
101  africanscholarpublications@gmail.com                                                                               

 2022 

 

 

 

 

 

The Effect of Lime Variation on Index and 

Compaction Characteristic of a Clay Soil Using 

Three Different Compactive Efforts 

 

*Adamu Umar Adamu; Sabo Bala; & Adamu 

Muhammad Isa 

**Department of Physical Planning, Federal University of kashere, 

Gombe State, Nigeria. **Department of Civil Engineering, Modibbo 

Adama University Yola. 

 

 

Abstract 
This paper presents the influence of lime variation on index and compaction 

characteristic of a clay soil using three different compaction energy with a 

view to ameliorating the problems pose by this soil to civil engineering 

structures such as road, building, foundation and embankments. The clay 

soil was classified as A-7-5 (29) and CH according to the American 

Association of State Highway and Transport Officials (AASHTO) and the 

Unified Soil Classification System (USCS). XRD result revealed that three 

strongest peaks numbered 1,2 and 7 yielded two theta(2ϴ) values of 

18.24970,24.02030 and 47.53500 respectively, which showed the prevalence 

of kaolinite and chlorite clay minerals with mixtures of chrysotile and other 

minerals. The clay soil was stabilized with 0,2,4,6 and 8% hydrated lime by 

weight of the dry soil. laboratory tests such as Atterberg limit, free swell, 

linear shrinkage, specific gravity, sieve analysis, compaction test using 

three different compactive effort of British standard light (BSL), British 

standard Heavy (BSH) and West African Standard (WAS) were carried out. 

The result revealed that there is a decreasing trend in the free swell and 

linear shrinkage with increase in the concentration of lime. This could be 

attributed to the mineralogy and mechanical bonding between the clay 
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lattice. The result also showed that the addition of small amount of lime to 

clay soil have a significant effect to the clay soil by altering the physical 

and mechanical properties such as swelling, shrinkage potential and 

compaction characteristic of the soil. the beneficial effect of lime addition 

to the soil is that it decreases the free swell potential, shrinkage and 

maximum dry density and increase the optimum moisture content of the soil 

with increase in lime concentration. A One- way analysis of variance 

(ANOVA) test performed on the generated data also confirmed that addition 

of prescribed amount of lime significantly altered the engineering 

properties of the clay soil. 

 

Key words: Clay soil, Lime, index properties, compaction, free swell, linear 

shrinkage and compactive effort 

 

 

Introduction 
With the emergence of insurgency in 

the northeastern part of Nigeria, there 

seems to be a rapid migration and 

urbanization in Bauchi Township, 

which give rise to an increase in 

Housing developments, with 

consequential reduction in most 

favourable construction ground for 

new infrastructures. Since most of the 

favourable areas have been occupied, 

marginal lands are fast developing; 

and most of these areas are largely 

covered with shrink- swell soils.    

These soil are dominantly clay in 

nature, with   high plasticity, thus 

resulting to severe volume changes. 

The cyclic wetting and drying of this 

soil result to structural deformation of 

structural members built on such soils 

(Murthy, 2002). The engineering 

behaviour of a soil in general is a 

function of its overall grain size 

distribution, mineralogy, mode of 

deposition and subsequent history of 

stressing and weathering (Murthy, 

2002). The specific features of each of 

these phases in isolation and its 

physical, chemical and mechanical 

properties determine the overall 

properties of the soil which include 

expansion and contraction (Brook, 

2009). Engineering problem relating 

to expansive soil have been reported 

in many countries of the world, but are 

more severe in the arid and semi- arid 

regions (Murthy, 2005). As a result, 

highly reactive soils undergoes 

substantial volume changes associated 
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with shrinkage and swelling processes (Kassiff and Baker, 2010).    When 

clayey soil is partially saturated, there is an increase in volume with change in 

moisture condition, and upon drying, it shrink greatly and developed cracks on 

the surface (Chen, 1998). 

These soils that exhibit such tendencies include: the peat clay found in the 

south-west Nigeria, the black cotton soil and the Sokoto shale found in many 

parts of northern Nigeria, there colour vary from dark grey to black and easily 

recognize in the field either during dry or wet season due to visible cracks 

formation on the surfaces.  The maximum width of these cracks may extend 

upto 20mm or more and goes   deeper into the ground (Shridharam and Gurtug, 

2002). 

A lump of dry black clayey soil requires a hammer to break, which during the 

raining season could become very sticky and so difficult to traverse. If a 

structure is built during dry season with the foundation lying within the unstable 

zone, the base of the foundation may experience a swelling pressure, with the 

partially saturated soil becoming moist during the wet season. This swelling 

pressure is due to the constraints offered by the foundation (Muhammed et al., 

2014). If the impose bearing pressure on the foundation due to the structure is 

less than the swelling pressure, the structure is likely to be lifted up leading to 

cracks in the structure. On the contrast, if the impose bearing pressure is greater 

than the swelling pressure there will   be no problem for such structure, unless 

if the structure is built during the wet season. In this case, it would definitely 

experience settlement at the approach of   dry season whether the impose 

bearing pressure is high or low. However, (Murthy, 2002), observed that the 

imposed bearing pressure during the wet season would be within the allowable 

bearing pressure of the soil. 

In other to ameliorate the problems pose by shrink-swell soils, it is therefore 

necessary to improve the engineering properties of the existing soil before 

structures are placed on them. Some of the commonly used method for soil 

improvement include: mechanical compaction, dynamic compaction, 

vibroflotation, preloading, sand and stone column, use of admixtures, injection 

of suitable grouts and use of geotextiles (Murthy, 2002). However, the materials 

generally used in large proportion for soil stabilization are cement, lime and 

bitumen. Although, the proven performance of lime and Portland cement in 

modification of problem soils is affected by the cost of blending soil (Ikara et 

al., 2015). In order to abate the cost of road base stabilization, one reasonable 
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alternative is to mix the soil-lime or soil-cement blends with requisite amount 

of admixtures (Matawal, 1991). 

 

Materials   and Methods 

Materials 

Clay Soil 

Five different soil samples were collected from 5 trial pits at intervals of 

100metres and at a depth of 1.0 -1.5m around Unguwan Sarakuna in Bauchi 

township (latitude 100 21I N and longitude 90 51I 12IIE) off Maiduguri road 

Bauchi, Nigeria. The soil samples were collected by disturbed sampling method 

and transported to the laboratory in polythene bags to avoid moisture lost. 

 

Hydrated Lime 

The commercial grade of the hydrated lime consists of 60-98% calcium 

hydroxide (Ca(OH)2) and 0.58% silica which was used for the purpose of this 

study with about 0-8% by dry weight of the clay soil. It is sourced locally from 

supplier in Bauchi township area of Bauchi state.  

 

Water  

Pipe borne water used for the preparation of the sample specimen, which varied 

from 12-20% by weight for purpose of compaction, was obtained from pipe 

water source. 

 

Methods 

Sample Preparation 

All the tests were carried out on both the natural and stabilized soil samples, in 

accordance with BS 1377, (1990) and BS 1924, (1990).  

The tests carried out   included: natural moisture content, index properties; 

particle size distribution, linear shrinkage Free swell and specific gravity. 

Mineralogical and oxides composition tests were carried out using X-ray 

diffraction (XRD) and X-ray Fluorescent (XRF) respectively. The compaction 

tests were carried out using   three   different compaction energies of; British 

Standard Light (BSL), British Standard Heavy (BSH) and West African 

Standard(WAS) respectively.  
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Experimental Design 

Eight sample specimens of the soil with the stabilizer and admixtures were 

prepared for each of the tests conducted. The mixes consisted of 2,4, 6, and 8% 

lime. The tests were carried out first on the unstabilized soil specimens, with 

the index and compaction properties of the soil evaluated, then lime was added 

to the soil at 2,4,6, and 8% by weight of the soil and the engineering properties 

was also determined. The details of the mix proportions are depicted in table 1. 

 

Table 1:  Proportion of soil – lime mixes 

S/N Soil specimen (%) Lime (%) 

1 100 0 

2 100 0 

3 100 0 

4 100 0 

5 98 2 

6 96 4 

7 94 6 

8 92 8 

 

Table 2: Details of Compaction Test Procedures 

                                                          COMPACTIVE   EFFORTS 

    Compaction methods B S L    BSH WAS 

Volume of  the mould  (cm3) 1000 1000 1000 

Weight of rammer (kg) 2.5 4.5 4.5 

Height of fall (mm) 300 450 450 

Number of layers 3 5 5 

Number of blows 27 27 10 

Impact energy (J) 640 2885 2885 

 

Result and Discussion 

Mineralogical Composition of the Clay Soil 

X-ray Diffraction 

The clay mineralogy of the soil was qualitatively determine using the X-ray 

diffraction (XRD) equipment at the National Steel and Raw Material 

Exploration Agency, Malali, Kaduna, Nigeria. XRD result revealed that the 
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three strongest peaks numbered 1,2 and 7 yielded two theta(2ϴ) values of 

18.24970,24.02030 and 47.53500 respectively. The clay soil showed the 

prevalence of kaolinite and chlorite clay minerals with mixtures of chrysotile 

(Magnesium silicate hydroxide), Hematite (iron oxide), Xenotlite (Calcium 

silicate hydrate), Quartz and Potassium, Magnesium and Aluminum silicate. 

The X-ray diffractograph of the clay is shown in figure 2. 

 

 
Figure 2: X- ray diffractograph of the clay soil 

 

Oxide Composition of Hydrated Lime 

X – ray fluorescence for hydrated lime 

X – ray fluorescent has been widely used to determine the elemental 

composition of minerals, XRF is the emission of characteristic (secondary x-

rays) from material that has been excited by bombardment with high energy x-

rays or gamma rays. this phenomenon is widely used for elemental and chemical 

analysis particularly in the investigation of metals, ceramics and building 

materials etc. XRF for the lime material was carried out at the National Steel 

Raw Material Exploration Agency in Malali, Kaduna, Nigeria. The result 

showed that the major chemical compositions are CaO, Al2O3, Fe2O3, MgO, 

SiO2, K2O, N2O, SrO3 and MnO. Almost all additives contain some amount of 

colloidal oxide and hydroxide. the oxide and hydroxide of aluminium, iron and 

silicon are of greatest interest since they are the ones most frequently 
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encountered (Kundiri et al., 2016). the main chemical components of hydrated 

lime are presented in table 3  

 

Table 3: Oxide Composition of Hydrated Lime from XRF Analysis 

Oxides % Composition (%) 

𝐶𝑎𝑂  66.22 

𝑆𝑖𝑂2 0.58 

𝐴𝑙2𝑂3 19.09 

𝐹𝑒2𝑂3 7.03 

𝑀𝑔𝑂 2.05 

𝑁𝑎2𝑂 0.09 

𝐾2𝑂 0.16 

𝑆 1.89 

𝑃 0.19 

𝑆𝑟𝑂3 0.15 

𝑇𝑖2𝑂 0.81 

𝑀𝑛𝑂 0.13 

 

Index Properties of Natural Clay Soil 

 Index properties test were carried out to provide useful information for soil 

identification, classification and assessment of the engineering properties of the 

clay soil. table 4 showed the index properties of the soil sample unstabilized. 

 

Table 4: Index Properties of the Natural Clay Soil 

Location  10021I18IIN 0090 51I1.14IIE 

Natural moisture content (%) 14.60 

Specific gravity 2.46 

linear shrinkage (%) 4.29 

Free swell (%) 90 

Liquid limit (%) 54.6 

Plastic limit 31.9 

Plasticity index 22.7 

Percentage passing BS NO 200 76.2 

Consistency index 1.75 
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Liquidity index -0.75 

Percentage clay fraction 18 

Percentage sand  14.2 

Percentage silt 5.2 

Activity 1.26 

AASHTO soil classification A-7-5 (19) 

USCS  soil classification system CH 

Group index 19.02 

NBRRI classification Medium swell 

Colour Dark brown clayey soil 

 

Influence of lime variation on Index Properties of Clay Soil 

Effect of Hydrated lime on Atterberg Limits for Clay Soil 

From the result shown in Table 7, there was a little increase in liquid limit of 

the lime treated soil from 54.6to 69.6% with a dose of 0 to 8% lime. This small 

increase in liquid limit was attributed to the interaction between the mineral 

constituent present in the hydrated lime and the natural clay soil. The plastic 

limit of the clay soil decreases as the percentage of the lime increases. This 

reduction in plastic limit can be ascribed to the increasing granular nature of the 

clay soil with hydrated lime (Beeghly, 2003). 

However, the plasticity index increases   from 22.7 to 37.3% were as 

consistency   index of the soil decreases as the lime content increases from 0 to 

8%. The effect of hydrated lime on the Atterberg limit of this soil is 

instantaneous with the calcium ions of the lime owing to a substantial reduction 

in the consistency of the clay soil which made it more friable and workable. The 

particles undergo flocculation to form aggregates and behaved like particle of 

silt (Lasled and Almukhtar 2008). Figure 3 shows the effect of varying lime 

content with Atterberg limits for the clay soil. 

 

Table 7: Summary of index Index Properties of Lime Stabilized Clay Soil 

Index properties Lime Content (%) 

 0 2 4 8 10 

Liquid limit   (%) 54.6 56.1 64.1 67.0 69.6 

Plastic limit   (%) 31.9 32 30 29.7 32.2 

Plasticity index   (%) 22.7 24.1 34.1 37.3 37.3 
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Consistency index  1.76 1.72 1.45 1.40 1.47 

Liquidity index   -0.76 -0.72 -0.45 -0.40 -0.61 

Linear shrinkage (%) 16 11 9 6 4 

Free swell (%) 90 82 76 63 47 

 

 
Figure 1:  Variation of Atterberg limits with Lime Content 

 

Influence of Lime Variation on Free Swell and Linear Shrinkage 

The untreated soil has a free swell of 90% indicating that the soil has high 

swelling potential upon absorption of water. On addition of 4-8% lime to the 

soil, there is a decrease in free swell from 90 to 47% for the natural soil. This 

decrease in swell volume might be attributed to the aggregation of the clay 

particles reacting with the lime (Ahmed and Adil, 2015). Similarly, the linear 

shrinkage of the untreated soil showed a decrease of 16 - 4%, upon the addition 

of hydrated lime from 0 to 8%. Figure 6 shows the variation of free swell and 

linear shrinkage of the soil with lime content.  
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Figure 2: Variation of Volume change with Lime content 

 

Compaction Characteristic 

The clay soil when compacted at the compactive efforts of BSL, WAS and BSH 

yielded MDD values of 1.49,1.66 and 1.73 Mg/m3 with corresponding OMC 

values of 21.8, 19.4 and 18.6% respectively, as shown in Figure 9. The 

maximum dry density of the soil increases with a corresponding decrease in 

optimum moisture content of the natural clay soil. Abichou et al (2000), showed 

that an increase in MDD result to a corresponding decrease in OMC for soil 

compacted at the energy level of Modified Proctor, Standard Proctor and 

Reduced Proctor. The finding in this work is in agreement with a number of 

researchers include (Daniel and Benson, 1990; Daniel and Wu, 1993; Osinubi 

and Nwaiwu, 2005). The particle size distribution curve in figure 1 shows that 

the gradation of the clay soil is well graded 
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Figure 3: Particle size distribution curve for the natural clay soil 

 
Figure 4: Moisture density relation for the natural clay soil 
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Effect of Hydrated Lime on Compaction Characteristics  

From figure 5,6,7 and 8, It could be seen that with the addition of 0 to 8% lime 

contents to the clay soil, the maximum dry density (MDD) decreased with 

compaction energy from BSL, WAS and BSH. This work agrees with the earlier 

investigations by (Pratima et al.,2015) this behaviour is exhibited in figure 10 

to 13. The optimum moisture content (OMC) increase with the compaction 

energy from BSL, WAS and BSH respectively. This changes exhibited is an 

indication of the improvement of the moisture density relation of the lime 

stabilized clay. This is consistent with the study conducted by (Umesha et al., 

2009 and Asma and Darius 2013). The reduction in dry density is due to the 

agglomerated and flocculated particles of soil occupy larger spaces. The 

increase in optimum moisture content (OMC) is due to the fact that lime require 

more water for the pozzolanic reactions. 

 

Table 5: Compaction Characteristic of Lime Stabilized Clay Soil 

Compaction           BSL                 BSH    WAS 

 LIME (%) OMC(%) MDD(𝑀𝑔/

𝑚3) 

OMC(%) MDD(𝑀𝑔/

𝑚3) 

OMC(%) MDD(𝑀𝑔/

𝑚3) 

 0 21.80 1.49 18.60 1.73 19.4 1.66 

 2 22.91 1.43 19.30 1.69 20.41 1.61 

 4 23.40 1.40 21.20 1.66 20.67 1.59 

 6 24.40 1.37 21.83 1.57 21.50 1.53 

 8 24.80 1.36 23.50 1.51 22.10 1.45 

 

 
Figure 5: Variation of Dry density with moisture content for 2% lime  
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Figure 6: Variation of Dry density with moisture content for 4% lime 

 

 
Figure 7: Variation of Dry density with moisture content for 6% lime 
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Figure 8: Variation of Dry density with moisture content for 8% lime 

 

  
Figure 9: Variation of MDD with Lime content for different compaction 

energies 
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Figure 10: Variation of OMC with Lime content for different compaction 

energies 

 

Analysis of variance 

Table 6: Descriptive statistic  Of MDD for lime stabilized clay soil   

 

             

N Mean 

Std. 

Deviation Std. Error 

95% Confidence 

Interval for Mean 

Minimum Maximum 

Lower 

Bound 

Upper 

Bound 

 

BSL 
5 1.4100 0.05244 0.02345 1.3449 1.4751 1.36 1.49 

 

WAS 

      

5 
1.5680 0.08075 0.03611 1.4677 1.6683 1.45 1.66 

 

BSH 

     

5 
1.6320 0.09011 0.04030 1.5201 1.7439 1.51 1.73 

Total     

15 
1.5367 0.11956 0.03087 1.4705 1.6029 1.36 1.73 

 

One- way analysis of variance of the compaction test result were perform to 

determine the cause of variation of dry density and moisture content with lime 

contents. table 6,7,8 and 9 shows a summary of the ANOVA Test result 

obtained from SPSS version 23 statistical software.  

 

17

18

19

20

21

22

23

24

25

26

0 1 2 3 4 5 6 7 8 9

O
p

ti
m

u
m

 M
o

is
tu

re
 C

o
n

te
n

t 
(%

)

Lime Content(%)

BSL

BSH

WAS



116  africanscholarpublications@gmail.com                                                                               

 2022 

 

Table 7: Descriptive statistic  Of OMC for lime stabilized clay soil   

 N Mean 

Std. 

Deviatio

n 

Std. 

Error 

95% Confidence 

Interval for 

Mean 

Minimu

m 

Maximu

m 

Lower 

Bound 

Upper 

Bound 

BSL 
5 

23.462

0 
1.19801 

.5357

6 

21.974

5 

24.949

5 
21.80 24.80 

WA

S 
5 

20.816

0 
1.03775 

.4641

0 

19.527

5 

22.104

5 
19.40 22.10 

BSH 
5 

20.886

0 
1.97256 

.8821

5 

18.436

7 

23.335

3 
18.60 23.50 

Total 1

5 

21.721

3 
1.85836 

.4798

3 

20.692

2 

22.750

5 
18.60 24.80 

 

Table 8: Analysis of variance (ANOVA) showing the Variation of MDD with 

lime contents 

 Sum of Squares 

       

Df 

     Mean 

Square    F    Sig. 

Between 

Groups 
0.131      2       0.065 

    

11.263 
      0.002 

 

Within Groups 
0.070       12       0.006   

Total 0.200     14    

 

Table 9: Analysis of variance (ANOVA) showing the Variation of OMC with 

lime contents 

 Sum of   Squares             df Mean Square F Sig. 

 

Between Groups 22.737 2 11.368    5.326 0.022 

Within Groups 
25.613 12 2.134   

Total 48.349 14    
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Null hypothesis: Addition of lime to clay soil has no effect on maximum dry 

density and optimum moisture content of the clay soil. 

Alternative hypothesis: Addition of lime to clay soil has a significant effect on 

Maximum dry density and Optimum Moisture Content of the soil. 

According to the One-way analysis of variance (ANOVA) shown in table 6,7,8 

and 9. Table 6 and 7 present summary of the descriptive statistic for the MDD 

and OMC for the British standard light, West African standard and British 

standard heavy compaction energy with mean and standard deviation. Table 

value (table 8) with 𝑑𝑓1 = 2 and 𝑑𝑓2 = 12 at 5% level of significance equal to 

3.24. since the calculated f (11.26) is greater than f table with a p value of 0.002 

(p < 0.05) which is significant, the null hypothesis is rejected which implies that 

addition of lime to the clay soil has a significant effect on maximum dry density 

of the soil.  

however, table value (table 9)  with 𝑑𝑓1 = 2 and 𝑑𝑓2 = 12 at 5% level of 

significance equal to 3.24. Since the calculated f (5.33) is greater than f table 

with a p value of 0.022 (p < 0.05) which is significant, the null hypothesis is 

rejected and accept the alternative hypothesis. 

 

Conclusion and Recommendation 

The result of this investigation have shown that the addition of small amount of 

lime to clay soil have a significant effect to the clay soil by altering the 

engineering properties such as Atterberg limits, free swell, linear shrinkage and 

compaction characteristic of the soil. The beneficial effect of lime addition to 

the clay soil is that it decreases the linear shrinkage, swelling potential and 

maximum dry density and increase the optimum moisture content of the soil 

with increase in lime concentration. A one -way analysis of variance (ANOVA) 

test performed on the generated data also confirmed that lime content 

significantly altered the index and compaction properties of the clay soil.  
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