
 International Journal of Emerging Trends in Engineering and Basic Sciences (IJEEBS) 
    ISSN (Online) 2349-6967 

Volume 7, Special Issue 4 (July-August 2020), PP. 243-247 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

www.ijeebs.com                                                                243 | Page 

ADDITION OF SILICA FUME ON BLACK COTTON SOIL- 

REVIEW 

Poonam Dahake, Priyanka Bhoyar, Himanshu Khobragade, Buddhajeet 

Gajbhiye, Dr. A. M. Shende, Pranay R. Khare 

Department of Civil Engineering, Priyadarshani J. L.  College of Engineering, Nandanvan , Nagpur, India  

 

ABSTRACT: The black cotton soil is a type of problematic expansive soil which causes many problems in 

the construction of structures founded on them. It is having a swelling and impervious nature with poor 

geotechnical subgrade characteristics. In this research an approach is made towards the way of improvement in 

the various geotechnical properties of black cotton soil such as index properties, swelling characteristics, 

consolidation characteristics, hydraulic conductivity characteristics and strength characteristics by blending it 

with silica fumes. Hence, from these approaches, the impacting effect of silica fumes on the environment 
reduced due to optimum utilization of these waste materials in the improvement in various properties of black 

cotton soil. 
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I. INRODUCTION: 
            The great challenge faces civil engineering especially when the subgrade soil is found to be clayey soils, 

these soils usually have a tendency to change in volume if there is any change in moisture content. The changes 

in moisture content may be due to floods, rains, leaking sewer lines or water evaporation this due to fact that 

soils is recovered by a pavement or a building. Remarkably, these cases causes the cracking and breaking up of 

pavements, highway, railways and embankments, foundations and reservoir lining or channel. Construction of 

this type of soils needs to be improved by using additives. Improvement of subgrade soils has traditionally 

depended on treating the soils with cement, lime, or waste material such as slag, silica fume. The silica fume 

found to be abundant material, and it is about 40% cheaper than other material such as Portland cement but there 

is insufficient data on the effect of this material on the compressive strength of clayey soil. [1] The swelling 

behavior of expansive soils frequently leads to undesirable effects and problems, such as differential settlement 

and ground heaving. Recently, a greater attention and concern have been considered concerning expansive soils. 

Several methods have been investigated to observe and regulate the volumetric change of expansive soils. One 

of these method is using admixtures to control such change leading to soil stabilization. [2] 

Silica fume as well as clay material, are used in changing the engineering properties to be compatible and 

satisfying this is due to their pozzolanic reactivity. Silica fume is an ultrafine powder collected as a by-product 
of silicon metal and ferrosilicon alloy production. It is spherical in shape and the average particle size of silica 

fume is found to be 1-0.15µm. It is available in grey to off-white colours and several product forms. Condensed 

silica fume is essentially silicon-dioxide (more than 90%) in non-crystalline form. Specific surface area is about 

20,000 m2/kg. Silica fume is used as an artificial pozzolanic admixture in concrete. As far as the production of 

silica is production of silica fume is concerned nearly 100,000 tons of micro silica is produced each year world-

wide. Iron also has a large amount of micro silica production.   

II. LITERATURE REVIEW 

 
Kawther Al-Soudany et al. (2018) investigated remediation of clayey soil using silica fume, for Atterbergs 

limits, decreasing in both liquid limit and plasticity index, increasing in plastic limit were observed with 

increasing SF content. The specific gravity decreases with increasing of SF percentage. The silica fume changes 

compaction parameters of clayey soil. The maximum dry unit weight decreases with the increase of the SF 

content while optimum moisture content increases with increasing sf content. Increasing SF improves the 

unconfined compression strength [UCS]. Silica fume percentages at 5% & 7% gave UCS 41.3% and 47% 

respectively, after 2 day of curing compared to UCS of untreated soil 27.5%. CBR increases with increasing SF 
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content. Free swell and swell pressure decrease with increasing of SF percentage and 5% was the perfect 

percentage to decrease free swell and swell pressure. 

Brajesh Mishra et al. (2013) Study on engineering behaviour of black cotton soil and its stabilization by use of 

lime on the basis of study and experimental investigation it was observed that the property of black cotton soil 

effectively improved by use of different percentage of lime contents. In this research varying percentage (3% 

and 5%) of lime was used to stabilize the black cotton soil.   It was observed that on addition of 3% of lime 

decreases the liquid limit by 2.70% while with 5% addition of lime reflects a decrease 15.27%. M.D.D. was 

increased slightly by 6.29% and 5.59% at 3% and 5% lime content. It was observed that there was a decrease in 

optimum moisture content of 3.4% and 10.7% at 3% and at 5% lime content. The California bearing ratio value 

of black cotton soil improve considerably to 3.25 times and 4.76 times with 3% and 5% lime.   There was 

decrease in swelling pressure by 28% and by 55% in black cotton soil with 3% and 5% lime respectively. 

Kawther Y.AL-Soudany et.al (2017) Improvement of expansive soil by using silica fume the research 

investigated the effect of silica fume on the engineering characteristics of expansive clay. The liquid limit highly 

increases with increasing of bentonite percentage. While the liquid limit slightly decrease with increasing of 

silica fume percentage. The plastic limit increase with increasing of bentonite percentage. While the plastic limit 

slightly increase with increasing of silica fume percentage. The plasticity index highly increase with increasing 

of bentonite percentage. While the plasticity index decrease with increasing of silica fume percentage. The 
specific gravity decrease with increasing of bentonite percentage. While the specific gravity decrease with 

increasing of silica fume percentage.  The maximum dry density deceases with increasing of bentonite 

percentage. The optimum moisture content increase with increasing of bentonite percentage.  Free swell and 

swell pressure highly increases with increasing the bentonite percentage. While free swell and swell pressure 

decrease with increasing of silica fume percentage. 

Ekrem Kalkan et al. (2013) Preparation of scrap tire rubber fibre –silica fume mixtures for modification of 

clayey soils to investigation the silica fume, scrap tire rubber fibre and silica fume-scrap tire rubber fibre 

mixtures increased the UCS. Although the UCS values of all modified clayey soil sample s increased with 

increasing silica fume and fibre content, it was observed that the maximum UCS value was obtained by addition 

of 20% silica fume-20% fibre mixture. The shear box text result indicate the addition of silica increases shear 

strength parameters. The maximum cohesion and internal friction angle values were obtained by addition of 

20% of silica fume -2% fibre mixture .The hydraulic conductivity and swelling pressure decreased with the 

addition of silica fume-fibre mixture .the maximum improvement for the hydraulic conductivity and swelling 

pressure has been observed by using 20% silica fume-2% fiber mixture content. Observation of SEM showed 

that the structure of raw clay samples could be changed through silica fume content in the samples. The 
structure of a material had a significant influence on its engineering properties such as permeability strength and 

stiffness .The investigation showed that the silica fume-fiber mixture is a valuable material to modify the 

properties of clayey soils. In the geotechnical applications, the silica fume-fiber mixture in the applications 

should be taken into account due to its positive effects on the unconfined compressive strength hydraulic 

conductivity and swelling pressure. It is concluded that the silica fume-fibre mixture can be used for 

modification of clayey soils. In addition, this mixture can potentially reduce stabilization costs by utilizing 

wastes in a cost-effective manner.  

 

Chayan Gupta, Ravi Sharma et al. (2014) investigated influence of micro silica fume on sub grade 

characteristics of expansive soil Utilization of micro silica fume in the improvement of sub grade characteristics 
of expansive soil. Test were conducted in laboratory which shows that the micro silica fume is a good 

alternative for the improvement of sub grade characteristics of expansive soil. The standard compaction test 

were conducted in laboratory for obtaining the maximum dry density (mdd) and optimum water content (omc) 

corresponding to 5 % to 20 % of micro silica fume mixed with expansive soil in the variation of 5 %each. 

V. Ramya, S. Sowmiya, S. Karthickenyan et al. (2018) investigation that stabilization of black cotton soil 

using bamboo slag and silica fume Evaluate the feasibility of using silica fume and bamboo slag as soil 

stabilization material. The effect of bamboo slag and silica fume on engineering characteristics of expansive 

clay like black cotton soil has been presented. Laboratory experiment has been conducted on black cotton soil 

blended with silica fume and bamboo slag content from 5% to 20% by weight of dry soil. 

 

 

  



 International Journal of Emerging Trends in Engineering and Basic Sciences (IJEEBS) 
    ISSN (Online) 2349-6967 

Volume 7, Special Issue 4 (July-August 2020), PP. 243-247 ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________ 

www.ijeebs.com                                                                245 | Page 

Magdi M. E. Zumrawi and Eman A.E. Abdalla et al. (2018) stabilization of expansive soil using marble 

waste powder concluded that, The soil used in the study is classified as silty02 clay (CH) of high plasticity, LL= 

81% and PI=60%, highly expansive soil with FSI =170% and very low shear strength of 178 kpa. The liquid 

limit decreases with an increase in MWP content. Addition of MWP to the expansive soil is causing about 10% 

reduction in the liquid limit value at 20% of MWP. For a plastic limit, as MWP increases from 0 to 20%, there 

is a little increase in the plastic limit value of the stabilized soil. Moreover plasticity index reduces by 12% with 

the addition of 20% MWP. Addition of MWP caused gradual decrease in free swell of stabilized soil. At 20% 

MWP the free swell index of the soil is slightly decreased and the reduction observed is almost 12%.  MWP has 

major effect on compaction characteristics of the stabilized soil. An increases in MWP content leads to a 

significant increase in maximum dry density, while a considerable decrease in optimum moisture content is 
observed with increasing percentage of MWP.  The unconfined compressive strength of expansive soil 

effectively improved by addition of MWP. The UCS value increases with increases with increase in MWP. The 

improvement as compared to untreated soils. From the result, it is clearly understood that there is a great 

improvement in an strength and a marginal reduction in swelling of expansive soils treated with 20% MWP. 

Hence an activator such as lime or fly ash of fixed percent (5%) combined with 20% MWP can be effectively 

adopted in stabilization of expansive soils. 

Glories Thomas Paul 2 Arshad a Hakkeem 3Joju Lawrence Y Roshan M Dileep el at. (2019) Soil 

stabilization using plastic granules the experimental investigation done so as to bring out the effect of 

stabilization of black cotton soil using glass &plastic gave a good result. Addition of glass & plastic in varying 

percentages resulted in overall decrease in MDD. The MDD of 1.53gm/cc was obtained at 6% glass & plastic 

mixed with the soil. Addition of glass & plastic in varying percentages showed a similar trends in the variation 

of optimum moisture content. The optimum moisture content curve shows an overall increase in the optimum 

moisture content. The maximum value of OMC was obtained as 2.26%, at 6% glass % plastic mixed with the 

soil. UCC result shows that there has been an increase in the unconfined compressive strength of the soil from 

0,609kg/cm2 to 3.23kg/cm2 (6% glass & plastic) which is about 5 times as that of the virgin soil. In CBR, the 
addition of glass &plastic into soaked soil resulted in a slight improvement in CBR value. The maximum CBR 

value was obtained as 7.14%, 2 times the CBR value of the virgin soil. The maximum CBR value was obtained 

with 6% glass & plastic by dry weight of soil and hence was taken as the optimum percentage of glass & plastic 

for stabilizing the soil. The addition of glass & plastic into soil increased the CBR value from 3.19% to 7.14% 

i.e. 2 times the CBR value obtained for unreinforced soil.  Free swell of the soil was able to reduce up to 1.5 

times than that of virgin soil.  Soaked CBR value of the soil increased from 0.15% to 1.2% by the addition of 

glass & plastic at an optimum percentage of 4% which is almost 2.3 times.  Ultimate Bearing Strength of soil 

increased from 705.62 KN/m2 to 1327.93KN/m2. From the obtained result of various tests conducted on the 

soil, an appreciative result was obtained at 6% glass & plastic mixed with the soil. Hence addition of 6% of 

stabilizer was taken as the optimum percentage of glass & plastic for stabilizing the soil. From the tests 

conducted and can be concluded that glass and plastic can be used effectively for the stabilization of Black 

Cotton soil. 

S.W.Thakare, Priti Chauhan et al. (2016) Carried out studied for Stabilization of Expansive Soil with Micro 

Silica, Lime and Fly Ash For Pavement investigated Stabilization of black cotton soil with lime, fly ash, lime 

and their combinations shows significant improvement in the unconfined compressive strength of soil to the 

extent of 3.8 times that of unstabilized soil. Optimum percentages of micro silica, lime and fly ash for stabilizing 

black cotton soil are found to be 5%, 3% and 3% respectively .Black cotton soil stabilized with lime, fly ash, 

micro silica and their combinations shows noticeable improvement in soaked CBR of soil up to extent of 6.5 

times of unstabilized soil.  Black cotton soil stabilized with lime, fly ash, micro silica and their combinations 

shows noticeable improvement in unsoaked CBR of soil up to extent of 1.8 times of unstabilized soil. 

Stabilization of soil with lime, fly ash, micro silica and their combination shows 57 % reduction in swelling 

pressure of soil. Stabilized reinforced soil shows the 83 % reduction in swelling pressure. Stabilization of black 

cotton soil with lime, fly ash, micro silica and their combinations shows 15 %, 14 % & 17 % reduction in 

pavement thickness for design traffic 50 msa, 100 msa & 150 msa respectively.  The thickness of flexible 

pavement may be reduced by 18.6 %, 18. 8 % and 21.5 % in for stabilized reinforced BC soil for design traffic 

of 50 msa, 100 msa and 150. 

Chhaya Negi, R.K. Yadav, A.K. Singhai et al. (2013) investigated the effect of silica fume on engineering 

properties of Black Cotton soil The BC soil-Micro Silica change the proctor compaction parameters. The 

addition of silica fume to the black cotton soil increase the optimum moisture content and decreases the 
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maximum dry density with the increase in silica fume content. The addition of silica fume to the black cotton 

soil improve the soaked CBR considerably. The addition of 20% silica fume to the black cotton soil increases 

the CBR strength by 72% approximately. There is a significant decrease in the swelling characteristics of the 

soil. The degree of expansiveness reduceses from “High to Low”. The addition of silica fume also increases the 

unconfined compressive strength. The UCS of stabilized samples significantly increases from 125.1 kN/m² to 

163.6 kN/m² i.e. approximately 31% increase. From the laboratory investigation it can be concluded that the 

industrial wastes like silica fume has the potential to modify the engineering characteristics of expansive clay 

like black cotton soil.  

 

M.M. Hossain, R.C.Malo & M.H.Safi et al. (2018) Investigation soil improvement using lime and polypropylene 

fibre that the result stated which the optimum value of the unconfined compressive strength was obtained for the 

concentration of 10% lime with addition of 2% polypropylene fibers by the weight of lime for clay and silt soil 

on the other hand 7.5% with 2% polypropylene fibers by the weight of lime for the sandy soil. The increase is 

more than many times from the base strength of the normal soil. It is also noticeable that when the percentage of 

sand increase the strength decrease for the resion of the run-on of lime and polypropylene fibres in the earth. 

The bearing capacity increase with curing time.  

 

Shivangi Bharadwaj , Dr.M.K.Trivedi et.al (2016) investigated Impact of Micro silica fume on engineering 

properties of expansive soil ,The waste materials such as micro silica fume (SF)can also be used as non –

traditional stabilizer for black cotton soils.This paper examines the effect of adding silica fume (SF) on the 

index properties of BC soils. From the series of laboratory experiments have been conducted on varieties of 

samples containing: 0%, 5%, 10% and 15% for silica fume, it is found that the index properties of soil have been 

improved by adding different percentage of silica fume. The swelling properties of BC soil have also improved. 

Thus expansive soil stabilized with micro silica fume can be used as a subgrade material for construction of 

flexible pavement in rural roads with low traffic volume. 

III. CONCLUSION 
From all the papers it is concluded that the use of silica fume changes compaction parameters of clayey soil, 

the maximum dry unit weight decreases with the increase of the SF content, while optimum moisture content 

increases with increasing SF content. After adding lime and silica fume in soil decreases the liquid limit the 

and adding silica fume-scrap tire rubber fibre mixtures increased the UCS, Ultimate Bearing Strength of soil 

increased by using plastic granule, it is found that the index properties of soil have been improved by adding 

different percentage of silica fume 
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