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Abstract 

This paper has been focused on the Black cotton soils which shrink when it becomes dry and shrink swell when come in contact 

with moisture. The lot of damage were occurring of numerous structures founded on previous literature. The limited techniques 

have been available to improve the engineering properties of black cotton soil to make it suitable for construction. The waste 

material (cement kiln dust stabilizer) has been used for stabilization of Black cotton soil. The Black cotton soil has been 

collected from Shusant Golf City Lucknow, Uttar Pradesh India. The sample has been tested from different percentages of 

cement kiln dust (CKD) i.e., 4%, 8%, 12% and 16%. Finally evaluating soil properties of black cotton soil by using numerous 

tests like as Atterberg’s limits, specific gravity, California bearing ratio (CBR) and unconfined compressive strength (UCS) tests. 

Finally check the amount of cement kiln dust at which sample of soil and cement kiln dust gives optimum values of CBR and 

UCS.  
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I. INTRODUCTION 

This research work presents the efficacy of cement kiln dust as an additive in improving the engineering characteristics of Black 

cotton soils. Black Cotton soils have large tendency to shrink and swell with respect to variation moisture content, thus causing 

serious problem to the structures build on them. The high cost of repairing the damaged structures has drawn attention to the 

need for more reliable investigation of such soils and necessitates methods to eliminate or at least reduce the effect of volume 

change in the soil and increase the strength. Soil stabilization aims at increasing or maintaining the stability of soil mass and 

chemical alteration of soils to enhance their Engineering Properties. The rapid industrialization has resulted in generation of large 

quantities of wastes. These materials possess problems of disposal, health hazards and aesthetic problem. Most of the wastes do 

not find any effective use and create environmental and ecological problems apart from occupying large tracts of valuable 

cultivable land. It has been observed that some of these wastes have high potential and can be gainfully utilized in stabilization 

works. The utilization of the industrial solid wastes Stabilization works will help in solving the environmental pollution problems 

associated with the disposal. In the present work materials such as Cement Kiln Dust is being used for stabilization of soil and 

their effect is being studied on the Unconfined Strength of Black Cotton Soil. 

 The cement kiln dust was found ultimate agents as a stabilizer to improve the Atterbergs’ Limit and hence Plasticity Index of 

Black cotton Soil as well as the compressive strength of the same. Laboratory tests were performed with different percentages of 

four stages; each of them ranging from 4% to 16%.Stabilizationof the soil with chemical admixtures is a common method of 

reducing the swell and shrink tendencies of the soil and also makes the soil less plastic. Consequently, recent researches have 

focused on the use of locally available (Industrial waste) materials with Pozzolanic properties, as possible substitutes or 

admixtures to achieve more economic stabilization of the soil. 

II. MATERIALS  

In the present work materials such as Cement Kiln Dust is being used for stabilization of locally procured BC soil and their effect 

is being studied on the unconfined compressive Strength of Black Cotton Soil. 

 Soil 

The presence of water, its content plays a decisive role in the engineering property of a clay soil. On the other hand, grain –shape 

and grain-size distribution influence the engineering properties of granular soils and hardly affect the behaviour of clays. The 

expansive soils occur all over the world. India has large tracks of expansive soil known as Black Cotton soil (BC soil), covering 

an area of 0.8 million square kilometer, which is about 20% of total land area. The major areas of their occurrence are states of 

southern parts of Uttar Pradesh, Gujarat, eastern parts of Madhya Pradesh, some parts of Andhra Pradesh Maharashtra and 

Karnataka. This type of soil is available up to a depth of 3.7 meters on an average in the above parts of India. Expansive soils 

changing water table undergoes volumetric changes. Increase in the moisture content causes the swelling of the soil and loss of 
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strength and decrease in moisture content brings about soil shrinkage. Swelling and shrinkage of expansive soil cause differential 

settlements resulting in severe damage to the foundations, buildings, roads, retaining structures, canal linings, etc. The 

construction of foundation for structure on black cotton soils poses a challenge to the civil engineers.  
Table – 1 

Properties of Black Cotton soil 

S.No. Tests Value 

1 Specific gravity IS: 2720 (Part-3) 2.57 

2 Shrinkage limit 32.46 

3 Free swelling index 58.33 

4 Indian standard soil classification system CI 

5 Optimum moisture content IS: 2720 (Part-8) 15 

6 Maximum dry density IS: 2720 (Part-8) 1.88 

7 Soaked CBR (%)IS: 2720 (Part-16) 2.76 

8 Unconfined compressive strength (kg/cm2) 1.874 

  Cement Kiln Dust (CKD): 

Cement kiln dust (CKD) is a material similar in appearance to Portland cement. Cement Kiln dust was found during the 

manufacture of Portland cement, a large amount of dust is collected from kiln exhaust gases. Cement Kiln dust was disposed in 

landfills. The Indian cement industry is directly related to the country's infrastructure sector and thus its growth is high priority in 

exploring the development of the country. With a current production capacity of around 396 million tons, India is the second 

largest producer of cement in the world and fueled by growth in the infrastructure sector, the capacity is expected to increase to 

around 560 MT by FY20. The problem of disposing and managing solid waste materials in the industrial countries has become 

one of the major environmental, economical and social issues. During manufacturing of cement a waste by product, known as 

cement kiln waste (CKD) is generated which accounts for 15-20% of the cement clinker production. 

 The Cement Kiln Dust (CKD) has cementations properties that make it an effective stabilizer for certain soil types. CKD 

represents a potentially useful and cost-effective. CKD is being used increasingly for soil stabilization. CKD has been used as a 

soil additive to improve the texture, increase strength and reduce swell characteristics. Treatment with cement kiln dust was 

found to be an effective option for improvement of soil properties, based on the literature review as a part of this research. 

Strength and stiffness were improved and plasticity and swell potential were substantially reduced. CKD treated samples 

performed very well in strength gains and in many cases showed additional reductions in plasticity. 

 CKD consists primarily of calcium carbonate and silicon dioxide which is similar to the cement kiln raw feed, but the amount 

of alkalis, chloride and sulphate is usually considerably higher in the dust.  

 CKD generated from wet and dry kilns is composed of partially calcined kiln feed fines enriched with alkali sulphates and 

chlorides. 

 The dust collected from the alkali by-pass of precalciner kilns tend to be coarser, more calcined, and also concentrated with 

alkali volatiles. 

 However, the alkali by-pass process contains the highest amount by weight of calcium oxide and lowest loss on ignition 

(LOI), both of which are key components in many beneficial applications of CKD. 
Table – 2 

Oxide composition of Cement Kiln dust 

S.No. Oxides Concentrations (%) 

1 CaO 51.80 

2 Al2O3 7.93 

3 SiO2 16.48 

4 Fe2O3 2.40 

5 Mn2O3 0.004 

6 Na2O 0.002 

7 K2O 1.45 

8 SO3 1.60 

9 Loss of Ignition 18.34 

III. LITERATURE REVIEW 

Pranshoo Solanki et al. at 2007 study the effect of cement kiln dust on silty-clay. Its review an decrease in MDD and increase in 

OMC were reviewed with increasing amount of CKD. Higher the CKD content, higher the UCS values with a linear relationship 

between UCS. 

F.O.P. Oriola and G. Moses (2011) Laboratory tests were conducted on black cotton soil treated with up to 16% Cement Kiln 

Dust (CKD) by dry weight of soil to assess its suitability for use in waste containment application. Index properties, hydraulic 

conductivity (k), volumetric shrinkage strains (VSS) and unconfined compressive strength (UCS) tests were carried out. Results 

obtained showed slight changes in index properties. The UCS values after 4% CKD treatment especially at WAS compactive 

energy level met the minimum. 
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Khandaker M. Anwar Hossain (2011) studied the effect of cement kiln dust and rice husk ash on clayey soil. Author observed 

that stabilized soil exhibit enhanced mechanical properties such as strength (compressive and tensile), modulus of elasticity, and 

CBR as well as durability in terms of water resistance, water sorptivity and shrinkage. CKD stabilized soils shows higher 

strength/elastic modulus/CBR/water resistance/shrinkage values and lower water absorption/sorptivity compare to their RHA 

counterparts.                                                                                                    

J.B. Oza and Dr. P.J. Gundaliya (2013) studied the effect of cement waste dust and lime on black cotton soil. Author observed 

that comparing three groups (Soil, Soil+CKD, Soil+CKD+Lime), Cement dust provides substantial and durable benefits when 

used as stabilizing agent for BC soil. Significant change in plasticity index of BC soil used with cement dust. 

Hesham (2013) studied cement kiln dust chemical stabilization of expansive soil exposed at El-Kawther Quarter, Sohag Region, 

Egypt, Chemical analysis was conducted on both cement Kiln dust and lime. 16% was found optimum for (CKD) while 14% 

(CKD) and 3 %( L) Was found optimum percent for the combination of both (CKD) and (L). 

Vivek and Rajesh (2015) studied Effect of Cement Kiln Dust (CKD) on Engineering Properties of Black Cotton Soil. Samples 

of Soil were tested with CKD from 0% to 25% of dry weight of the soil, result showed a significant increase in soaked CBR and 

UCS values. DFS of the expansive soil was found to reduce from (31%) to (5%).Compaction test showed an increase in 

maximum dry density (MDD) from 1.73 gm/cc to 2.03gm/cc and a considerable reduction in optimum moisture content (OMC) 

from 20.04% to 10.94%. Permeability was noticed to have increased from 4.80x10-4 cm/s to 1.43x10-3 cm/s. It was thus, 

concluded that CKD has the potential of increasing the desirable engineering properties of expansive soils.  

Upma and (2015) studied effect of cement kiln dust and chemical additive on expansive soil at subgrade level. The 

investigation includes the study of engineering properties of expansive soil using CKD and chemical 

IV. MIX PROPORTION  

Following mix has been prepared by mixing soil with different percentage of Cement kiln dust.  

1) Soil+ 0 % Cement kiln dust  

2) Soil+ 4 % Cement kiln dust  

3) Soil+ 8 % Cement kiln dust  

4) Soil+ 12 % Cement kiln dust  

5) Soil+ 16 % Cement kiln dust  

V. METHODOLOGY  

Replacement of soil by Cement kiln dust of 4%, 8%, 12% and 16% were chosen for research work. The laboratory testing been 

done in this study to determine the physical properties of Black cotton soil and Cement kiln dust samples such as particle size 

distribution, specific gravity, atterberg limit, moisture content, compaction characteristic and natural moisture content. 

VI. ANALYSIS 

The results of soil properties were obtained from the experiments conducted in the laboratory with various percentage of cement 

kiln dust. The soil properties included index properties of soils such as, Atterberg’s limits (LL, PL, and PI), consistency limit, 

Compaction characteristics (OMC, MDD), CBR and UCS. The test results are shown in Tables as under: 
Table – 3 

Properties of Soil with Various Percentage of cement kiln dust 

Properties of Soil Soil+0%CKD Soil+4%CKD Soil+8%CKD Soil+12%CKD Soil+16%CKD 

LL (%) 44.3 42.1 41 38.65 37.5 

PL (%) 22.23 25.42 26.6 27.23 29.41 

PI (%) 22.07 16.68 14.4 11.33 8.09 

Specific gravity 2.57 2.41 2.39 2.36 2.32 

Shrinkage limit 32.46 20.372 15.33 11.48 8.20 

FSI (%) 58.33 43.33 32.14 22.72 12.5 

OMC (%) 15 15.2 15.8 16.2 17 

MDD (gm/cc) 1.88 1.86 1.84 1.83 1.82 

CBR (%) 2.73 3.07 3.88 4.39 5.11 

UCS (Kg/cm2) 1.879 2.933 3.259 3.636 3.978 

LL-Liquid Limit 

PL-Plastic Limit 

PI-Plastic Index 

FSI-Free Swelling Index 

OMC-Optimum Moisture content 

MDD-Maximum Dry Density 

CBR-California Bearing Ratio 

UCS-Unconfined Compressive Strength 
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 Variation of OMC and MDD: 

 
Fig. 1: Comparison Curve of MDD 

 Variation of California bearing ratio (CBR): 

 
Fig. 2: Comparison curve of CBR  
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 Variation of Unconfined compressive strength 

 
Fig. 3: Comparison curve of UCS 

VII. CONCLUSIONS 

Based on experimental data collected and analyzed in chapter 5& chapter 6 for soil, with additives cement kiln dust and hypo 

sludge effect in different proportions, the main conclusions are given below – 

 For Soil Only: 

a) The specific gravity of the soil used is 2.57 and LL, PL, Plasticity Index, OMC and MDD calculated as 44.3%, 22.23%, 

22.07%, 15% and 1.88 g/cc respectively. Soil is classified as CI with low plasticity. 

b)  The CBR value obtained from experimental study is 2.73 %. 

c)  The UCS value obtained from experimental study is 1.879 Kg/cm2  

 Soil mixed with cement kiln dust in Different Proportion:  

1) Liquid and Plastic Limit of original soil were 44.3 and 22.23 respectively. With addition of CKD, Liquid Limit shows a 

decreasing trend till 18% of CKD which is 16 %. Whereas Plastic Limit increases for 12% addition of CKD which is 16%  

2) Plasticity Index of original soil was 22.07 and soil was classified as CI. With addition of CKD, Plasticity Index shows 

decreasing trend tills 16% addition of CKD which is 67% and the soil changes from CI to ML.  

3) The Optimum moisture content increases from 15% to 17% for content of CKD 4% and16 %. 

4) The maximum dry density changes from 1.88g/cc to 1.82g/cc shows a decreasing  trend with increase in CKD content from 

4% to 16%.  

5) The experimentally obtained CBR values shows a increasing trend with maximum value as 5.11% for 16% addition of CKD 

which is about 87.17% more compared with parent soil. 

6) The experimentally obtained UCS values shows a increasing trend with maximum value as 3.97kg/cm2 for 16% addition of 

CKD which is about 52.76% more compared with parent soil. 

REFERENCE 

[1] Khandaker M. Anwar Hossain.;” Stabilized Soils Incorporating Combinations of Rice Husk Ash and Cement Kiln Dust” 1320 / journal of materials in civil 

engineering © asce / September 2011  
[2] Amin Esmaeil Ramaji.; “A Review on the Soil Stabilization Using Low-Cost Methods” Journal of Applied Sciences Research, 8(4): 2193-2196, 2012, ISSN 

1819-544X  

[3] Wayne S. Adaska.; “Beneficial uses of cement kiln dust” Presented at 2008 IEEE/PCA 50th Cement Industry Technical Conf., Miami, FL, May 19-22, 2008  
[4] M. K. Rahman, S. Rehman & O. S. B. Al-Amoudi.;”literature review on cement kiln dust usage in soil and waste stabilization and experimental 

investigation”IJRRAS 7 (1) ● April 2011  

[5] Tara Sen and Umesh Mishra.;” Usage of Industrial Waste Products in Village Road Construction” International Journal of Environmental Science and 
Development, Vol. 1, No. 2, June 2010 ISSN:2010-0264  

[6] Mohie Eldin Mohamed Afifiy Elmashad.;”Soil Improvement using Cement Dust Mixture” World Academy of Science, Engineering and Technology 58 

2011  



Stabilization of Black Cotton Soil by using Cement Kiln Dust  
(IJSTE/ Volume 7 / Issue 2 / 001) 

 

 All rights reserved by www.ijste.org 
 

6 

[7] Mukesh A. Patel,Dr. H. S. Patel.;”A review on effects of stabilizing agents for stabilization of soil” Civil and Environmental Research ISSN 2222-1719 

(Paper) ISSN 2222-2863 (Online) Vol 2, No.6, 2012  
[8] Onyelowe Ken C. and Okoafor F. O.;” Geochemistry of soil stabilization” ISSN 2305-493X, vol. 1, no. 1, october 2012  

[9] Z. A. Baghdadi, Member, ASCE, M. N. Fatani, and N. A. Sabban.; “Soil modification by cement kiln dust” 2181 journal of materials in civil engineering / 

November 1995  
[10] F.O.P. Oriola and G. Moses.; “Compacted black cotton soil treated with cement kiln dust as hydraulic barrier material” AMERICAN JOURNAL OF 

SCIENTIFIC AND INDUSTRIAL RESEARCH © 2011, Science Huβ, http://www.scihub.org/AJSIR ISSN: 2153-649X 

doi:10.5251/ajsir.2011.2.4.521.530  
[11] Dr. Robert M. Brooks.; “Soil Stabilization with Flyash and Rice Husk Ash”International Journal of Research and Reviews in Applied Sciences ISSN: 2076-

734X, EISSN: 2076-7366 Volume 1, Issue 3(December 2009)  

[12] Gyanen. Takhelmayum, Savitha.A.L, Krishna Gudi.; “Laboratory Study on Soil Stabilization Using Fly ash Mixtures” International Journal of Engineering 
Science and Innovative Technology (IJESIT) Volume 2, Issue 1, January 2013  

[13] Musa Alhassan.;” Potentialsof Rice Husk Ash for Soil Stabilization” AU J.T. 11(4): 246-250 (Apr. 2008)  

[14] Sulapha Peethamparan and Jan Olek.; “Study of the Effectiveness of Cement Kiln Dusts in Stabilizing Na-Montmorillonite Clay” Journal of Materials in 
Civil Engineering © ASCE / February 2008 / 137  

[15] Mahrous A.M.Ali and Huang-Sik Yang.; “Utilisation of cement kiln dustin industry cement bricks” Geosystem Engineering, 14(1), 29-34(March, 2011) 

[16] Balwaik SA, Raut SP. Utilization of waste paper pulp by partial replacement of cement in concrete. International Journal of Engineering Research and 
Applications. 2011; 1(2):300-9. 

[17] Khalid N, Mukri M, Kamarudin F, Arshad MF. Clay soil stabilized using Waste Paper Sludge Ash (WPSA) mixtures. Electronic Journal of Geo-Technical 

Engineering. 2012; 17:1215-25 


