in the UCS or gain in strength was 

primarily due formation of cementitious compounds 

between the clay minerals of the soil and the 

pozzolanic material  present in the ceramic tile waste 

which form various compounds that are responsible 

for strength development (Osinubi et al., 2009). The 

trend of increased in compressive strength with curing 

period can be attributed to time dependent strength 

gain of the pozzolana. The increase was due to 

availability of sufficient water which enhanced 

hydration reaction that has contributed to the reactions 

between limes liberated from the hydration reaction of 

ceramic tile waste to form secondary cementation 

compounds (Ameta, et al., 2013). 

 

3.11      Durability Assessment 

Durability assessment of soil samples involves the 

simulation of some of the worst conditions that could 

be obtained in the field. It was evaluated by the 

immersion of the specimens in water to determine 

resistance to loss in strength which is more acceptable 

for tropical regions like Nigeria (Ola, 1974). The 

resistance to loss in strength determined as the ratio of 

the unconfined compressive strength of specimen 

wax-cured for 7days, de-waxed top and bottom to 

allow absorption of water and later immersed in water 

for 7 days. Conventionally, according to (Osinubi, 

1999) an allowable 20% loss in strength is tolerated for 

a specimen cured for 7 days and immersed in water for 

14 days.  

 

 
 

Figure 10 Variation of resistant to loss in strength 

with ceramic tile waste powder 

 

The variations of resistance to loss in strength of the 

soil with ceramic tile waste powder for the two 

compactive energies are shown in Figure 10. The 

resistance to loss in strength increased from 13 and 

21% for the natural soils compacted with BSL and 

BSH energies to peak values of 34 and 41% at 12% 

ceramic tile waste content respectively. All the peak 

resistance to loss in strength values fell short of the 
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acceptable 80%. Regardless of the difference in 

soaking periods, the specimens have not withstood the 

durability test. Therefore, Idris et al. (2019) suggested 

that in such situation, addition of other additives such 

as cement or lime in the soil to improve the durability 

might be necessary.  

 

 

4.0 CONCLUSIONS 

 

An experimental work was undertaken to investigate 

the effect of ceramic tile waste on the geotechnical 

properties of a lateritic soil. The following conclusions 

were drawn from the study. 

1. The laterite used in the study was classified as A-

2-6(0) and SC according to AASHTO and USCS 

systems. The particle size analysis shows that the soil 

sample is largely fine-grained with some gravel 

contents. Thus, the soil sample in its natural state was 

found to be unsuitable for some engineering 

applications.  

2. The plasticity properties of the soil reduced as the 

ceramic tile waste powder increases. The reduction in 

the plasticity index was due to the reduction in liquid 

limit. Specifically, the plasticity index of the treated 

soil decreased from 22.9% to 2.7% at 12% ceramic tile 

waste content. Hence, an optimum dose of 12% 

ceramic tile waste powder could be used to reduce the 

plasticity of the natural soil. 

3. The soil-ceramic tile waste combinations showed 

substantial improvement in the CBR of the soil, 

particularly at 12% ceramic tile waste content where 

the peak CBR value of 61% and 71% were obtained 

for BSL and BSH respectively. Similarly, peak soaked 

CBR value of 28% and 33% were also obtained at 12% 

ceramic tile waste content for BSL and BSH energies 

respectively. 

4. The unconfined compression tests showed 

considerable improvement in the strength properties of 

the treated soil. The peak 28 days strength of 855 and 

1225 kN/m2 were observed at 12% ceramic tile waste 

content for BSL and BSH energies respectively.  

6.  All the peak resistance to loss in strength values fell 

short of the acceptable 80%. However, the 41% 

resistance to loss in strength for BSH compactive 

efforts at 12% ceramic tile waste may be acceptable 

since the limiting value proposed was based on 4 days 

soaking and not the 7days soaking which the 

specimens of this research were subjected. 
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