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ABSTRACT: In agriculture based country like India road network plays a major role. The life and maintenance of roads 

mainly depend on the strength of both sub-base and subgrade of soil and traffic intensity. In India about 20% of the total 

area is covered by Black cotton soil. Because of the high swelling and shrinkage characteristics under varying water 

contents Black cotton soil poses problems in road construction and maintenance. This paper presents experimental results 

illustrating the behavior of Black cotton soil stabilized with Ground Granulated Blast furnace Slag (GGBS) and GGBS-

lime mix. In order to estimate the strength of the stabilized soil, tests such as Unconfined Compressive Strength (UCS) 

and California Bearing Ratio (CBR) tests were performed. Tests were conducted on soil-GGBS mix for GGBS dosages 3, 

6, 9 and 12% by weight of dry soil and soil-GGBS-Lime mix with 2 part GGBS and 1 part Lime for dosages 3, 6, 9, and 

12% by weight of dry soil. Tests were conducted on both unsoaked and soaked samples, unsoaked samples were cured for 

7 and 28 days whereas soaked samples were cured for 3 days and soaked for 4 days. The effect of binder content, curing 

period and soaking on the UCS and Elastic Modulus were studied and subsequently the effect of binder content on CBR 

values were also studied. With the increase in binder content and curing period the strength of the treated soil was found 

to be enhanced. Soaking resulted in the decrement of the strength of the stabilized soil. From the experimental results, it is 

clear that partial replacement of GGBS with lime had marginal improvement in the UCS and Elastic Modulus, however 

appreciable increment of more than 50% was seen in the CBR value. Hence GGBS-lime mix is a superior binder content 

than GGBS for the improvement of black cotton soil, when used as a sub-base material in flexible pavement.  
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1 INTRODUCTION 

Road network plays a vital role in the overall 

development of a country. The life and maintenance of 

roads depend on the strength of both sub-base and 

subgrade of soil and traffic intensity. If the soil has 

CBR value less than 2%, it must be replaced by good 

quality material. Highway construction on clayey soils 

has been a confront to engineers and designers because 

of its high swelling and shrinkage behavior due to 

presence of inorganic clays of medium to high 

compressibility, which results in cracks in the 

pavement structure. To mitigate the failure of asphalt 

pavement laid on expansive subgrade, chemical 

stabilization techniques are often used to improve the 

engineering properties of expansive soils. This work is 

mainly focused on the strength enhancement of 

chemically stabilized expansive soil, the stabilizers 

being used are GGBS and lime. 

 

Bahman et al. (2011) found that, addition of acrylic 

polymer to soft clay resulted in the improvement of 

UCS values. Islam et al. (2013) investigated the effect 

of curing environment on the UCS value and modal 

minerology of lime-GGBS treated Acid Sulphate Soil 

(ASS). The UCS test results of treated samples were 

found to be higher than that of untreated samples. Jose 

et al. (2014) observed a five times increase in the UCS 

value of montmorillonite rich expansive soil stabilized 

with phosphogypsum and bottom ash. Patil et al. 

(2013) studied combined effect of fly ash and RBI 

Grade 81 on clayey soil. There was appreciable 

increase in the maximum dry density of the treated soil. 

Laxmikanth et al. (2013) observed considerable 

increase in both the UCS and CBR values of the soft 

soil stabilized with GGBS. Deepak et al. (2014) found 

a considerable increment in the CBR value of black 

cotton soil stabilized with fly ash and nylon fiber. 

Martin et al. (2014) studied the use of GGBS and 

reactive magnesia (MgO) mixes for soil stabilization, 

comparing them with GGBS-lime mixes and Portland 

cement (PC) for better geotechnical performance. Soil 

stabilized with GGBS-MgO showed greater early 

strength when compared to the soil stabilized with 

GGBS-Lime and Portland cement. 
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The objective of this study is to find the effect of 

binder content, soaking and curing period on the 

geotechnical properties such as UCS, Elastic Modulus 

and CBR of chemically stabilized soil. 

2 EXPERIMENTAL PROGRAM 

2.1 Materials used 

Black cotton soil for the investigation was collected 

from SVNIT Campus, Surat. GGBS was obtained from 

a local cement manufacturer in Gujarat and lime was 

procured from local market. Table 1 below shows the 

properties of Black cotton soil selected for the study. 

Table 1 Properties of Black Cotton soil 

Sl No: Property Value 

1 Specific Gravity 2.57 

2 

Grain Size Distribution (%)  

Gravel 0 

Sand 22 

Silt 43 

Clay 35 

3 

Consistency Limits (%)  

Liquid Limit 58 

Plastic Limit 21 

Plasticity Index 37 

4 IS Heavy Compaction  

 OMC (%) 19 

 MDD (g/cc) 1.77 

5 UCS (kPa) 517 

6 
CBR (%) 

(soaked) 
1.8 

7 IS Classification CH 

 

2.2 Mix proportion 

Black cotton soil was mixed with different dosages of 

additives. The different mix proportions adopted for 

the study are 

 GGBS at dosages of 3%, 6%, 9% and 12% by 

weight of dry soil. 

 GGBS and Lime at dosages of 2% GGBS + 1% 

Lime, 4% GGBS + 2% Lime, 6% GGBS + 3% 

Lime and 8% GGBS + 4% Lime by weight of dry 

soil. 
 

2.3 Unconfined Compressive Strength test 

For the determination of unconfined compressive 

strength of various soil-GGBS and soil-GGBS-lime 

mixes, UCS test was carried out on samples of 50 mm 

diameter and 100 mm height. The test was conducted 

as per IS:2720, Part X. For soil-GGBS mix and soil-

GGBS-lime mix, soil and additives were mixed in dry 

state manually then water corresponding to OMC was 

added and mixed thoroughly.  Next, cylindrical 

specimens of 50 mm diameter and 100 mm height were 

compacted in three layers by static press to achieve the 

MDD of the mix obtained from the modified proctor 

test. Samples were extruded by using hydraulic ejector 

and sealed in a polythene cover and kept for curing in a 

closed chamber. To determine the unsoaked UCS value 

soil-GGBS specimens and soil-GGBS-lime specimens 

were cured for 7 and 28 days. In order to determine the 

soaked UCS values of soil-GGBS and soil-GGBS-lime 

mixes the treated samples were cured for 3 days and 

soaked for 4 days and then tested. Compressive 

strength of the specimens was determined using a 

compression testing machine at a strain rate of 1.2 

mm/min. 

2.4 California Bearing Ratio test 

In order to determine the CBR values of different soil-

GGBS and soil-GGBS-lime mixes, CBR test was 

conducted in accordance with IS:2720, Part XVI. The 

samples were cured for 3 days and soaked for 4 days. 

After the specified curing was over, the CBR moulds 

were taken out for test. 

3 RESULTS AND DISCUSSIONS 

3.1 Unconfined compressive strength 

3.1.1 Effect of GGBS content 

There was a sharp increase in the UCS value with the 

addition of GGBS when compared with the UCS of 

natural soil. The successive increase in the UCS value 

is attributed to the formation of cementitious 

compound (CSH-calcium silicate hydrates) resulting 

from the pozzolonic reaction among the excess SiO 

present in the slag, CaOH formed by the hydration of 

silicates and water. The variation of UCS value with 

GGBS content is shown in Figure 1. From the figure it 

can be observed that there is a considerable increase in 

the UCS value with the increase in the binder content. 

For the maximum dosage of 12% the UCS value of 7 

days cured soil-GGBS mix was obtained as 2,610 kPa 

and that of 28 days cured mix was obtained as 3,147 

kPa, the UCS value of untreated sample being 517 kPa.   
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Fig.1 Variation of UCS value with GGBS Content 

3.1.2 Effect of GGBS-Lime content 

The variation of UCS value with GGBS-lime content is 

shown in Figure 2. From the figure it can be observed 

that there is a considerable increase in the UCS value 

with the increase in the binder content. For the 

maximum dosage of 12% the UCS value of 7 days 

cured soil-GGBS-lime mix was obtained as 2,903 kPa 

and that of 28 days cured mix was obtained as 3,417 

kPa, the UCS value of untreated sample being 517 kPa.   

 

Fig.2 Variation of UCS with binder (GGBS + lime) 

content 

3.1.3 Effect of curing period 

From both Figure 1 and Figure 2 it is clearly visible 

that, with the increase in curing period the UCS values 

showed a remarkable increment. For soil-GGBS mix 

the increase in curing period from 7 days to 28 days 

resulted in an overall increase of 21% in the UCS 

value, whereas for soil-GGBS-lime mix the increase in 

UCS value was observed to be 18%. 

 

 

3.1.4 Effect of soaking 

Figure 3 shows the effect of soaking on the strength of 

the treated soil. A comparison was made between the 

unsoaked samples cured for 7 days and soaked samples 

cured for 3 days and soaked for 4 days. For both soil-

GGBS mix and soil-GGBS-lime mix soaking resulted 

in a decrement of UCS values by 25%. 

 

Fig.3 Variation of UCS with binder content (soaked & 

unsoaked) 

3.1.5 Comparison of soil-GGBS mix with soil-

GGBS-Lime mix 

A comparison is made between soil-GGBS mix and 

soil-GGBS-lime mix and shown below in Figure 4. 

From the figure it is evident that soil-GGBS-lime mix 

has got higher UCS value compared to soil-GGBS mix. 

With partial replacement of GGBS with lime, UCS 

value got increased by 11% after 7 days curing and 9% 

after 28 days curing. 

 

Fig.4 UCS values of soil-binder mix for 7 & 28 days 

curing 
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3.2 Elastic Modulus 

The relevant design parameter for chemically stabilized 

sub-base is the Elastic Modulus, which can be 

determined from the UCS test. The elastic tangent 

modulus corresponding to 50% peak stress is obtained 

from the stress-strain curve plotted using the UCS test 

results. 

3.2.1 Effect of binder content 

The variation of Elastic Modulus for various soil-

binder mixes is shown below in Figure 5 and Figure 6. 

From the figures it can be observed that there is a 

considerable increase in the Elastic Modulus with the 

increase in binder content.  

 

Fig.5 Variation of Elastic Modulus with GGBS content 

 

Fig.6 Variation of Elastic Modulus with binder (GGBS + 

Lime) content 

3.2.2 Effect of curing period 

From both Figure 5 and Figure 6 it is clearly visible 

that, with the increase in curing period the Elastic 

Modulus was found to be increased.  

3.2.3 Effect of soaking 

Figure 7 shows the effect of soaking on the Elastic 

Modulus of the treated soil. A comparison was made 

between the unsoaked samples cured for 7 days and 

soaked samples cured for 3 days and soaked for 4 days. 

For both soil-GGBS mix and soil-GGBS-lime mix 

soaking resulted in a decrement of Elastic Modulus by 

23%. 

 

Fig.7 Variation of Elastic Modulus with binder content 

(soaked & unsoaked) 

3.2.4 Comparison of soil-GGBS mix with soil-

GGBS-Lime mix 

A comparison is made between soil-GGBS mix and 

soil-GGBS-lime mix and shown below in Figure 8. 

From the figure it is evident that soil-GGBS-lime mix 

has got higher Elastic Modulus compared to soil-

GGBS mix. With partial replacement of GGBS with 

lime, the Elastic Modulus increased by 6% for 7 days 

curing and 15% for 28 days curing. 

 

Fig.8  Elastic Modulus of soil-binder mixes for 7 & 28 

days curing 
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3.3 California Bearing Ratio 

The CBR value of soil-GGBS-lime is more when 

compared to soil-GGBS mix. The comparison is shown 

below in Figure 9.  The CBR value ranged from 6% to 

31% for soil-GGBS mix and 22% to 48% for soil-

GGBS-lime mix for the binder content ranging from 

3% to 12%. For maximum dosage of 12% the CBR 

value of soil-GGBS-lime mix is 48% and that of soil-

GGBS mix is 31%. Thus, with the addition of lime as 

an extra binder the CBR value of treated soil got 

enhanced by 55%. 

 

Fig.9 CBR of soil-GGBS mix & soil-GGBS-Lime mix 

4 CONCLUSIONS 

Following conclusions were drawn from the study 

 The UCS value of soil-binder mixes were found to 

be increasing with the increase in binder content. 

Increase in curing period also showed appreciable 

increase in the UCS values. 28 days cured 

specimen showed greater strength compared to 7 

days cured specimen. The Elastic Modulus was 

also found to be increasing with the increase in 

binder content and increase in curing period. 

 The soaked strength for both soil-GGBS and soil-

GGBS-lime mix were found to be lower when 

compared to the unsoaked strength. The reduction 

in strength for both the mixes was found to be 25%. 

 The CBR values for soil-GGBS and soil-GGBS-

lime mixes were found to be increasing with the 

increase in binder content. The CBR value of soil-

GGBS-lime mix was found to be more than that of 

soil-GGBS mix. With the addition of lime as an 

additional binder to soil-GGBS mix the CBR value 

got enhanced by 55%. 

 Partial replacement of GGBS with lime had 

marginal improvement in the UCS and Elastic 

Modulus, but appreciable increment was seen in the 

CBR value. Thus GGBS-lime can be suggested as a 

superior binder content for the improvement of 

Black cotton soil as a sub-base material in flexible 

pavement.  
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