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Abstract: 

This paper presents the results of a laboratory study undertaken to investigate the effect of marble dust and granite dust on the 

properties of clay soil. The clay soil has a poor supporting capacity and large change in  volume on variations of moisture co ntent. 

Such expansive soils may need to be improved to  make them suitable for construction activities. The objective of study is to 

evaluate the feasibility of industrial waste like marble dust and granite dust as soil stabilization  material. To  investigate  the effect 

of marble dust and granite dust on index properties of clay soil, a series of laboratory experiments have been conducted on clay 

soil samples mixed with 0%, 25%, 50%, and 75% of marble dust by weight of dry soil. The test results showed a significant 

change in consistency limits of samples containing marb le dust and granite dust. The liquid limit would decrease from 38.6% to 

17.33%. The plasticity index decreased from 13.6% to 3.13% and shrinkage limit increased from 4.366% to 40.88% with the 

addition of marb le dust and granite dust at 0%, 25%, 50%, and 75% of the dry weight of the clay soil. Also the permeability has 

increased from 0.151×10
-4

cm/s to 0.0803cm/s. From this laboratory investigation it is concluded that the waste material like 

marble dust and granite dust generated from stone industries has a potential to modify the characteristics of expansive clay soil. 

There is significant improvement in the index properties of the clay soil on addition of marble dust and granite dust into it . The 

expansive behavior of the clay has reduced to a great extent. 
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I. INTRODUCTION 

 

The construction on expansive soil always creates a problem 

for civ il engineers because of its swell and shrinks behaviour. 

When the clay soil comes in the contact of water then 

excessive swelling is caused and when water content decreases 

shrinkage occurs in  the soil. Because of this movement  lightly 

loaded structures such as foundations, pavements, canal beds, 

lin ings, and residential buildings founded on them are severely 

damaged (Chen, 1988).  Disposal of waste materials generated 

from different industries causes many problems like 

environment pollution in the nearby locality, scarcity of land 

for d isposal, etc. In  this paper the results of soil stabilization 

with marb le dust and granite dust are presented and we expect 

to confirm that this represents an environmentally friendly 

process, as using material of nature, which  is abundant and 

this provides the basis for improved building constructions 

and road constructions, from the b iological, technical and 

economical points of view. And this paper envisages the effect 

of marb le dust and granite dust on the properties of clay soil.  

 

II. CHARACTERISTICS  OF CLAY SOIL 

 

 Clays are plastic due to that water content and 

become hard, brittle  and non–plastic upon drying or 

firing. 

  Depending on the soil's content in which it is found, 

clay can appear in various colours from white to dull 

grey or brown to deep orange-red. 

 Generally clay soil feels slightly sticky and dense. 

They feel s mooth (not gritty) when a piece is rubbed 

between finger and thumb.  

 A moist fragment can be rolled into a ball and then 

into sausage shape with no cracking. If, after being ro lled  

into a clay sausage the moist surface becomes shiny 

when rubbed, it is likely that the soil is especially rich in  

clay and is termed‘heavy clay’. 

III. EXPERIMENTAL PROGRAM 

 

Materials used: 

CLAY SOIL: 

 Clay is a fine-grained soil material that combines one or more 

clay minerals with traces of metal oxides and organic matter. 

Geologic clay deposits are mostly composed of phyllosilicate 

minerals containing variable amounts of water trapped in the 

mineral structure.  Here we used in the study is little  bit silty 

clay soil taken from sethu institute of technology college 

campus, kariaptti. 

 

MARBLE DUST: 

 Marble dust is basically  a waste product and is produced 

during the cutting and grinding process of the marble pieces. 

The amount of marble slurry generated is very substantial. It is 

easily availab le from the marble cutting shops in the local 

market. Here, we bought marb le dust from our local marble 

shop in simmakkal, Madurai. 
 

 
Figure.1. Marble dust 
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GRANITE DUS T: 

Granite dust is a finer material which is obtained during the 

cutting and polishing process of granite stones in industries. It 

is produced at the range of 5-6 million tons per annum. It 

usually looks bright whit ish color. For this study, we bought 

granite dust from Vinayaga granites, poovandhi. 

 

Figure.2. Granite dust 

 

IV. TES T METHODS 

 

The following methods has to be conducted 

 Liquid limit test 

 Plastic limit test 

 Shrinkage limit test 

 Permeability test by falling head method 

 

V. PROCEDURE 

 

LIQUID LIMIT TEST: 

Weigh about 120 gms of soi passing through 420 micron I.S. 

Sieve. The soil sample is placed on the evaporating dish and 

thoroughly mixed with water using spatula until the mass 

becomes a thick paste of putty like consistency. The 

casagrande's device is checked to have a correct fall of 10 mm 

and placed a portion of the prepared paste over the brass cup. 

A portion of the mixture is placed in the cup and leveled with 

the spatula to maximum depth of l cm. The grooving tool is 

used to cut a groove in  the middle of the soil cake. The cam is 

rotated at a rate of 2 blows per second and the rotations are 

until the groove closes over a length of 12 mm. A small 

quantity near the centre of test sample is collected in a 

container and weighed it. The sample is kept in  the oven for 

24 hours and weighed. The difference of the two weights give 

the weight of water and from that the moisture content is 

found out by the dry weight. The experiment is repeated by 

adding more water .The moisture content corresponding to 25 

blows will g ive the liquid limit for the sample.  

 

 
Figure.3. Casagrande device 

PLAS TIC LIMIT: 

A sample of about 50 gms is taken from the given soil sample. 

The sample is thoroughly mixed with water on the glass plate 

until it  is plastic enough to be rolled into a ball. The ball of soil 

is then rolled between the hand and the glass plate so as the soil 

mass into a thread of 3 mm d iameter without breaking. The soil 

is then kneaded together and rolled out again. The process of 

kneading and rolling thread is repeated until the soil just ceases 

to be plastic and crumbles. The portions of the crumbled soil 

are gathered together and placed in a container for moisture 

content determination. The test is repeated twice more with 

fresh samples. The average of the three water contents gave the 

plastic limit of the soil. 

 

 
Figure.4. plastic limit test specimens and shrinkage limit 

test specimens 

 

SHRINKAGE LIMIT TES T: 

About 30 gms of soil passing through 425 micron sieve is 

mixed with distilled water. The water added should be 

sufficient to make the soil pasty enough to be readily worked 

into the shrinkage dish without intrusion of air bubbles. The 

inside of the shrinkage dish is coated with a thin layer of 

Vaseline. The sample is placed in the dish by giving gentle 

taps. The top surface is struck off with a straight edge. The 

shrinkage dish is weighed immediately full of wet  soil. The 

dish is dried first in air and then in an oven. The shrinkage 

dish is weighed with d ry soil pat. The shrinkage dish is 

cleaned and dried to determine its empty mass. An empty 

porcelain dish is also weighed which will be used for 

weighing mercury. Th is dish is known as mercury weighing 

dish. The shrinkage dish is kept in a large porcelain d ish, and 

is filled to over flow with mercury and excess is removed by 

pressing the plain  glass plate firmly over the top of the dish. 

The content of the shrinkage dish is transferred to weighing 

dish and is weighed. The glass cup is placed in a large dish, 

and it is filled to overflowing with mercury the excess is 

removed by pressing the glass plate with  three prongs firmly 

over top of the cup. The outside of the glass cup is wiped to 

remove any adhering mercury, then it is placed in another 

large dish, the dry soil is placed on the surface of the mercury 

and it is submerged under the mercury by pressing with the 

glass plate with prongs. The mercury displaced by the d ry soil 

pat is transferred to the mercury weighing dish and is weighed. 

 

PERMEABILITY TES T US ING FALLING HEADS 

METHOD: 

Prepare the soil specimen in the permeameter and saturate it as 

exp lained in the constant head permeability test. Keep the 

permeameter mould assembly in the bottom tank. Connect the 
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water in let nozzle of the mould to the stand pipe filled with 

water. Permit water to flow for some time till steady state of 

flow is reached. Note down the time interval required for the 

water level in the stand pipe to fall from some convenient 

initial value (h1) to some final value (h2). Repeat the above 

step at least three times and determine the time for water level 

in the stand pipe to drop from the same in itial head to the same 

final value. 

 
Figure.5. Permeameter  

 

VI. TES T RES ULTS  

 

The following table represents the test results of clay soil,  

marble dust and granite dust at 0%,25%,50%,75%.  

 

VII. CONCLUS ION 

 

Based on extensive laboratory tests conducted on clay soil 

mixed with marble dust and granite dust at 0%, 25%, 50%, 

75% by weight of clay. The fo llowing conclusions can be 

drawn:  

 The liquid limit values of the samples are decreasing 

with the inclusion of marble dust and granite dust into the clay 

soils. The liquid limit is decreased from 38.6% to 17.33 % 

when marb le dust and granite dust content mixed together at 

0%, 25%, 50%, 75% to the weight of the clay soil.  

 The plastic limit  is decreased from 25% to 14.2 % 

when marb le dust and granite dust content mixed together at 

0%, 25%, 50%, 75% to the weight of the clay soil. There is a 

significant reduction in  plasticity index values from 13.6% to 

3.13%.  

 The shrinkage limit has been increased from 4.366% 

to 40.88 % when marb le dust and granite dust content mixed 

together at 50%.  

 Permeability has been increased from 0.151×10-4 

cm/sec to 0.0803.  

 From the above laboratory investigation, it can be 

concluded that the industrial waste like marble dust and 

granite dust has a potential to modify the characteristics of 

clay soil and to make it suitable in many geotechnical 

applications.  

 The stabilizat ion of clay soil with marble dust and 

granite dust represents an environmentally friendly process as 

using materials of nature which are abundant and they provide 

the basis for improved build ing construction and road 

construction from the b iological, technical and economic 

points of view.  
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S.No Particulars 

of tests  

Clay 

soil 

75%  

clay + 

25%  of 

marble 

dust 

and 

granite 

dust 

50%  

clay + 

50%  of 

marble 

dust 

and 

granite 

dust 

25%  

clay + 

75%  of 

marble 

dust 

and 

granite 

dust 

1 Liquid limit  

% 

38.6 37.85 25 17.33 

2 Plastic 

limit% 

25 16.6 14.2 14.2 

3 Plasticity 

index% 

13.6 21.25 10.8 3.13 

4 Shrinkage 

limit% 

4.366 10.58 40.88 29.01 

5 Permeability 

(cm/s) 

0.151

×10
-4 

6.129×

10
-4  

4.04× 

10
-4  

0.0803 


