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Abstract 
 
As India is on the way of development, industrialization is increasing 
rapidly and also a great scarcity of land is there, the demand for 
utilization of industries wastes which coming from industries is 
increasing. From geotechnical point of view, the marble dust, rice 
husk, fly ash, blast furnace slag, foundry sand, glass waste, tiles waste, 
ceramics waste etc are the commonly used waste materials having 
effective characteristics required by a good soil stabilization 
admixture. The current research shows the effective utilization of 
micro silica fume in the improvement of sub grade characteristics of 
expansive soil. A number of 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. After the determination of 
omc and mdd of different proportion, the laboratory California bearing 
ratio (cbr) tests were conducted with the above proportion of micro 
silica fume and it was concluded that soaked cbr value of expansive 
soil blended with 10 % silica fume increased from 2.69 to 5.87 i.e. 
108.85 % similarly unsoaked cbr value increased from 7.45 to 15.56 
i.e. 118.21 %. 
 
Keywords: Compaction, California bearing ratio, Expansive soil, sand, 
micro silica fume. 
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1. Introduction 
The soil improvement or modification technique is basically used for improving the 
geotechnical properties of soil such as sub grade characteristics, shear strength, 
swelling and shrinkage characteristics, bearing capacity. The expansive soil, which 
also known as black cotton soil, is found in major parts of Madhya Pradesh and 
Andhra Pradesh of India and it covers  0.75X10⁶ km² approximately 21-24 % land 
area. It is types of a problematic soil contain the montmorillonite as a clay mineral 
hence whenever it comes in the contact of water they causes swelling and when water 
content removes, shrinkage occurs in the soil. The estimated results shows that it 
causes the structural damage of about $1000 Millions in USA, £150 UK, and many 
billions pounds in worldwide annually (Gourley et al., 1993).in recent years for the 
purpose of soil improvement, the industrial waste materials such as marble dust, fly 
ash, rice husk ash, phosphor-gypsum, cement kiln dust, copper slag, bagasse ash 
ceramic dust, waste steel chips, brick dust and lime were frequently used. The micro 
silica fumes are non crystalline waste by product produced from the electric arc 
furnace in the production of silicon or alloy containing silicon. About 100,000 tons of 
micro silica fumes are produced per year worldwide. The micro silica fumes generally 
having the particle size less the 1 micron. In recent few years it is used in as 
construction materials of concrete design as an alternative of Portland cement, hence in 
these research positive attempt is taken for effective utilization of micro silica fume as 
an admixture of soil improvement technique. 

 
2. Literature Review 
Sridharan et al (1985) shows the free swell index of Indian expansive soils. The 
volumetric change, due to seasonal moisture variation in expansive soil is reported by 
(Hausmann, 1990). Ramana Murthy (1998) studied the swelling pressure and the 
method of controlling swell of expansive soil. Choudhary et al (2011) shows the 
improvement in CBR values of expansive soil sub grade using geo synthetics. 
Numerous researchers have worked on the stabilization of soil using fly ash such as, 
Cokca (2001), White (2005), Bhuvaneshwari (2005), Edil et al (2006), Chauhan et al 
(2008), Brooks (2009), and Bose (2012) and they shows the effect of fly ash on the 
geotechnical properties of expansive soil. Similarly many researchers such as Abd.El-
Aziz M.et al.(2004),  Al-Azzawi et al.(2012), Kalkan et al. (2004), M.Karimi et al. 
(2011),M. Qamruddin et al.(2013),  Negi Chhaya et al.(2013) investigate the  
effectiveness of silica fume on the geotechnical properties such as swelling 
characteristics ,sub grade characteristics, unconfined compressive strength of soil. 

 
3. Experimental Program 
3.1 Materials  
The expansive soil is obtained from Gupta Farm House, Bagli Dewas, Mahya Pradesh 
(INDIA). Silica fume is obtained from Ropar power plant. According to ASTM 
classification system (ASTM D2487-11), the expansive soil was classified as clay with 
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high plasticity (CH) and the properties of expansive soil are given in Table 1. The 
micro silica fume (msf) is obtained as residue left after electronic precipitation of the 
burnt gases. The chemical composition of micro silica fume is given in Table 2. The 
specific gravity tests, consistency limit tests and the standard proctor tests were 
conducted in accordance with ASTM D854-10, ASTM D4318-10 and ASTM D698-
07e1 respectively. The physical properties of expansive soil and micro silica fume are 
presented in Table 1. 

 
 

Table 1: Physical properties of expansive soil, micro silica fume. 
 

Property Expansive Soil Micro silica fume 
Specific gravity 2.31 2.12 
Maximum dry density, g/cc 1.514  
Optimum moisture content, % 22.08  
Particle size - < 1µm 
Activity 2.76 - 
Differential free swell index, % 58.84 - 
Liquid limit, % 62.6 - 
Plastic limit, % 32.6 - 
Plasticity index, % 30.0 - 
Uniformity coefficient, Cu - - 
Coefficient of curvature, Cc - - 
Soaked CBR, % 2.67 - 

 
 

Table 2: Chemical composition of micro silica fume. 
 

Chemical Composition Chemical Composition (%) 
Silica (Sio2) 98.84 
Alumina (Al2o3) .04 
Calcium oxide (Cao) .63 
Iron oxide (Fe2O3) .03 
Potassium Oxide (K2O) .07 
Magnesium Oxide (Mgo) .01 

 
The hydrometer analysis tests were conducted as per ASTM D422-63. The particle 

size distributions of exansive soil tested as per ASTM D6913-04 (2009) are given in 
“Fig.” 1. 
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Figure1: Particle size distribution of 
expansive soil. 

 

Figure 2: Compaction characteristics of 
expansive soil-Micro silica fume mixes  

 
4. Results and Discussions 
4.1. Compaction Tests 
The standard compaction tests were performed in laboratory in accordance with ASTM 
D698-07E1.The water content-dry density curves of expansive soil mixed with micro 
silica fume varying from 5% to 20% are shown in Fig. 2. It is observed that maximum 
dry density (MDD) of the expansive soil-micro silica fume composite decreases with 
the increase in micro silica fume content up to 20% whereas the optimum water 
content (OMC) increases. This occurs due to the reason that the void spaces between 
the micro silica fume particles are occupied by the expansive soil particles. 

 
4.2. California Bearing Ratio Test 
The California bearing ratio tests were performed in laboratory in accordance with 
ASTM D1883-05.  

 

 
 

Figure 5: Variation of soaked CBR value with optimum mix. 
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5. Conclusions 
Based upon the above study the following conclusions can be drawn:  

1. The maximum dry density of expansive soil blended micro silica fume mix is 
reduced as addition of micro silica fume (Fig. 2). This occurs due to the reason 
that the void spaces between the micro silica fume particles are occupied by the 
expansive soil particles.  

2. The optimum water content (OMC) of expansive soil blended micro silica 
fume mix is increased as addition of micro silica fume (Fig. 2). 

3. The soaked California bearing ratio value of expansive soil improved 
significantly i.e. from 2.69% to 5.87% approximately % with expansive soil-
micro silica fume (90:10) composite mix (Figure 5). 

4. Thus, expansive soil stabilized with micro silica fume can be used as a sub-
grade material for construction of flexible pavements in rural roads with low 
traffic volume. 
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