
   

   

 ISSN: 2449 - 0539 
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.13 NO.2, AUGUST, 2018 

58 
 

EFFECT OF CURING PERIOD ON THE LIME FIXATION OF SOME RESIDUAL SOILS 

Murtala Umar; Gambo Haruna Yunusa and Ado Yusuf Abdulfatah 

Civil Engineering Department, Faculty of Engineering, Bayero University Kano P.M.B. 3011 Kano, Nigeria. 

 

ABSTRACT 

Lime has been successfully used as a construction material in many civil engineering constructions, particularly in 
road constructions. Its economy and ease of handling during construction are the basic factors influencing 

widespread usage in soil improvement. Hence, for efficient lime stabilization application, lime that would be added to 

the soil must satisfy an affinity of the soil for lime which is referred to as lime fixation. Thus, this study evaluates the 
effect of soil composition on the lime fixation of some residual soils. Two residual soil samples were collected from 

different locations and their mineralogical compositions were determined. The chemical compositions of the lime 

were determined using XRF analysis. Lime contents of 2, 3, 4, 5, 6, 9 and 12% by dry weight of the soils were used to 
determine the initial consumption of lime and lime fixation capacities of the two residual soils. Similar percentages 

were used to evaluate the effects of lime on the strength and plasticity of the soil samples. The results obtained 
indicated a general increase in the strength, plastic limit and liquid limit of the two residual soils as the lime contents 

increase up to 5% and 6% lime contents for samples 1 and 2, respectively. Hence, appropriate lime contents that 

satisfy the initial consumption and fixation capacities are 5% and 6% for samples 1 and 2, respectively. Hence, the 
higher the clay content of a soil the more lime is required to satisfy its lime fixation capacity. 

Keywords:Lime; Residual Soil; Lime Fixation Capacity; Plastic Limit; Liquid Limit 

1.0 INTRODUCTION 

 
Lime is one of the oldest construction materials that 

has been in use for many years especially in road 

constructions. It has also found useful in the field of 

geotechnical engineering largely a a stabilizing agent 

in problematic soils. Hence, it has been utilized 

successfully in many geotechnical engineering 

applications such as soil improvement, slope 

protection, embankments, roads and railways 

construction and many more (Rasul et al., 2017 and 

Wilkinson et al., 2010). Compared to other traditional 

soil stablizers such as cement and bitumen, lime is 

found to be cheap and ease in preparation and 

application. Therefore, economy and ease of 

construction are the basic factors that give geotechnical 

engineers upper hand in the widespread usage of lime.  

Generally, when lime is added to a soil either as 

quicklime (CaO) or hydrated lime (Ca(OH)2) two-stage 

chemical reactions take place. In the first stage 

reaction, if added, quicklime reacts with water in the 

soil to form hydrated lime with the release of heat as 

presented in Equation 1. 

 

CaO + H2O → Ca(OH)2 + heat   (1) 

 

The reaction is highly exothermic releasing about 17 x 

10
9
 joules per kilogram of calcium oxide. Quicklime is 

sometimes used to remove excess water from a soil 

mass since its reaction with water results in the 

dehydration of the soil and steam generation. When 

lime is mixed with the soil, the first stage reaction 

process results in a decrease in a plasticity of the soil 

caused by the flocculation of the clay particles present. 

Subsequently, both dehydration and essential changes 
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in clay particle chemistry results in an increase in 

strength. 

The second stage reaction process takes place over a 

period of time that ranges from days to weeks and is 

the result of pozzolanic reactions (Glendinning and 

Boardman, 1996). A pozzolanic material is referred to 

as a material that is capable of reacting in the presence 

of water to produce cementitious compound at ordinary 

temperature (Sherwood, 1993). This reaction as it 

requires time it also needs a highly alkaline 

environment (i.e., pH ≥ 12.4) which is achieved by the 

addition of an optimum amount of lime (Grim and 

Eades, 1966; Hilt and Davidson, 1960). The required 

alkaline environment is responsible for the slow 

dissociation of silica and alumina from the clay mineral 

structure, which then reacts with the lime to result in 

the formation of cementitious calcium silicate hydrate 

and calcium aluminate hydrate gels that bond the soil 

particles together (Bell, 1996; Ingles and Metcalf, 

1972; Little, 1994). 

It was reported in many studies such as (Bell, 1996; 

Consoli et al., 2010; Rajasekaran and Narasimha Rao, 

2000) that lime improves the strength and stiffness of 

soil by cementing the soil particles together. The 

pozzolanic reaction that takes place between lime and 

clay particles of the soil is solely responsible for the 

cementation that substantially improve the long term 

performance of the stabilized soil (Khattab et al., 2007; 

Rogers et al., 2006). Many studies on the applications 

of lime stabilization to improve weak soils with 

impressive outcomes have been conducted (Joshi et al., 

1981;Petry and Little, 2002; Wilkinson et al., 

2010;Dash and Hussain, 2011).  

Likewise, lime stabilization affects the hydraulic 

conductivity of the soil after treatment Bell, 1996). It is 

expected in the short term, that the hydraulic 

conductivity of the soil will increase after the addition 

of lime depending on some factors such as compaction, 

curing condition, mixing and the time the mixture is 

left before compaction during the treatment. This short 

term increase in permeability was reported by 

Townsend and Klym (1966)after treating heavy clay 

with lime. McCallister and Petry (1992) reported a ten 

times increase in the hydraulic conductivity after lime 

treatment of expansive clays. On the other hand, 

Nalbantoglu and Tuncer (2001) reported a decrease in 

the hydraulic conductivity of clay soils after treatment 

with lime. Hence, it was also revealed that the 

possibility of increased hydraulic conductivity can as 

well be reversed in the long term when the calcium 

aluminates hydrate and calcium silicate hydrate gels 

are formed; as they subsequently crystallise and fill in 

the pore spaces of the treated soil (El-Rawi and Awad, 

1981). 

However, it was reported that lime treatment of soils 

sometimes produces adverse effect by generally 

decreasing the plasticity of the treated soils (Jan and 

Walker, 1963; Lund and Ramsey, 1959; Wang et al., 

1963).Although, a general increase in the plastic limit 

with the addition of lime was reported by (Barker et 

al., 2006; Herrin and Mitchell, 1961), the liquid limit 

of the clay soils was found to decrease with increased 

lime content (Wang et al., 1963; Bell, 1988). However, 

liquid limits of lime treated soils are generally affected 

in different ways. Whereas continues decrease in liquid 

limit were reported (Jan and Walker, 1963; Wang, et 

al., 1963), Zolkov (1962) reported substantial increase 

in the liquid limit. Likewise, increase and decrease in 

the liquid limits of lime treated soils that depend on the 

soil type were both reported by Lund and Ramsey 

(1959) and Taylor Jr and Arman (1960). Therefore, 

increase in the liquid limit and plasticity index is an 

indication that lime treatment affects the plasticity of 

soils despite improving their strength (Clare and 

Cruchley, 1957; Prakash et al., 1989; Bell, 1996). 

Furthermore, application of lime beyond certain 

percentage (optimum content) results in the decrease in 

strength (Bell, 1996; Herrin and Mitchell, 1961; Hilt 
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and Davidson, 1960; Kumar et al., 2007). This is 

because application of excess lime is hypothesized to 

reduce its strength as it does not have considerable 

friction or cohesion. On the other hand, soil 

stabilization with lime depends on many factors such 

as the lime content, curing period, mineralogy, soil 

type etc. 

Hence, for efficient lime stabilization; the lime that 

would be added to any soil must first satisfy an affinity 

of the soil for lime which is referred to as lime fixation. 

Thus, this study evaluates the effects of curing period 

on the lime fixation of residual soils obtained within 

the premises of Universiti Teknologi Malaysia (UTM).  

 

2.0 MATERIALS AND METHODS 

2.1 Materials 

2.1.1 Soil: Two residual soil samples were used for the 

study and were collected from an existing borrow pit at 

different locations within the premises of Universiti 

Teknologi Malaysia (UTM). The samples were 

obtained by method of disturbed sampling at about 0.5 

m depths. The soil samples were then air-dried and 

lumps were broken to obtain appropriate particle sizes 

for testing. The mineralogical composition of the soil 

samples was determined using X-Ray Diffraction 

(XRD) test. A D8 Advance X-Ray Diffractometer 

machine was employed for this test. 

2.1.2 Lime: The lime used in this study is hydrated 

lime and was sourced from an open market in 

Taman Universiti, Skudai, Johor Bahru, Malaysia. 

The chemical composition of limewas determined 

by using the method of X-Ray Fluorescence (XRF).  

2.2 Methodology 

Series of laboratory tests were conducted to 

determine the index and engineering properties of 

the residual soil samples and lime-treated residual 

soil in accordance with procedure outlined in 

BS1377(1990) and BS6463 (2001). 

2.2.1 Initial Consumption of lime: Initial 

consumption of lime test was conducted to 

determine the appropriate quantity of lime that is 

required to be added to the soil to achieve a pH 

value of 12.40 at 25
o
C. This pH is required to 

facilitate reaction between the lime and the clay 

components in the soil to be stabilized. The test was 

conducted in accordance with the provisions of 

BS6463 – 102: 2001(4.4). 

Lime Fixation Capacity: For efficient lime 

stabilization, the lime that would be added to the soil 

must first satisfy an affinity of the soil for lime. This 

affinity is referred to as lime fixation. The lime fixation 

capacity corresponds with the lime percentage where 

further addition of lime does not bring about further 

changes in the plastic limit of the soil. The tests were 

conducted by adding varying percentage of lime to the 

soil and determining the plasticity properties of the soil 

until no further increase in the plastic limits were 

observed.  

2.2.3 Preparation of Sample for Lime 

Stabilization: Based on the results of the initial 

consumption of lime and lime fixation capacity tests; 

5% and 6% lime by dry weight of the soils were 

added into soil samples 1 and 2, respectively. The 

specimens were properly mixed with water to the 

optimum moisture contents of the soil samples. The 

prepared soil-lime mixtures were cured for 3, 7, 14, 

21 and 28 days before testing. 
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2.2.4 Liquid and plastic limits tests: The effect of 

lime content on the liquid and plastic limits of the 

prepared soil-lime mixture based on the procedure 

outlined in BS 1377-2:1990. 

2.2.5 Compaction test: British Standard light (BSL) 

compactive effort was used the moisture-density 

relationship of the natural soil in accordance with 

specifications outlined in BS1377 (BSI, 1990). This 

tests was carried out on the natural soil alone for the 

purpose of unconfined compressive strength test. 

2.2.6Unconfined Compressive Strength test: For 

unconfined compressive strength test, the soil-lime 

mixtures were compacted into a 50mm diameter and 

100mm height prefabricated steel mould to a 

maximum dry density of 1.402 Mg/m
3 

and 1.390 

Mg/m
3 

for samples 1 and 2, respectively. The 

compacted soil-lime mixtures were then extruded 

before testing. However, some specimens were 

tested for the strength improvement immediately 

after the lime treatment and before curing. 

 
 

3.0 EXPERIMENTAL RESULTS AND DISCUSSIONS 

 

3.1 Index properties of the residual soil   

The summary of the index properties of the two 

residual soil samples are presented in Table 1. The 

results are in agreement with those obtained by 

Yunusa and Kassim (2016) on residual soil from the 

study area. The particle size distribution of the soils 

are presented in Figure 1 and the soil samples were 

classified based on British Soil Classification 

System (Craig, 2004) as Gravelly Clay of 

intermediate plasticity (CIG) and Gravelly clay of 

high plasticity (CHG) for samples 1 and 2, 

respectively.  

Table 1: Index and Engineering Properties of the Soil 
Sample  

Properties Description  

 Sample 1 Sample 2 

Gravel (%) 

Sand (%) 

Silt (%) 

Clay (%) 

Moisture content (%) 

Liquid limit (%) 

Plastic limit (%) 

Plasticity Index (%) 

Specific gravity 

MDD (Mg/m3) 

27 

21 

34 

18 

33 

64 

43 

21 

2.60 

1.402 

32 

10 

32 

26 

36 

71 

47 

24 

2.62 

1.390 

OMC (%) 

Classification(BSCS) 

UCS (kPa) 

Hydraulic conductivity (m/s) 

Dominant clay mineral  

26.5 

CIG 

32.3 

3.2×10-6 

 

Kaolinite 

31.2 

CHG 

30.4 

2.35×10-6 

 

Kaolinite 
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Figure 1 Particle size distribution curves for the residual 

soils 

The mineralogical composition of the soil samples 

determined through the X-ray diffraction analysis 

showed that the two soil samples contained kaolinite 

as dominant clay mineral and gibbsite and quartz as 

other constituent minerals. The XRD results of the 

soils are presented in Figure 2. 

3.1. Chemical Composition of Lime 

The chemical composition of lime was determined 

using X RF analysis. It was found that the major 

oxide present is calcium oxide followed by the 

presence of magnesium oxide. Likewise, some 

traces of silicon, iron and aluminium oxides were 

also present as trace elements. The calcium and 

magnesium oxides constitute 99% of the total oxides 

present based on the XRF results obtained. Hence, 

satisfying the specified requirement of lime in 

ASTM C977 that the minimum CaO and MgO 

contents of hydrated lime is 90%. Table 2 presents 

the chemical composition of the hydrated lime. 

 

 

 

 

 

 

 

 

 

 

Figure 2 X-XRD analysis of the residual soils 

Table 2: Chemical composition of the hydrated lime 

Component CaO MgO SiO2 Al2O3 Fe2O3 SO3 

Values (%) 97.3 1.82 0.28 0.12 0.045 0.20 

 

3.3 Initial Consumption of Lime 

The initial consumption of lime tests were conducted 

on the residual soil samples with the aim of 

establishing the optimum lime content required to be 

added to the soil samples to attain a pH of 12.4. 

Figure 3 presents the percentage of lime required to 

satisfy the initial and flocculation reactions of the 

residual soils used in the study as obtained from the 

initial consumption of lime tests. It was found that to 

attain a pH of 12.4; lime content of 5% and 6% were 

required for samples 1 and 2, respectively. 

 

Figure 3 Initial Consumption of Lime (ICL) of the residual 

soil samples 

When the lime was mixed with the soil; the water 

present in the soil caused the dissolution of lime 

thereby inducing a strongly alkaline medium. As 

such the divalent calcium cations of lime were 

dissolved. In the first moments of the lime treatment, 
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calcium ions were fixed to the surface of the clay 

mineral and replaced most of the available 

exchangeable cations of the clay minerals (Stumm, 

1997). The alkaline environment is responsible for 

the slow dissociation of silica and alumina from the 

clay mineral structure, which then reacts with the 

lime resulting in the formation of cementitious 

calcium silicate hydrate and calcium aluminate 

hydrate gels that bond the soil particles together 

(Bell, 1996; Ingles and Metcalf, 1972; Little, 1994). 

 

3.4. Lime fixation capacity 

Lime fixation capacity of a soil refers to the affinity 

of the soil for lime and plastic limit of a soil is used 

to indicate the amount of lime fixation in clayey 

soils. The lime fixation capacity corresponds with 

the lime percentage where further addition of lime 

does not bring about further changes in the plastic 

limit of the soil. Hence, as reported in many studies 

such as Bell, 1996;Al-Mukhtar et al., 2014, lime has 

the ability to change the plasticity of a soil after 

treatment. As such, detailed study of the changes in 

the soil plasticity properties attributed to lime 

amendment will assist in understanding the plasticity 

behaviours of the lime-stabilized soils. 

Figure 4 presents the relationship between plastic 

limit of the residual soils with the percentage lime 

contents. 

 

Figure 4: Variation of plastic limit with lime content for 

sample 1 

The plasticity of the two soil samples were affected 

in the same pattern as the increase in the plastic limit 

was relatively faster until the lime content reached 

5% for sample 1; beyond which the plastic limit was 

either constant or decreasing as the lime content 

increased. Similarly, the plastic limit of sample 2 

(Figure 5) also increased with an increase in lime 

content up to 6% lime, beyond which the increase in 

the plastic limit was relatively constant; except for 

28 days curing which the plastic limit continued to 

increase with the increase in lime content.  

 

Figure 5: Variation of plastic limit with lime content for 

sample 2 
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Hence, the continuous increase of plastic limit with 

lime contents for the two soil samples at 28 days 

curing may be as a result of some physicochemical 

reactions between the soil and lime since the 

phenomenon only takes place at prolonged curing 

period. 

Plastic limit is a measure of water content of a soil 

when it approaches a certain shear resistance. With the 

addition of lime, the thickness of the diffuse double 

layer decreases, which increases the charge 

concentration and thereby the viscosity of the pore 

fluid. As a result, the interparticle shear resistance 

increases, leading to a sharp increase in the plastic 

limit. Moreover, the lime-induced flocculation 

enhances the interparticle resistance against movement, 

leading to an increased plastic limit. Therefore, the 

plastic limit does not change much when the lime 

content is increased beyond 5% and 6% for samples 

1and 2 respectively. Hence, practically, 5% lime 

content can be considered as the lime fixation point for 

sample 1 and 6% lime content can also be considered 

as the lime fixation point for sample 2; at which a 

substantial increase in soil workability can be obtained. 

This findings are in agreement with those of Bell 

(1996); Al-Mukhtar et al., (2014) and Dash and 

Hussain (2011). 

 

3.5. Effect of Lime Contents on Liquid Limits 

Figures 4 and 5 present the relationship between lime 

content, liquid limit and curing periods of the two 

residual soils used in this study. It was observed that 

the liquid limit of sample 1 (Figure 6) decreased with 

the addition of 2% lime at the initial stage; after that 

the liquid limit started to increase with the increase in 

lime content. However, the increase in the liquid limit 

did not change much beyond 5% lime content; except 

for the longer curing period of 28 days. This may be as 

a result of some physicochemical reactions between the 

soil and the lime since the phenomenon only takes 

place at prolonged curing period. 

 

 
Figure 6 Variation of liquid limit with lime content for sample 1 

 

Therefore, the liquid limit behaviour of lime treated 

residual soil (sample 1) as observed in this study can 

best be explained in two phases. In the first phase, 

when lime was added into the soil, calcium ions were 

released into the pore fluid of the soil; thereby 

increasing the electrolyte concentrations of the pore 

fluid. This reduces the thickness of the diffuse double 

layer held on the soil that leads to a lower liquid limit. 

While, the second phase is the increase in the liquid 

limit that is attributed to flocculation and pozzolanic 

reactions that change the fabric structure of the soil and 

produce water holding gelatinous materials 

respectively; hence increase the liquid limit of the soil. 

Thus, for the liquid limit of sample 2 residual soil 

(Figure 7), it was observed from this study that the 

liquid limit generally increased with the increase in 

lime content up to 6% lime.  
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Figure 7 Variation of liquid limit with lime content for sample 2 

However, the increase in the liquid limit did not change 

much beyond 6% lime content; except for the longer 

curing period of 28 days. This can be attributed to 

flocculation and pozzolanic reactions that change the 

fabric structure of the soil and subsequently enhance 

the liquid limit of the soil. Sample 2 residual soil has 

more clay content than sample 1. Hence, this may be 

the reason why the flocculation and pozzolanic 

reactions started immediately after the addition of lime 

to the soil. This findings are in agreement with those of 

Al-Mukhtar et al. (2014); Bell (1996) and Dash and 

Hussain (2011). 

 

3.6. Effect of Lime Contents on Shear Strength 

Figures 8 and 9 present variations of shear strength 

with lime content and curing period for sample 1 and 2 

residual soils respectively. The strength improvement 

of the two residual soils were not that significant after 

the addition of lime in small quantity at the early stage 

of the treatment. However, when the specimens were 

cured, significant strength improvement were reported 

with the highest at 28 days curing. Thus, with the 

increase in lime content, more pozzolanic reaction 

takes place producingsufficient amounts of 

cementitious compounds that result in substantial 

strength improvement.  

 

 

Figure 8 Variation of Unconfined Compressive Strength 

(UCS) with lime content for sample 1 

 

Therefore, with 5% lime and 28 days curing, the 

strength increased by more than seven fold relative to 

that of the untreated soil (Figure 6). However, with 

further increase in lime content beyond 5%, a reduction 

in strength was observed and was more pronounced at 

prolonged curing.  

This conforms with the recommendations of Bell 

(1996) that since lime has neither appreciable friction 

nor cohesion, an excess amount serves as a lubricant to 

the soil particles and thereby decreases the strength. 

Likewise, Kumar, et al. (2007) attributed the decline in 

strength to the platy shape of the excess lime that did 

not react with the soil particles. Therefore, based on the 

maximum strength obtained and lime fixation point 

from the plastic limit, it can be deduced that for 

residual soil sample 1 the optimum lime content was 

5%. 
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Figure 9 Variation of Unconfined Compressive Strength 

(UCS) with lime content for sample 2 

 

Similarly, for sample 2 residual soil (Figure 7), the 

same trend in the strength improvement with the 

increase in lime content were reported. However, for 

sample 2 the highest strength was reported at 6% lime 

content with 28 days curing period; the strength 

increased by almost ten folds relative to that of the 

untreated soil. 

However, with further increase in lime content beyond 

6%, a reduction in strength was observed and was more 

pronounced at prolonged curing period. Therefore, 

based on the maximum strength obtained and lime 

fixation point from the plastic limit, it can be deduced 

that for sample 2 soil the optimum lime content is 6%. 

 

4. CONCLUSIONS 

 

The calcium and magnesium oxides constitute 99% of 

the total oxides presents in the lime based on the XRF 

results obtained. Hence, satisfying the specified 

requirement of lime in ASTM C977 that the minimum 

CaO and MgO contents of hydrated lime is 90%. 

Appropriate percentage of lime that satisfied the initial 

consumption and fixation capacities of the soil samples 

were found to be 5% and 6% for samples 1 and 2 

respectively. 

The liquid limits of the two residual soils generally 

increased with the increase in lime content up to 5% and 

6% lime for samples 1 and 2 respectively. However, the 

increase in the liquid limit did not change much beyond 

the optimum lime contents of 5% and 6% for the two 

soils; except for the longer curing period of 28 days.  

The strength of the treated soil increased with the 

increase in lime contents up to 5% and 6% for samples 1 

and 2, respectively. Hence, at 5% lime and 28 days 

curing, the strength of sample 1 increased by more than 

seven folds relative to that of the untreated soil. While, 

that of sample 2 increased by almost ten folds at 6% 

lime. 

Hence, the higher the clay content of a soil the more lime 

is required to satisfy its lime fixation capacity. Sample 2 

had more clay content of 26% and required 6% lime 

while sample 1 that had 18% clay contents required 5% 

lime to satisfy their initial consumption and fixation 

capacities. 
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