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ABSTRACT 
Bulk utilization of marble dust needs to be done to enhance the sustainable construction activities and to embrace 
safe environment. In present study, the geotechnical properties of untreated and treated black soil with marble dust 
were studied in detail to check its potential to improve the properties of soil. The experimental works include particle 
size analysis, modified free swell index, specific gravity, compaction characteristics, California Bearing Ratio (CBR), 
and pH. The results showed that the physical properties of black soil are improved significantly by addition of marble 
dust. Further, addition of marble dust leads to increase in the pH and reduction in the swell index of soil. Further, the 
CBR values of mix tested at respective optimum water content and maximum dry density increases with addition of 
marble dust up to 25%. The improvement in the gradation of soil and the formation of cementitious compounds are 
the key factor to improve the properties of soil with addition of marble dust.    
 
 
 
1. INTRODUCTION  
 
Soil stabilization is the process of altering the properties 
of a soil by applying some additives to meet specific 
engineering requirement (Jha and Sivapullaiah, 2015). 
The black cotton soil is covered approx. 1/5 area or 
20% area in India. Expansive soils are those which 
show volumetric changes in response to changes in 
their moisture content (Al-Rawas et al., 2005). 
Expansive soils are highly problematic because of the 
susceptibility of these soils to undergo large changes in 
volume due to fluctuation in the moisture content 
(Sharma, 2003; Wheeler et al., 2003). Black cotton soil 
is not suitable for to employ in highway or airfield 
construction because they contain high percentage of 
plastic clay (Osinubi, 2006). 

Rajasthan is marble center of the India and it 
produces about 85% of total marble dust of the country 
which is 90% of the world (Pappu et al., 2006). Various 
harmful effect is being observed in the environment and 
in general public due to wastage of marble slurry which 
is enduring waste cause air and water pollution, 
contamination of surface and ground water, accident 
due to unscientific dumping (Celik and Sabah, 2008). 

Marble is a metamorphic rock which formed due to 
the high temperature and pressure. Marble slurry is 
generated as a waste during the cutting and polishing of 
the marble. When it dumped on land, it adversely affect 
the productivity of the land due to decreased porosity, 
water absorption, water percolation etc. 
(Vishwakarmaamit, 2013).The wastage of marble is 
consumed in the manufacture of concrete mix, as filler 
materials for roads and embankments, manufacture of 
bricks and Portland cement, ceramic tiles, lime, 
acetated calcium carbonate, hollow blocks and wall 
tiles, and in decorative plastic coating. Further, it has 
been reported that utilization of marble dust leads to the 
reduction its environmental impact and is economically 
beneficial (Singh et al., 2017). Still, the utilization of 
marble dust on the highway construction is ordinary. 

Marble Slurry is a suspension of marble fines in 
water, generated during processing and polishing, etc. 

The marble waste/slurry is predominated with calcium 
carbonate (CaCO3), magnesium carbonate (MgCO3), 
calcium oxide (CaO) and magnesium oxide (MgO) and 
usually containsotherimpurities such as: clay minerals, 
micas, quartz, pyrite, iron oxide and graphite (Segadães 
et al., 2005).Generally, calcium is the main component 
of marble dust which plays a key role to modify and 
stabilize the soil. This reaction is proceed in the 
presence of water and developed following basic 
mechanism: (i) cation exchange or ion exchange; (ii) 
flocculation and agglomeration; (iii) pozzolanic reaction 
and (iv) carbonation. These (cation exchange & 
flocculation) reaction are further divided into short term 
reaction which result an increase in the soil workability, 
shear strength and plasticity (Bell, 1996).The other two 
reactions are very much responsible for the strength of 
soil. Therefore, the aim of the present work is to take 
advantage of free calcium of marble dust to modify and 
stabilize the problematic soil (i.e. black soil). 

Several research has been done on the stabilization 
of problematic soil mainly are focused on the utilization 
of waste materials like rick husk, stone quarry dust, 
GGBS and fly ash. Still, very few researchers have 
work on the utilization of calcium based marble dust on 
the effective utilization on problematic soil for 
sustainable and eco-friendly construction.Misra et al. 
(2009) mentioned that marble slurry waste can be 
effectively used for sub-grade preparation. The 
plasticity and California Bearing Ratio (CBR) of red 
tropical soils are improved with marble dust; however, 
strength development is not enough to suit as base 
materials (Okagbue and Onyeobi, 1999).Tozsin et al. 
(2014) suggested that marble waste can be used as soil 
amendments for the neutralization of acid soils. 
However,relatively very few research has been carried 
out by considering the factors like environmental, 
physical and chemical.  

The present work is focused to investigate the 
potential of marble dust to improve the geotechnical 
properties of black soil. To accomplish the objectives, 
the characterizations of soil and marble dust are done 
by performing various laboratory experimental tests 
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such as Atterberg’s limits, particle size analysis, 
compaction characteristics, CBR, mineralogical and 
microstructure).Further, the effects of varying marble 
dust (0 to 25%) on the physical and engineering 
behaviors (specific gravity, liquid limit, modified free 
swell index, pH, compaction characteristicsandCBR) 
are examined thoroughly. 

 
 

2. MATERIALS USED AND METHODOLOGIES 
FOLLOWED 

 
The geotechnical properties of soil and marble dust are 
presented in Table 1. 

The soil used in the present work was collected from 
the depth of 1-1.5 m below the ground surface, 
Shivdaspura village, Jaipur district, Rajasthan, 
India.The Marble dust is collected from the query site of 
Kishangarh, Ajmer, Rajasthan. For all experimental 
purpose materials passing through IS 425 micron sieve 
is used. 

 
 

Table 1. Geotechnical Properties of Soil and Marble 
Dust 
 

Property Soil Marble Dust 

Sand (4.75 – 0.075 mm), %  11.00 96.50 

Silt (0.075 – 0.002 mm), %  13.00 3.50 

Clay (<0.002mm), %  76.00 - 

Specific Gravity 2.38 2.74 

Liquid limit, % 49.00  17.6 

Plastic limit, % 29.18 – 

Plasticity index, % 19.81 – 

Shrinkage Limit, % 11.65 – 

Differential free swell index, 

% 
70.00 

– 

Optimum water content, % 20.80 15.03  

Max. dry density, gm/cm3 1.62 1.87  

CBR, % 1.62 2.45 

pH value  8.07 8.20 

 
 
The particle size analysis done as per Indian 

Standard (IS) – 2720 (Part 4) (1985)of soil show the 
presence of sand sized particle (4.75 – 0.075 mm) of 
11.00%, silt sized particle (0.075 – 0.002 mm) of 
13.00%and clay sized particle (<0.002mm) of 76.00%. It 
is observed that black cotton soil is predominated with 
clayey size particle whereas marble dust contains 
predominant amount of sand size particle (i.e. 96.50%). 
The specific gravity (IS-2720 (Part 3) (1980)of soil (i.e. 
2.38) is observed to be less than that of the marble dust 
(i. e. 2.74). Atterberg’s limits (liquid limit, plastic limit 
and shrinkage limit) of parent materials and soil-marble 
dust mixes are determined by following the standard 
procedure of IS-2720 (Part 3) (1985), IS-2720 (Part 5) 
(1980); IS-2720 Part 6 (1972), respectively. The results 
indicate that liquid limit of soil is higher than non-plastic 
marble dust. Differential free swell, also termed as Free 
Swell Index (FSI), is performed as per as per Indian 
Standard (IS) (2720 Part (40) (1977). The black soil has 
70% free swell index.  

The compaction characteristics (Optimum Water 
Content and Maximum Dry Density) of parent materials 

and mixes are determined by carrying out mini 
compaction test procedure developed by Sridharan and 
Sivapullaiah (2005). It is interested to observe that 
optimum water content (OWC) of soil (i.e. 20.80%) are 
more than marble dust (i.e. 15.03%) whereas maximum 
dry density of soil (i.e.1.62 gm/cm3) is lower than marble 
dust (1.87 gm/cm3). The California Bearing Ratio (CBR) 
is performed on the samples compacted at their 
respective OWC and maximum dry density as per 
procedures given in IS 2720 Part 16 (1987). The CBR 
value of marble dust (i.e. 2.45%) is higher than that of 
soil (i. e. 1.62%).  

The pH test of parent materials and mixes is 
conducted according to IS-2720 (Part 26) (1987). The 
instrument was calibrated with standard buffer solution 
of pH 4.0, 7.0 and 9.0 prior to determine pH value of all 
samples. The pH of soil and marbled dust is observed 
to be 8.07 and 8.20, respectively.  

 
 

 
Figure 1. XRD analysis of black cotton soil 

 
 
The X-ray diffraction (XRD) spectrometer is 

performed to determine the mineralogical composition 
of the Black soil by using graphite mono-chromator and 
Cu-Kα radiation. The scanning angle of the sample for 
2θ is 3° to 90°. The data file which is developed by the 
Joint Committee on Powder Diffraction Standards 
(JCPDS, 1999) is used to identify the presence of 
various minerals in the sample. The XRD analysis of 
soil shows the presence of montmorillonite, aluminum 
oxide and quartz as predominant minerals.   

Field Emission Scanning Electron Microscope 
(FESEM) coupled with Energy Dispersive X–ray 
Spectroscopy (EDAX) is performed to examine micro 
structural and chemical composition of soil. A small 
amount of oven dried soils are mounted on the 
aluminum mounting disc (also called SEM stubs) with 
the help of carbon tape. Prior to SEM examination, the 
sample was coated with 100 Å thin layer of gold 
palladium for 38 second using a sputter coater, poloran 
E5100 at 10–3Torr Vacuum. The gold coating is done in 
order to avoid charging problem during imaging. 
Microscopic images of black soil (Fig.2) pronounce the 
several voids with honeycomb networking patterns. The 
chemical composition analysis of soil shows the 
presence of Silica (Si) and Aluminum (Al) as 
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predominant mineral with minor amount of magnasium 
(Mg) and Sodium (Na) (Fig. 3). 

 
 

 
Figure 2. SEM images of black soil 

 
 

 
Figure 3. EDAX analysis of soil   
 

 
3. RESULTS AND DISCUSSION 

 
3.1 Effect of marble dust on the specific gravity of soil 
 

Fig. 4 shows the effect of varying marble dust content 
on the specific gravity of black cotton soil. 

The investigation shows that the specific gravity 
increases continuously after replacement of black soil 
with different amount of marble dust up to 20%. The 
increase in specific gravity with addition of marble dust 
is attributed to the higher specific gravity value of 
marble dust (i.e. 2.74) than that of black soil (i.e. 2.38). 

 
3.2 Effect of marble dust on the plasticity    
characteristic of soil 
 
The effect of varying marble dust content up to 25% 
plasticity of the soil is shown in Fig. 5. 

The results show the drastically reduction in the 
liquid limit of soil with increase amount of marble dust. It 
is reported that liquid limit of soil is ascribed to the void 
water present both within floccules and between the 
clay particles comprising the floccules (Terzaghi and 

Peck, 1967).Hence, the reduction in liquid limit of soil 
with addition of marble dust may be due to i) the 
aggregation of soil particles at micro-level due to 
reaction between aluminium and silica present in soil 
with free calcium present in marble dust;andii) lower 
liquid limit value of marble dust compared to soil. 
 
 

 
Figure 4. Variation of specific gravity of black cotton soil 
(BCS) with addition of marble dust (MD) 
 

 
Further, plastic limit of soil reduces with increase in 

addition of marble dust and hence, the derivative of 
liquid limit and plastic limit i.e. plasticity index also 
decrease. This behaviour of the decrement in the 
plastic limit is attributed to the cation exchange process 
between the cation of the soil and those of the 
stabilizers (Al-Rawas et al., 2005) and replacement of 
particles with non-plastic particles of marble dust.  
 

 
Figure 5. Variation of liquid limit (LL), plastic limit (PL) 
and plasticity index (PI) of soilwithmarble dust 
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3.3 Effect of marble dust on the shrinkage limit of soil 
 

The effect of replacement of soil with varying marble 
dust on the shrinkage limit is shown in Fig.6. Shrinkage 
limit of soil increase with addition of marble dust up to 
the 15% and reduces thereafter. The variation in 
shrinkage limit is due to the change in fabric of soil 
amended with marble dust 
 
 

 
Figure  6. Variation of shrinkage limit of soil with 
addition of marble dust 
 

 
3.4 Effect of marble dust on the compaction 
characteristics (maximum dry density and optimum 
water content) of soil 
 

Influence of marble dust on the Maximum Dry Density 
(MDD) and Optimum Water Content (OWC) of soil is 
shown in Fig.7. 

 
Figure 7. Variation of compaction characteristics of soil 
with addition of marble dust 

 

 
It is observed that addition of marble dust leads to 

increase in the dry density with reduction in optimum 
water content of soil. The increase in maximum dry 

density and reduction in OWC of soil with addition of 
any marble dust content is primarily due to the its higher 
value of maximum dry density and lower value of OMC 
compared to soil, coarser solid particles and higher 
specific gravity of marble dust. Further, this is due to the 
grain size distribution, which becomes well graded with 
the addition of quarry dust yielding higher dry density. 

3.5 Effect of marble dust on the pH of soil 
 
The effect of replacement of soil with varying marble 
dust on the pH is shown in Fig.8. 

 

 

 

Figure 8. Variation of pH of soil with addition of marble 
dust  
 
 

It is observed that pH of soil increases drastically 
with addition of marble dust up to 15% and reduces 
thereafter with addition of 20%. The increase in pH 
value of soil is due to the higher of pH value of marble 
dust (Table 1) and availability of free calcium in the 
marble dust. The reduction in the pH of soil with 20% 
marble dust shows the ineffectiveness of free calcium 
present in the marble dust.  

3.6 Effect of marble dust on the free swell index (FSI) of 
soil 
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Figure 9. Variation of FSI (%) of Black soil (BCS) with 
addition of marble dust (MD) 
 

 
The Fig. 9 shows the reduction in FSI of soil with 
increase in the amount of marble dust. The reduction in 
FSI of soil may be due to the reduction in diffuse double 
layer which causes the attraction of particles. Further, 
replacement of swell particle of soil with non-swell 
particle of marble dust may be the cause of reduction in 
FSI of soil.  

3.7 Effect of marble dust on the California bearing ratio 
(CBR) of soil 
 

Influence of marble dust on the California bearing ratio 
(CBR) of soil is shown in Fig. 10. 

The mechanical strength of the material for the 
highway construction is defined as its CBR value. The 
investigation shows the higher CBR value of the query 
dust compare to black soil at OMC (Table 1). 

CBR values of mix compacted at respective 
optimum water content and maximum dry density 
increases with addition of marble dust up to 20%, and 
shows asymptotic behavior thereafter. The increase in 
CBR value is due to the improvement in angle of 
shearing resistance of soil–marble dust mixtures. 
Further, increase in the maximum dry density with 
reduction in OMC also leads to the increase in 
penetration resistance of 50mm diameter plunger and 
thereby, increase in the CBR values of soil-marble dust 
mix.  

 

Figure 10. Variation of CBR of soil with addition 
ofmarble dust  
 
 

4. CONCLUSION  
 

The effect of varying amount of marble dust on black 
cotton soil is investigated in details. The major 
conclusion that can be drawn from the present study, 
are as follows: 
1. The specific gravity of the black cotton soil is 

increased with the increment in the amount of the 
marble dust up to 20% addition.  

2. Plasticity index of soil reduces with decrease in 
liquid limit and plastic limit after addition of non-
plastic marble dust. The shrinkage limit is also 
improved up to 15% addition of marble dust further 
addition of marble dust reduced the shrinkage limit.  

3. The dry density of black cotton soil increase with 
reduction in OWCwith addition of marble dust. The 
pH of soil increases with addition of marble dust. 

4. Addition of marble dust reduces the free swell 
index of black cotton soil.  

5. CBR of soil increases with the varying amount of 
marble dust which attributes its utilization for 
highway construction. 

The present study reveals that the marble dust 
improves the physical as well as engineering behavior 
of the black cotton soil. Improvement in CBR with the 
addition of marble dust signifies its utilization for the 
highway construction. However, CBR of soil-marble 
dust mixes need to be done for soaked condition to 
understand the change in CBR value.  
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