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IINNTTRROODDUUCCTTIIOONN  

 

1.1  GENERAL 

Due to rapid growth in urbanization and industrialization there has been a 

phenomenal increase in civic amenities and communication networks. But there is a 

shortage of suitable land for civil engineering activities because the soil available may 

be clayey, loamy and black cotton soil. It is also not necessary that the site conditions 

available may be satisfactory and strong enough to bear the load coming on it. As, the 

fine grained soils are the most problematic soils because different types of volumetric 

changes are observed, when acted as supported material below foundations. Hence, it is 

always a challenge for the designers to plan the structures on such soils. So, many 

researchers try to find solution to overcome this issue. And one such economic solution 

is soil stabilization, i.e., to enhance the soil properties by introducing different additives 

in it. 

The fine grained soils are stiff when they are dry but when they get saturated 

they give up their stiffness. Hence, soil stabilization is done when the exigencies of the 

poor quality of soil demanded it. Usually stabilization using fly ash and lime stones is 

selected but it is not favorable as these additives possess pozolanic property. The major 

drawback with these additives is that they are not coarser than the soil; therefore some 

of the geotechnical properties are left to be modified. But simply mixing coarser soil in 

such poor soil is also not a solution. Hence we need such additives which possess both 

pozolanic nature as well as coarser particles in them so that desirable strength is 

achieved in the existing soil. 

Stone dust is such a material which possesses both pozolanic characteristics as 

well as coarser particles in it. Stone dust is obtained from stone crushing industries as a 

by-product. This is available to a generous extent of 200 million tonnes per annum. 

Since, this waste is disposed off without treatment therefore creates environmental 

problems. 

Generous amount of waste is produced every year is India, disposal of which is 

very difficult due to high costs involved in its treatment. Theses wastes are dumped 

Chapter 1 
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untreated at open sites or discharged into the rivers. If these wastes are not utilized they 

get accumulated with time, which can lead to many new problems. Therefore, 

utilization of these wastes becomes necessary. With the advancement in technology, 

researchers utilize these wastes to ameliorate the geotechnical properties of soil to make 

it suitable for construction activities. Utilization of waste materials such as rice husk 

ash, sawdust ash, fly ash, coir fibre, agro waste, rubber tyre waste, stone dust, brick ash 

dust, etc., are suggested by many researchers to enhance the soil properties to make it 

suitable for construction.  

Many researchers in the past have studied modifications in geotechnical 

properties of soil and suitability of poor soils when mixed with stone dust. Various 

methodologies and testing techniques have been proposed for finding suitability and 

modification in characteristics of different types of soil when mixed with stone dust. 

Chetia et al. (2018) studied the effect on compaction characteristics of clay and 

suggested that these quarry dust can replace sand in construction activities and found 

MDD increases and OMC decreases with increase in quarry dust content of any 

gradation. Many researchers find the suitability of this additive in soil sub grade or sub 

base in flexible pavements by conducting tests on CBR of various soil samples. 

Abdulrasool (2015) and Visalakshi et al. (2018) study the strength properties of 

different soil when stone dust was added. Similarly many other researchers work on 

different properties like OMC, MDD, liquid and plastic limits of such soil when stone 

dust was used as additive. Besides, many other researchers also focused on 

improvisation of geotechnical properties of various soils when mixed with stone dust 

and other additives such as rice ask ash, fly ash, lime, polypropylene fibres etc. which 

are presented in chapter 2. 

After studying various previous studies, it was observed that all such studies 

have focused only on some geotechnical properties like consistency limits, compaction 

characteristics, CBR and unconfined compressive strength and very little has been done 

so far on other geotechnical properties like permeability, shear strength parameters 

when fine grained soil is mixed with stone dust. The present study emphasizes on 

geotechnical properties such as compaction characteristics, permeability, shear strength 

parameters, CBR and unconfined compressive strength of clayey soil when mixed with 

stone dust. 
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1.2  STONE DUST: AN OVERVIEW 

Stone dust is a waste material which is obtained enormously from crusher plants 

in India. Each crusher unit is estimated to produce 15-20% stone dust (Mishra et al. 

2019). The disposal of this waste causes many geo environmental problems. A critical 

evaluation has been done by many researchers for the effective utilization of this waste 

alone or with some other additives with an intention to stabilize soil properties as the 

mineral composition of stone dust is comparable with sand and inertness of coarse 

grained structure (Chetia et al., 2018).  

Stone dust possesses both pozzolanic and cementations properties. It is 

characterized by enhanced hardness and low expansion. Stone dust fulfils the primary 

function to provide strength to soil and consequently improving deformation 

characteristics of weak soil regions. It has also been identified to have high shear 

resistance and is beneficial to use it as a stabilizing material. It improves the density of 

soil as they consist of angular particles which have more interlocking strength when 

mixed with soil. Therefore, its applications are major in construction of sub base for 

roads, backfill, capping layer, etc. 

Many researchers have reported its suitability in sub base of flexible pavements, 

as a replacement of sand, as a replacement of clay layer in core of earth dam, at RCC 

dam to replace filler, at urban waste site to prevent waste leachate seepage, as a 

replacement of fine aggregate in concrete, etc. 

1.3  SCOPE OF THE STUDY 

The main objective of this study is to analyze the modifications in the 

geotechnical properties of soil (clayey with low compressibility) when stabilized 

using stone dust (poorly graded sand). This study attempts to explain the effect of 

stone dust on selected soil when mixed in percentages varying from 0 to 50% (i.e., 

0%, 10%, 20%, 30%, 40% and 50%) in order to predict the transformations in its 

strength, permeability, compaction characteristics and consistency. 

In view of the above, the present study has been chosen, planned and carried out 

involving an extensive laboratory investigation, in order to specifically achieve the 

following objectives: 
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 A comprehensive review of previous studies on modification in geotechnical 

properties of soil using stone dust only and a brief review on the stabilization 

when soil mixed with stone dust and other additives like polypropylene fibres, 

rice husk ash, fly ash etc. 

 Laboratory investigation of the index properties such as specific. gravity, grain 

size. distribution (with; coefficient of uniformity and coefficient of curvature), 

consistency limits, i.e., liquid limit, plastic limit and plasticity index of both soil 

and stone dust and their mix samples. 

 An evaluation of the classification of soil and stone dust samples based on the 

results obtained from laboratory investigation of the index properties. 

 Laboratory study of the compaction characteristics of the samples using proctor 

tests. 

 To study the effect on permeability of the soil when stone dust was mixed in 

varying percentages. 

 A thorough experimental investigation of the shear strength parameters using 

direct shear test apparatus. 

 A series of unconfined compression tests were performed to study the 

compressive strength of various samples prepared. 

 California bearing ratio of soil samples were obtained by performing a series of 

CBR tests in the laboratory. 

1.4       ORGANISATION OF THE THESIS 

The thesis is divided into 5 chapters. The present chapter is intended to provide 

a general introduction to the research problem and structure of the thesis. 

Chapter 2 presents an extensive overview of the various aspects relevant to the 

present study, with emphasis on the modifications in the geotechnical properties of soil 

when stone dust is added and also when stone dust is combined with other additives. 

Chapter 3 describes the sampling areas of soil and stone dust, the specimen 

preparation, testing program and procedures involved. 
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Chapter 4 is devoted to the discussion of the experimental results obtained from 

various laboratory tests like particle size distribution test, consistency limit test, 

compaction test, permeability test, direct shear test, unconfined compression test and 

California bearing ratio test. 

Finally the conclusions drawn on the basis of the results of previous sections 

and suggestions for further work are made in chapter 5, followed by the list of 

references. 

 



  
RReevviieeww  ooff  
LLiitteerraattuurree  
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RREEVVIIEEWW  OOFF  LLIITTEERRAATTUURREE    

 

2.1 GENERAL 

 Appropriate soil sites available for carrying out construction activities are very 

seldom occur in nature. This is because of the tremendous increase in civil engineering 

activities and the soil available may be clayey, loamy or black cotton soils and working 

on these soils is always puzzling for engineers as they show large volume changes 

when acted as supporting material below the foundations. Therefore, engineers find an 

economical solution to overcome this issue and hence suggest the idea of soil 

stabilization with an objective of modification in the geotechnical properties of weak 

soil deposits.  

  Many investigators have studied the effect of stone dust alone and with other 

additives on different geotechnical properties of soils (with different nature). Many 

geotechnical tests like consistency limit tests, proctor compaction tests, direct shear 

test, unconfined compressive strength test and California bearing ratio tests were 

performed but less emphasis was given on other soil properties like permeability and 

shear strength characteristics.  

 A critical review of literature concerning important aspects of effect of stone 

dust alone and with other additives on some geotechnical properties of soil is carried 

out. The various factors affecting compaction, strength, consistency, permeability and 

index properties of soil are reviewed to orient the present study on the effect of stone 

dust on weak soil in the light of conclusions drawn from them.  

 The present review of literature is concerned with the work done by researchers 

on effect of stone dust alone and with other admixtures on geotechnical properties of 

soil as listed below: 

 Liquid limit. 

 Plastic. limit  

 Plasticity index. 

 Compaction characteristics; 

Chapter 2 
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 Unconfined compressive .strength 

 California bearing ratio 

  Effect on values of cohesion and angle of internal friction 

 Permeability 

2.2 EFFECT ON VARIOUS GEOTECHNICAL PROPERTIES OF SOILS BY 

ADDING STONE DUST ALONE AND WITH OTHER ADDITIVES  

2.2.1 ALTERATIONS IN LIQUID LIMIT 

 Liquid limit is the minimum water content at which the soil is in liquid state, 

but has negligible shearing strength. Most research carried out till date reflects that 

liquid limit will show a decrement trend with increase in the percentage of stone dust. 

 Muley et al. (2010) reported that the value of liquid limit decreases as 41%, 

36%, 29% and 28% respectively with increase in stone dust percentage to 0%, 10%, 

20% and 30%, when mixed with soil (SC). Similarly, Muley and Jain (2013) in a study 

on effect of stone dust on different soils like black cotton soil, yellow soil and red 

murrum observed that the value of liquid limit was showing a declining trend when 

stone dust was mixed in percentages 0%, 10%, 20% and 30% with three different soils. 

Black cotton soil classified as MH shows a decreasing trend of liquid limit (56%, 48%, 

42% and 30%) when stone dust was used as additive mixed in different percentages 

(0%, 10%, 20% and 30%) in a study done by Bshara et al. (2014). LL values were 

reduced by adding 0, 5, 10, 15 and 20 percentage of quarry dust respectively according 

to a study done by Visalakshi et al. (2018) on expansive soils (CH) when treated with 

quarry dust. Rana et al. (2018) also observed a decreasing trend in liquid limit when 

low plastic to low compressible soils were treated with crusher dust (SP). Al Rawi et al. 

(2018) observe a decreasing trend when sand additive was mixed in percentages 0, 2, 5, 

10 and 20% with the fine grained soil. When bentonite soil was treated with stone dust 

in percentages 5, 10, 15, 20 and 25%, the value of liquid limit was observed to decrease 

by Jat and Purohit (2017). Indiramma and Sudharani (2016) observed a decreasing 

trend in LL value when CI soil was mixed with quarry dust. According to one more 

study on expansive soil treated with stone dust, Dixit and Patil (2016) found a 

decreasing trend in the value of liquid limit as 51, 44, 37, 30 and 26 when stone dust 
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was added in 10, 20, 30, 40 and 50% respectively. Agarwal (2015) on the basis of his 

experimental study observed a decreasing trend in the value of liquid limit when CL 

soil was mixed with stone dust (SP). Venkateswarlu et al. (2015) in his study on 

expansive soil (classified as CH) treated with quarry dust showed a decreasing trend in 

the liquid limit values when quarry dust was mixed in percentages 0, 5, 10 and 15%. 

2.2.2 MODIFICATION IN VALUES OF PLASTIC LIMIT  

  The water content at which a soil will begin to crumble when rolled into a 

thread of approximately 3 mm in diameter is referred as plastic limit. Moreover, plastic 

limit also shows a decreasing trend after reviewing various studies done by many 

researchers in the past.  

 Muley et al. (2010) examined that the value of plastic limit decreases as 19%, 

19%, 18% and 17% relatively with increase in stone dust percentage 0%, 10%, 20% 

and 30%, when mixed with soil (SC). Similarly, Muley and Jain (2013) in a study on 

effect of stone dust on different soils like black cotton soil, yellow soil and red murrum 

observed that the value of plastic limit was showing a decreasing trend when stone dust 

was mixed in percentages 0%, 10%, 20% and 30% with three different soils. Black 

cotton soil classified as MH showed a decreasing trend of plastic limit when stone dust 

was used as additive mixed in different percentages (0%, 10%, 20% and 30%) in a 

study done by Bshara et al. (2014). PL values were reduced by adding 0, 5, 10, 15 and 

20 percentage of quarry dust respectively according to a study done by Visalakshi et al. 

(2018) on expansive soils (CH) when treated with quarry dust. Rana et al. (2018) also 

observed a decreasing trend in plastic limit when low plastic to low compressible soils 

were treated with crusher dust (SP). Al Rawi et al. (2018) observed a decreasing trend 

of plastic limit when sand additive was mixed in percentages 0, 2, 5, 10 and 20% with 

the fine grained soil. When bentonite soil was treated with stone dust in percentages 5, 

10, 15, 20 and 25%, the value of plastic limit was decreased as 22, 20, 17, 15 and 13% 

respectively (Jat and Purohit 2017). Indiramma and Sudharani (2016) observed a 

decreasing trend in PL value when CI soil was mixed with quarry dust. According to 

one more study on expansive soil treated with stone dust Dixit and Patil (2016) 

observed a decreasing trend in the value of plastic limit as 25, 23, 19, 17 and 15 when 

stone dust was added in 10, 20, 30, 40 and 50% respectively. Agarwal (2015) after 
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conducting his experimental work observed a decreasing trend in the value of plastic 

limit when CL soil was mixed with stone dust (SP). Venkateswarlu et al. (2015) in his 

study on expansive soil (classified as CH) treated with quarry dust also showed a 

decreasing trend in the plastic limit value when quarry dust was mixed in percentages 

0, 5, 10 and 15%. 

2.2.3 EFFECT ON PLASTICITY INDEX 

 When liquid limit and plastic limit of soil decreases plasticity index also 

decreases as it is the numeric difference between liquid and plastic limit of soil. As 

studied in the previous sections liquid and plastic limit of soil shows a decreasing trend, 

hence, their plasticity index values will also decreases. A brief review of plasticity 

index done by the same researchers in above sections is presented below. 

 Muley et al. (2010) examined that the value of plasticity index decreases with 

increase in stone dust percentage from 0%, 10%, 20% and 30%, when mixed with soil 

(SC). Similarly, Muley and Jain (2013) in  a study on effect of stone dust on different 

soils like black cotton soil, yellow soil and red murrum observed that the value of 

plasticity index was showing a decreasing trend when stone dust was mixed in 

percentages 0%, 10%, 20% and 30% with three different soil. Black cotton soil 

classified as MH shows a decreasing trend of plasticity index when stone dust was used 

as additive mixed in different percentages (0%, 10%, 20% and 30%) in a study done by 

Bshara et al. (2014). Rana et al. (2018) also observed a decreasing trend in plasticity 

index when low plastic to low compressible soils were treated with crusher dust (SP). 

Al Rawi et al. (2018) observed a decreasing trend of plasticity index when sand 

additive was mixed in percentages 0, 2, 5, 10 and 20% with the fine grained soil. When 

bentonite soil was treated with stone dust in percentages 5, 10, 15, 20 and 25%, the 

value of plasticity index was decreased as 76, 35, 28, 25 and 26% respectively (Jat and 

Purohit  2017). Indiramma and Sudharani (2016) observed a decreasing trend in PI 

value when CI soil was mixed with quarry dust. According to one more study on 

expansive soil treated with stone dust Dixit and Patil (2016) observed a decreasing 

trend in the value of plasticity index when stone dust was added in 10, 20, 30, 40 and 

50% respectively. Agarwal (2015) after conducting his experimental work observed a 
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decreasing trend in the value of plasticity index when CL soil was mixed with stone 

dust (SP).  

2.2.4 IMPACT ON COMPACTION CHARACTERSTICS 

 For reducing the porosity of soil compaction is carried out. Compaction helps to 

increase the shear strength of soil and decrease its consolidation and permeability 

characteristics. Optimum moisture content and maximum dry density are such 

consolidation parameters whose practical importance is considered in densification of 

soil, such as in embankments, highway and railway subgrades and in foundations. 

Extensive work has been done by previous researchers on compaction characteristics of 

soil treated with stone dust. 

 Chetia et al. (2018) investigated the influence of quarry dust addition of 

different gradations on the compaction behavior of clay of different compressibility and 

concluded that for all clay- sand mixtures, all clay quarry dust mixes and bentonite 

quarry dust mixes, OMC decreases while MDD increases despite of the fact that the 

soil used was of intermediate or high compressible and the quarry dust used was of 

different gradations and also suggest that the quarry dust can replace sands in 

construction engineering activities and also evaluate the optimum range of quarry dust 

content to be 40-60%. After mixing soil (SC) with stone dust Muley et al. (2010) 

observed that the value of OMC decreases and the value of MDD increases
 
as the stone 

dust were mixed as 0, 10, 20 and 30% respectively. Muley and Jain (2013) in their 

another study on mixing stone dust with three different soils black cotton soil (MH), 

yellow soil (MH) and red murrum observed that as the percentage of stone dust 

increases the value of OMC decreases while the value of MDD increases with stone 

dust mixed as 0, 10, 20 and 30%. Bshara et al. (2014) in her study on effect of stone 

dust on poor soil (MH) evaluated that the value of OMC decreases while the value of 

MDD increases from 1.45 to 1.80 g/cc with increases in the percentage of stone dust 

from 0 to 30%. Ganie et al. (2017) observed a decreasing trend in OMC while an 

increasing trend in MDD of soil (CL) when stone dust mixed in percentage varying 

from 0 to 50% in increment of 10. Jat and Purohit (2017) concluded that OMC 

decreases while MDD increases when stone dust was added in bentonite soil in 

percentages varying from 5 to 25% in increment of 5. When stone dust was added in 



Review of Literature …………… 

murrum in percentages 10, 15, 20, 25 and 30% Mahent and Joshi (2015) observed that 

the value of MDD increases while OMC decreases. Addition of crusher dust also 

increases the value of MDD even when mixed in high plastic gravel soils as studied by 

Satyanarayana et al. (2013). Mishra et al. (2019) in his study done on different soils 

classified as CL, ML, CL-ML stabilized using stone dust and coarse aggregate 

observed that OMC decreases while MDD increases when stone dust mixed from 10 to 

30% alone and also with coarse aggregates. Purushottam and Malviya (2019) observed 

decrement in OMC and increment in MDD when black cotton soil was treated using 

stone dust and sisal fibre. Addition of different ratio of stone dust to the black cotton 

soil stabilized with optimum ratio of rice husk ash, the MDD goes on increasing and 

OMC goes on decreasing was observed by Manjunath (2015). Phonsa and Singh (2019) 

examined that MDD increases when clayey soil was stabilized using stone dust and 

plastic bottle strips. Sabat (2012) concluded that MDD increases when expansive soils 

were treated using lime and quarry dust mixes. Ramdas et al. (2010) and Rajput et al. 

(2019) both studied that MDD increases and OMC decreases when expansive soils 

were treated using stone dust and fly ash.  

2.2.5 VARIATIONS IN UNCONFINED COMPRESSIVE STRENGTH 

 The unconfined compression test is one of the simplest and quickest tests used 

for the determination of shear strength of cohesive soil. Immense work has been done 

by many researchers on UCS property in the past. 

 Visalakshi et al. (2018) observed that the UCS value for untreated expansive 

soil is 130 kPa and increased. by 138 kPa for 1. day, 142 kPa. for 7 days, 144 kPa for 

14 days and 146 kPa for 28 days curing respectively at 10% quarry dust and then its 

value decreases when percentage of quarry dust increases up to 20%. Deepak and 

Bishnoi (2019) observed that by adding Kota stone dust UCS value increases from 

0.213 to 0.274 MPa but after more than 4% stone dust added then strength did not 

increase. Sand additives showed a general increase in the UCS, however, higher ratios 

of sand additives showed a marginal increase in the values (Al Rawi et al. 2018). 

Indiramma and Sudharani (2016) studied that the value of UCS increases when quarry 

dust was mixed with expansive soils. UCS increases both in soaked and unsoaked 

conditions when stone powder was mixed in percentages 1, 3 and 5% in clayey soil, as 
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studied by Abdulrasool (2015). Manjunath (2015) observed that UCS improved nearly 

by 103% of the virgin soil after adding 15% stone dust, adding more stone dust reduces 

the UCS of the black cotton soil. Sabat (2012) observed a decrease in UCS at 5% lime 

addition. 

2.2.6 EFFECT ON CALIFORNIA BEARING RATIO 

 CBR is an important parameter which is needed in construction stage of a 

pavement in order to check the quality of the component pavement layers. Effect of 

stone dust on CBR studied by many researchers is presented below. 

  Muley et al.  (2010) observed an increment in CBR from 10.94% to 25.56% 

when stone dust was added from 0 to 30% to murrum. Muley and Jain (2013) in their 

another study found that CBR increases when stone dust was added with three different 

soils i.e. black cotton soil, yellow soil and red murrum. Bshara et al.  (2014) after 

studying effect of stone dust (mixed in 0, 10, 20 and 30%) on black cotton soil 

concluded that CBR increases with increase in the percentage of stone dust and found 

that it increased almost twice to its initial value and hence quality of poor soil for road 

construction can be improved by using stone dust as additive. Soil classified as CL 

when mixed with stone dust, Ganie et al.  (2017) observed that CBR improves as 

percentage of stone dust increases but it happens only till 30% addition of stone dust 

and after the value of CBR decreases. When cusher dust was mixed with gravely soils, 

CBR increases with addition of crusher dust, Rana et al.  (2018) also found that high 

plastic soils and intermediate compressible soils require high percentage (30-35%) of 

crushed dust while medium to low plastic and low compressible soils require 15-25% 

of crushed dust to meet the specifications of MORTH as a sub-base material. 

Satyanarayan et al. (2013) and Mahent and Joshi (2015) analysed that CBR improves 

when gravely soils were mixed with increased percentage of stone dust. When 

expansive soils were treated with quarry dust, CBR improves as the mixing percentage 

of stone dust increases, observed by Venkateswarlu et al. (2015), Dixit and Patil (2016) 

and Visalakshi et al. (2018). Jat and Purohit (2017) in a study on stabilization of 

bentonite soil with stone dust evaluated that on addition of stone dust, the value of 

unsoaked CBR increased 20% addition of stone dust and afterwards its value decreases 

with addition of more stone dust in soil. Mishra et al. (2019) observed that the CBR 
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value significantly and the desired value of minimum CBR of 8% under soaked 

condition was obtained by adding to the soil 30% of stone dust, or 20% of 10mm size 

coarse aggregates, or with both 10% stone dust + 10% coarse aggregate and 10% stone 

dust + 20% coarse aggregates. Purushottam and Malviya (2019) observed in their study 

that the CBR value of black cotton soil improved when stone dust and sisal fibre were 

added. Patidar and Mahiyar (2014) in their study on stabilization of black cotton soil 

using additive mixture of  HDPE wastage fibres, stone dust and lime observed that 

CBR was maximum with combination of fibre (1%), stone dust (10%) and lime (6%). 

Nabil Al-Joulani (2012) studied the effect on fine soils when stone powder and lime 

was used as additive  and concluded that the addition of 30% stone powder and lime 

has increased the CBR value from 5.2% to 16% and 18% respectively and also 

evaluated that the increase in CBR values due to stone powder and lime caused a 

reduction in the flexible pavement thickness by 47% and 55% respectively. Ramdas et 

al. (2010) and Rajput et al. (2019) after studying effect of stone dust and fly ash on 

expansive soils found improvement in the value of CBR. Suresh et al. (2009) and 

Tiwari et al. (2016) found that the value of CBR increases when black cotton soil was 

treated using stone dust and polypropylene fibres. Pandey and Saw (2019) and Dutta 

and Sarda (2007) found improvement in CBR with addition of stone dust and waste 

plastic strips. 

2.2.7 TRANSFORMATIONS IN SHEAR STRENGTH PARAMETERS 

 The stability of slopes depends upon the shearing resistance offered by the soil, 

hence it is necessary to find the shear strength parameters i.e. angle of internal friction 

and cohesion of the soil. As our present thesis deals with the stabilization of soil using 

stone dust, hence a review has been done on effect on shear strength properties of soil 

when mixed with stone dust by some past researchers. However, only a little work has 

been done on shear strength parameters of soils which are discussed below. 

 Al Rawi et al. (2018) evaluated that after mixing sand additive in fine grained 

soils from 0 to 20%, cohesion decreases while angle of internal friction increases. 

Mixing expansive soil with quarry dust, Venkateswarlu et al. (2015) reported that the 

value of cohesion goes on decreasing when the percentage of quarry dust increases 

from 0 to 15%. Nabil Al-Joulani (2012) found that value of angle of internal friction 
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increased by 50% and cohesion decreased  by about 64% when 30% stone powder was 

mixed and also observed that the addition of 30% of lime has decreased the friction 

angle and cohesion about 57% and 28% respectively when he stabilized fine soils using 

stone powder and lime. Pandey and Saw (2019) after working on improvement in soil 

properties using stone dust and plastic wastes observed that both the value of cohesion 

and angle of internal friction increases. 

2.2.8 CHANGES IN COEFFICIENT OF PERMEABILITY 

 Permeability may be defined as the ability of water to pass through the soil. It is 

one of the important parameter considered during the designing of hydraulic structures. 

However limited work has been done on it which is discussed below. 

 Al Rawi et al. (2018) observed that the coefficient of permeability increases 

from 2.17x10
-7

 to 1.24x10
-6

 cm/sec when sand was mixed in fine grained soil from 2 to 

20%. Patidar and Mahiyar (2014) observed that k decreases when stone dust was added 

from 5 to 15% and also concluded that k decreases when lime was added but increases 

when HDPE waste fibres were added. When coarse grained soil was treated using 

cement kiln dust, silica fumes and lime Saidik (2018) observed that the coefficient of 

permeability decreases with increase in percentage of additives. Islam et al. (2018) 

observed that permeability decreases with addition of fly ash and lime when mixed 

with two different types of soil like clay of low plasticity and fine sand. 

2.3 CONCLUDING REMARKS 

 Based on the comprehensive review and analysis of the literature available on 

similar studies, the following may be concluded: 

 Very finite study is available on permeability characteristics of fine grained soil, 

when treated with stone dust. Hence more evaluation is required in this analysis 

in order to verify the suitability of stone dust for hydraulic structures. 

 Limited evaluation has been done on shear strength parameters of soil when 

mixed with stone dust. Shear strength parameters are important in checking the 

stability of slopes, hence more work is required to analyse the effect of stone 

dust on these parameters also. 
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 The above analysis revealed that with addition of stone dust liquid limit 

decreases, plastic limit decreases and plasticity index also decreases. 

 Stone dust addition helps to achieve high MDD and hence compaction increases 

and thus strength of soil increases. 

 Above literature also reflects the improvement in CBR with addition of stone 

dust and also suggest that stone dust can be used in soil sub grades in flexible 

pavements. 

 The overall conclusion from the literature review is that addition of stone dust is 

advantageous as many geotechnical properties of soil are improved on its 

addition and can be used as a replacement in place of sand for fine grained soil 

and its utilization in civil engineering properties is economical. 
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MMAATTEERRIIAALLSS  AANNDD  MMEETTHHOODDSS    

 

3.1 GENERAL 

This chapter includes the brief description of the materials and methodology 

used to achieve the research objectives. As stated earlier, this study emphasizes the 

effect of adding different percentages of stone dust in local soil in order to find out the 

modifications in its geotechnical properties. The following points are covered in this 

chapter. 

 Soil preparation and identification of its geotechnical properties. 

 Testing of stone dust to analyze its properties. 

 Mixing of stone dust to the soil for conducting various tests, such as Specific 

Gravity test, Consistency limit test, Proctor Compaction test, Direct Shear test, 

Permeability test, Unconfined Compression test and CBR test. 

3.2 MATERIALS USED 

Soil sample, stone dusts were collected from the specified sources which were 

used as the main materials for conducting the study. 

3.2.1  SOIL 

As a part of this investigation, the soil was acquired from the campus of G.B 

Pant University of Agriculture & Technology, Pantnagar, Uttarakhand, India. Initially, 

the topmost layer of the soil was removed up to 60cm depth.  The soil thus obtained 

was carried to the laboratory in sacks and then various tests were performed, such as 

liquid. limit, plastic .limit, standard proctor test, CBR test, permeability test, UCS test. 

Fig. 3.1 shows a typical sample of this material.  

 

Fig. 3.1 Sample of Soil used in the study 

Chapter 3 
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3.2.2 STONE DUST 

It is a material which is obtained from crusher plants as waste. For the 

purpose of investigation in this study, the stone dust was obtained from Pal stone 

crusher Pvt. Limited Lalkuan (Uttarakhand). The physical and geotechnical 

characteristics of stone dust was obtained after performing various tests like specific 

gravity test, grain size distribution, consistency limit tests, compaction 

characteristics, soaked CBR and shear strength parameters. As per IS: 2720 (Part 

4)-1985, it was observed that the stone dust comes in the category of SP. Fig. 3.2 

shows a typical sample of this material. For present investigation, the different 

proportions of stone dust were used (10%, 20%, 30%, 40% & 50%) on soil 

modification. 

 

Fig. 3.2 Sample of Stone Dust used in the study 

3.3 METHODOLOGY ADOPTED 

To evaluate the effect of stone dust as a stabilizing additive in soil, series of 

tests were conducted. In this study stone dust was taken in various percentages as 10%, 

20%, 30%, 40% and 50%. The Indian Standard codes were followed during the 

conduction of the following experiments:  

 Standard proctor test – IS : 2720 (Part 7) - 1980   

 Unconfined compressive strength (UCS) test – IS : 2720 (Part 10) - 1991  

 California bearing ratio (CBR) test – IS : 2720 (Part 16) - 1987  
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 Liquid & Plastic limit test – IS 2720 (Part 5) – 1985 

 Direct shear test- IS: 2720 (Part 13)-1986 

 Permeability test- IS 2720- (Part 17)-1986 

 Particle size distribution- IS: 2720 (Part 4)-1985 

 Classification of soil- IS: 1498-1970 

The overall testing programme was carried out in three phases. 

In the first phase tests were conducted on the soil. In the second phase a series 

of tests were performed on the stone dust. In the third and last phase, different 

percentages of stone dust were added in virgin soil. 

The various tests performed in all the three phases are listed in Table 3.1 

3.3.1 DETERMINATION OF SPECIFIC GRAVITY 

The specific gravity of soil, stone dust and soil-stone dust mixes were 

determined as per IS: 2720 (Part 3)-1980 using a pycnometer of one litre capacity with 

a conical brass cap screwed at its top. Specific gravity was calculated from the 

following equation:- 

𝑮 =
 𝑴𝟐 –  𝑴𝟏 

[ 𝑴𝟐 − 𝑴𝟏 −  𝑴𝟑 − 𝑴𝟒 ]
 

Where, 

M1= Mass of pycnometer 

M2= Mass of pycnometer and dry soil 

M3= Mass of pycnometer, dry soil and water 

M4= Mass of pycnometer and water 
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Table 3.1 Experimental Programme 

S.No. Sample Tests conducted 

1 Soil 

Particle size distribution test 

Atterberg limit test 

Specific gravity test 

Proctor compaction test 

California bearing ratio test 

Unconfined compressive strength test 

Permeability test 

2 Stone Dust 

Particle size distribution test 

Atterberg limit test 

Specific gravity test 

Proctor compaction test 

California bearing ratio test 

Unconfined compressive strength test 

3 

Soil + 10% SD 

Soil + 20% SD 

Soil + 30% SD 

Soil + 40% SD 

Soil + 50% SD 

Atterberg limit test 

Specific gravity test 

Proctor compaction test 

California bearing ratio test 

Unconfined compressive strength test 

Permeability test 

 

3.3.2 PARTICLE SIZE DISTRIBUTION ANALYSIS 

As per IS: 2720 (Part 4)-1985, grain size analysis was performed on soil and 

stone dust. The grain size distribution of coarse gained soil and stone dust is determined 

through sieve analysis using a set of sieves consisting of 4.75mm, 2mm, 1mm, 

600micron, 425micron, 300micron, 150micron, 75micron (Fig. 3.3).  An oven dried 

sample of soil is taken. The various sieves are arranged one over the other in the order 

of their mesh openings. A receiver or pan is kept at the bottom and a cover plate is kept 

at the top of the whole assembly. The soil sample is put on the whole sieve and the 

whole assembly is subjected to mechanical shaking. At least 10min shaking is 
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desirable. The portion of the soil retained on each sieve is weighed. The grain size 

distribution of the fine grained soil is determined through hydrometer analysis. A 

fraction of fine grained soil was mixed with distilled water to make 1000ml of 

suspension and a hydrometer is used to measure the density of the soil-water 

suspension at different time intervals. The time density data, recorded over a few days, 

is translated into grain size and percentage finer than different sizes. 

 

 

Fig. 3.3 Sieve Set for Particle Size Distribution Analysis 
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3.3.3 DETERMINATION OF CONSISTENCY LIMITS 

Liquid limit and Plastic limit tests were conducted with reference to IS: 2720 

(Part 5)-1985. Standard liquid limit apparatus (Fig. 3.4) consists of a hard rubber base 

over which a brass cup drops through a desired height. The height of fall of the cup can 

be adjusted with the help of adjusting screws.  

 

Fig. 3.4 Casagrande Liquid Limit Apparatus 

The liquid limit (LL) is defined as the water content in percent at which a part 

of soil in a standard cup and cut by a grooving tool of standard dimensions will flow 

together at the base of the groove for a distance of 13mm when subjected to 25 number 

of blows from the cup being dropped 10mm in a standard liquid limit apparatus 

operated at a rate of two blows per second. The plastic limit (PL) is the water content in 

percent at which a soil can no longer be deformed by rolling into approximately 3.0mm 

diameter threads without crumbling. Plasticity index is defined as the range of moisture 

content over which a soil possesses plasticity. On the basis of plasticity index various 

soils are classified and is presented in Table 3.2. It can be determined by following 

relation: 

𝑰𝒑 = 𝒘𝒍  – 𝒘𝒑  

Where, 

wl= liquid limit. in percentage. 

wp= plastic limit. in percentage. 

Ip= plasticity index in percentage 
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Table 3.2 Types of Soil on the basis of Plasticity Index 

Plasticity Index Soil Description 

0 Non-plastic 

1-5 Slight plastic 

5-10 Low plastic 

10-20 Medium plastic 

20-40 Highly plastic 

More than 40 Very high plastic 

 

3.3.4 PROCEDURE FOR STANDARD PROCTOR COMPACTION TEST 

 To find the relationship between the moisture content and maximum dry 

density of samples Proctor Compaction test was performed. For this, Standard Proctor 

test was adopted form IS: 2720 (Part 7)-1980. The test is performed using 3 kg of the 

soil sample, compacted in three equal layers in 1000ml volume mould. Each layer was 

given 25 uniformly distributed blows using 2.6 kg rammer falling through a height of 

310 mm. Fig. 3.5 shows the sample preparation for compaction test. 

 

Fig. 3.5 Proctor Mould with Rammer 
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3.3.5 DIRECT SHEAR TEST PROCEDURE 

This test is used to determine shear strength parameters of the soil samples at 

known density and moisture content. The shear strength parameters were determined 

according to IS: 2720 (Part 13)-1986. The samples were prepared in the size of 60mmx 

60mm x 25mm and sheared at the rate of 1.25mm/minute. 

  The samples were compacted at the maximum dry density and optimum 

moisture content in the specimen cutter and then transferred into the shear box after 

fixing the two halves of the shear box together by means of the fixing screws. The 

shear box with the specimen was fitted into the position in load frame. The required 

normal stress was applied and the rate of shear stress applications so adjusted that no 

drainage could occur in the sample during the test. The test was conducted by applying 

horizontal shear load up till failure. The shear load readings indicated by the proving 

ring assembly and the corresponding longitudinal displacements were noted at regular 

intervals. Fig. 3.6 shows the apparatus for direct shear test. 

 

Fig. 3.6 Standard Direct Shear Test Equipment 
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3.3.6 PROCEDURE FOR OBTAINING UNCONFINED COMPRESSIVE 

STRENGTH   

The UCS test is the most popular and fastest method for determining soil shear 

strength. UCS is defined as the ratio of failure load to cross sectional area of the soil 

sample. This test is undrained, as the rate of applying load is so fast that no pore water 

is drained out and the pore water pressure do not dissipate. 

The standard procedure was adopted from IS: 2720 (Part 10)-1991. The 

cylindrical specimen was prepared at OMC in the metallic split mould of dimension 

38mm (diameter) x 76mm (height). These specimens were tested with strain rate of 0.5 

to 2% per minute. Fig. 3.7 shows the unified compression testing machine with 

specimen. 

 

Fig. 3.7 Standard Unconfined Shear Test Machine 
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3.3.7 DETERMINATION OF CALIFORNIA BEARING RATIO  

The standard procedure for the CBR test was adopted from IS: 2720 (Part XVI)-

1979. It is essential to determine during designing of pavement thickness.  

Soaked CBR tests were conducted on soil, stone dust and soil-stone dust mixes, 

the samples of which were prepared at the optimum moisture content. The displacer 

disc of 148mm diameter was placed in the mould and the sample was filled in three 

layers with 55 blows given to each layer uniformly by a hammer of 2.5kg. The 

displacer disc was removed after the compaction and a surcharge weight of 2.5 kg was 

kept on the soil after reversing the mould. The mould with sample was immersed in 

water for 4 days. Mould with sample was tested in the CBR testing machine. The load 

was recorded using a mechanical loading machine, equipped with a base moving at a 

uniform rate of 1.25mm/min and a calibrated proving ring. A piston attached with the 

proving ring is allowed to penetrate in the compacted specimen. Diameter of piston is 

50mm. The stress and strain dial gauges were set to zero and then the load was applied. 

The load was recorded up to a penetration of 7.5mm with a dial gauge of least cont 

0.01mm.Fig. 3.8 shows the CBR testing machine. 

 

Fig. 3.8 CBR Apparatus with Mould 
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3.3.8 PROCEDURE FOR DETERMINING COEFFICIENT OF 

PERMEABILITY  

Hydraulic conductivity or permeability (k) is a crucial characteristic of soil in 

relation to drainage function. It is a function of several parameters such as the type of 

soil, its gradation, chemical composition, degree of saturation and the stress distribution 

pattern within the soil.  

Permeability test in the laboratory can be carried out either by falling head 

method or by constant head method for fine and coarse soils respectively. As per IS:  

2720 (Part 17)-1986, determination of permeability is done. Fig. 3.9 shows 

permeability test apparatus. 

 

Fig. 3.9 Permeability Test Apparatus 
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As the soil in this case is fine in nature, hence the permeability has been 

determined by using falling head test and is determined by using standard formula i.e. 

Coefficient of permeability, 

𝒌 =
𝒂𝑳

𝑨𝒕
𝐥𝐨𝐠𝒆

𝒉𝟏

𝒉𝟐
  

Here, 

a= cross sectional area of stand pipe 

L= effective length of sample 

A= cross sectional area of sample 

t= time interval to fall the head from h1 to h2 

h1= initial height of water in the pipe above the outlet 

h2= final height of water in the pipe above the outlet 

Typical values of hydraulic conductivity for various soils is shown in the Table 3.3  

Table3.3 Coefficient of Permeability for Various Types of soil 

Type of Soil 
Coefficient of Permeability, 

k (cm/sec) 
Remarks 

Gravel k> 1.00 x 10
-01

 Very High 

Coarse Sand, Fine Sand 1.00 x 10
-03 

<k< 1.00 x 10
-01

 High to Medium 

Silty Sand 1.00 x 10
-05 

<k< 1.00 x 10
-03

 Low 

Silt, Silty Clay 1.00 x 10
-07 

<k< 1.00 x 10
-05

 Very Low 

Clay k< 1.00 x 10
-07

 Tends to Impermeable 

 

3.4 CONCLUDING REMARKS 

The experiments so discussed in this chapter is carried out in accordance with 

IS procedures in order to fulfil the objective of this investigation. The results so 

obtained by conducting different types of tests on the soil and soil mixed with different 

percentages of stone dust are presented and discussed in the following chapter. 



  
RReessuullttss  &&  
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RREESSUULLTTSS  AANNDD  DDIISSCCUUSSSSIIOONN    

 

4.1 GENERAL 

This chapter presents the results of laboratory tests such as specific gravity, 

consistency limits, standard compaction test, direct shear tests, unconfined compressive 

strength tests, California bearing ratio test and permeability tests, which were carried on 

the soil mixed with different percentages of stone dust. Further, these results are 

summarized in tables and have been discussed for drawing conclusions.  

4.2 RESULTS ON GEOTECHNICAL PROPERTIES OF STONE DUST 

4.2.1 SPECIFIC GRAVITY 

It was determined according to IS: 2720 (Part III/Sec I)-1980. Specific gravity 

is reported by taking an average of three samples. The specific gravity of stone dust 

comes out to be 2.6. 

4.2.2  GRAIN SIZE ANALYSIS 

According to IS: 2720 (Part IV) 1985, grain size analysis was carried out. Stone 

dust comprises of 20.3% fine sand, 52.6% medium sand and 23.4% coarse sand. The 

coefficient of uniformity (Cu) of stone dust is 7.5 and coefficient of curvature (Cc) is 

found as 0.867. As Cu is greater than 6 and Cc is less than 1, it is concluded that the 

stone dust used is poorly graded sand (SP). Particle size distribution of stone dust is 

shown in Fig. 4.1. 

4.2.3 CONSISTENCY LIMITS 

The consistency limits were performed as per IS: 2720 (Part V) 1985. It is not 

possible to determine liquid and plastic limit of stone dust as it does not show any 

plastic behaviour. Hence, the plasticity index (Ip) of stone dust is reported as non- 

plastic (NP). 

 

 

Chapter 4 
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Fig. 4.1 Grain Size Distribution of Stone Dust 

4.2.4 OMC AND MDD OF STONE DUST 

Standard proctor test was conducted as per IS: 2720 (Part VII) 1980 to 

determine OMC and MDD of stone dust. From the test the optimum moisture content 

(OMC) and maximum dry density (MDD) was found as 12% and 1.87g/cm
3
 

respectively. The graph of compaction curve is shown in Fig. 4.2 

 

Fig. 4.2 Compaction Characteristics of Stone Dust 
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4.2.5 COHESION AND ANGLE OF INTERNAL FRICTION 

Direct shear test was carried out. The angle of internal friction and cohesion 

value of stone dust was determined to be 32.94° and 0.068 respectively. The curve for 

direct shear test is shown in Fig. 4.3. 

 

Fig. 4.3 Normal stress and Shear stress plot of stone dust 

4.2.6 CALIFORNIA BEARING RATIO  

The soaked value of CBR value of stone dust was determined to be 9.16. The 

plot for load dial reading v/s penetration graph for soaked CBR is shown in Fig. 4.4. 

 

Fig. 4.4 Soaked CBR of Stone Dust 
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The index properties of stone dust are presented in Table 4.1. 

Table 4.1: Index Properties of Stone Dust 

Parameter Value 

Specific Gravity (G) 2.6 

Particle size analysis 

Coarse Sand (%) 

Medium Sand (%) 

Fine Sand (%) 

 

23.4 

52.6 

20.3 

IS Classification SP 

Liquid Limit (%) NP 

Plastic Limit (%) NP 

Plasticity Index (%) NP 

Optimum Moisture Content (%) 12 

Maximum Dry Density (g/cm
3
) 1.87 

Angle of Internal Friction (degree) 32.94 

Cohesion (kg/cm
2
) 0.068 

Soaked CBR (%) 9.16 

 

4.3 DETERMINATION OF GEOTECHNICAL PROPERTIES OF SOIL 

4.3.1 SPECIFIC GRAVITY 

It was determined according to IS: 2720 (Part III/Sec I)-1980. Specific gravity 

is reported by taking an average of three samples. The specific gravity of soil comes out 

to be 2.33. 

4.3.2 GRAIN SIZE ANALYSIS 

According to IS: 2720 (Part 4) 1985, grain size analysis was conducted. The soil 

was classified according to Indian Standard Soil Classification System as Inorganic 
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Clay of Medium to Low Plasticity (CL) which comprises 24% sand, 60% silt and 16% 

clay. Fig. 4.5 shows the particle size ranges of the soil. 

 

Fig. 4.5 Grain Size Distribution Curve of Soil 

4.3.3 CONSISTENCY LIMITS 

The liquid limit, plastic limit and plasticity index of soil were found as 20.29%, 

7.51% and 12.78% respectively. The flow curve for the soil is shown in Fig. 4.6. 

 

Fig. 4.6 Flow Curve of Soil 
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4.3.4 OMC AND MDD OF SOIL 

Standard proctor test was conducted as per IS: 2720 (Part VII) 1980 to 

determine OMC and MDD of soil. From the test the optimum moisture content (OMC) 

and maximum dry density (MDD) was found as 16.75% and 1.742g/cm
3
 respectively. 

The graph of compaction curve is shown in Fig. 4.7. 

 

Fig. 4.7 Compaction Curve of Soil 

4.3.5 CALIFORNIA BEARING RATIO  

The CBR value of soil was determined to be 1.86. The graph of CBR test is 

shown in Fig. 4.8. 

 

Fig. 4.8 CBR of Virgin Soil 
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Index properties of soil are summarized in Table 4.2. 

Table4.2 Index Properties of Soil 

Parameter Value 

Specific Gravity (G) 2.33 

Particle Size Distribution 

Sand (%) 

Silt (%) 

Clay (%) 

 

24 

60 

16 

IS Classification CL 

Liquid Limit (%) 20.29 

Plastic Limit (%) 7.51 

Plasticity Index (%) 12.78 

OMC (%) 16.75 

MDD (g/cm
3
) 1.742 

CBR (%) 1.86 

 

4.4 OUTCOMES OF GEOTECHNICAL PROPERTIES OF SOIL MIXES 

4.4.1 SPECIFIC GRAVITY  

It was carried out on soil mixed with different percentages of stone dust ( i.e., 

10, 20, 30, 40 and 50%). Average value of three tests samples were taken as specific 

gravity of soil mixtures. Hence in total 3x6=18 specific tests were conducted. The 

variation of specific gravity with varying percentages of stone dust is shown in Fig. 

4.9. Table 4.3 shows the values of specific gravity of mixes. 
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Table 4.3 Variation of Specific Gravity with Stone Dust Mixes 

S. No. Material G 

1 Soil + 0% Stone Dust mix 2.33 

2 Soil + 10% Stone Dust mix 2.5 

3 Soil + 20% Stone Dust mix 2.81 

4 Soil + 30% Stone Dust mix 2.96 

5 Soil + 40% Stone Dust mix 2.93 

6 Soil + 50% Stone Dust mix 2.83 

 

 

Fig. 4.9 Variation of Specific Gravity with Increasing Percentage of Stone Dust 

From the above results of specific gravity it can be concluded that the specific 

gravity increases from 2.35 to 2.95 on increasing the stone dust percentage from 0% to 
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50%. The decrement in the specific gravity may be due to the reduction of plasticity 

character in soil. 
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4.4.2 CONSISTENCY LIMITS 

The term consistency is used to indicate the degree of firmness of cohesive 

soils. The consistency limits are the water contents at which the soil mass passes from 

one state to another state, i.e., from solid to semi solid to plastic and finally to liquid 

state and vice a versa. Liquid limit and plastic limit are most useful consistency limits 

for engineering purpose. These limits are expressed as percent water content.  

The consistency limit tests were performed on soil samples with percentage of 

stone dust varying from 0-50% (i.e., 0%, 10%, 20%, 30%, 40% and 50%). The 

consistency limit test values i.e. for liquid limit, plastic limit and plasticity index values 

are presented in Table 4.4 for the discussed soil samples. The typical plots of liquid 

limits for these soil samples are presented from Fig. 4.10 to Fig. 4.14. The graph for 

variation in plastic limit with varying percentage of stone dust is shown in Fig. 4.15 and 

the variation of plasticity index with varying percentage of stone dust is presented in 

Fig. 4.16. 

Table 4.4 Variation of Consistency Limit with Stone Dust Mixes 

S.No. Material LL (%) PL (%) PI (%) 

1 Soil+0% Stone Dust mix 20.29 7.51 12.78 

2 Soil+10% Stone Dust mix 16.28 6.82 9.46 

3 Soil+20% Stone Dust mix 12.31 5.1 7.21 

4 Soil+30% Stone Dust mix 8.64 3.62 5.02 

5 Soil+40% Stone Dust mix 5.31 3.2 2.11 

6 Soil+50% Stone Dust mix NP NP NP 
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Fig. 4.10 Liquid Limit of Soil + 0% Stone Dust 

 

 

Fig. 4.11 Liquid Limit of Soil + 10% Stone Dust 
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Fig. 4.12 Liquid Limit of Soil + 20% Stone Dust 

 

 

 

Fig. 4.13 Liquid Limit of Soil + 30% Stone Dust 
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Fig. 4.14 Liquid Limit of Soil + 40% Stone Dust 

 

 

 

Fig. 4.15 Variation of Plastic Limit + Stone Dust mixes 
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Fig. 4.16 Variation of Plasticity Index + Stone Dust mixes 
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characteristics.  This type of soil is useful as subgrde material in highway construction 

as soils with high ranges of plasticity are not considered good for bearing moving load. 

4.4.3 COMPACTION CHARACTERISTICS 

Compaction is a mechanical process, which helps to pack the soil particles 

closely which in turn decreases the porosity of soil and thus increases its dry density, 

unit weight which ultimately increases the strength and bearing capacity of soil. It also 

reduces permeability and settlement of soil. Compaction results play a significant role 

in the stability of various field problems like in construction of earthen dam, 

embankments, roads etc. as the durability and stability of a structure is achieved only 

when the soil is properly compacted. Standard Proctor test is done in order to find a 

definite relationship between soil water content and degree of dry density to which a 

soil might be compacted. 

The compaction test was done on soil samples with percentages of stone dust 

varying from 0-50% (i.e., 0%, 10%, 20%, 30%, 40% and 50%). The results of these 

tests, i.e., Optimum Moisture Content (OMC) and Maximum Dry Density (MDD) are 

presented in Table 4.5. The relationship between dry density and moisture content of 

typical soil samples are shown on Fig.4.17 to Fig. 4.22. 

Table 4.5 Optimum Moisture Content and Maximum Dry Density  

of Soil variation with Stone Dust mixes 

S.No. Material OMC, % MDD, g/cm
3
 

1 Soil + 0% Stone dust mixes 16.75 1.74 

2 Soil + 10% Stone dust mixes 16 1.83 

3 Soil + 20% Stone dust mixes 15 1.85 

4 Soil + 30% Stone dust mixes 15 1.86 

5 Soil + 40% Stone dust mixes 14 1.88 

6 Soil + 50% Stone dust mixes 13.25 1.89 

 



Results and Discussion …………… 

 

Fig. 4.17 Compaction Characteristic of Soil + 0% Stone Dust 

 

 

Fig. 4.18 Compaction Characteristic of Soil + 10% Stone Dust 
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Fig. 4.19 Compaction Characteristic of Soil + 20% Stone Dust 

 

 

Fig. 4.20 Compaction Characteristic of Soil + 30% Stone Dust 
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Fig. 4.21 Compaction Characteristic of Soil + 40% Stone Dust 

 

 

Fig. 4.22 Compaction Characteristic of Soil + 50% Stone Dust 
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The data summarized in Table 4.5, showed that the optimum moisture content 

of soil mixes decreases from 16.75% to 13.25% while maximum dry density increases 

from 1.74 to 1.89g/cm
3
 on increasing the stone dust content from 0% to 50%. This 

increment in MDD is thought to come about because of the engrossment of more solids 

as compared to interaction of stone dust with finer soil particles. Otherwise speaking, 

MDD increases due to the reduction of voids as the stone dust fulfil the space between 

the soil particles. And OMC decreases due to replacement of silt and clay particles by 

stone dust which reduces intake of moisture. 

4.4.4 DIRECT SHEAR TEST 

Shear parameters are required for calculating the bearing capacity of 

foundations which are further used in the design of earthen dams and embankments. 

The direct shear test was done on soil samples with percentages of stone dust 

varying from 0-50% (i.e., 0%, 10%, 20%, 30%, 40% and 50%). Typical plots of shear 

stress v/s normal stress are drawn to determine shear strength parameters (i.e., c and ). 

The values of cohesion and angle of internal friction are presented in table4.6. The plots 

of shear and normal stress are drawn in Fig. 4.23 to Fig. 4.28. 

Table 4.6 Variation of Cohesion and Angle of Internal Friction of soil with stone 

dust mixes 

S.No. Material 
Cohesion, 

kg/cm
2
 

Angle of Internal 

Friction, degree 

1 Soil + 0% Stone Dust Mixes 0.27 24.23 

2 Soil + 10% Stone Dust Mixes 0.18 25.6 

3 Soil + 20% Stone Dust Mixes 0.13 26.75 

4 Soil + 30% Stone Dust Mixes 0.11 27.47 

5 Soil + 40% Stone Dust Mixes 0.1 28 

6 Soil + 50% Stone Dust Mixes 0.05 32.6 
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Fig. 4.23 Normal Stress v/s Shear Stress plot for soil + 0% Stone Dust 

 

 

Fig. 4.24 Normal Stress v/s Shear Stress plot for soil + 10% Stone Dust 
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Fig. 4.25 Normal Stress v/s Shear Stress plot for soil + 20% Stone Dust 

 

 

Fig. 4.26 Normal Stress v/s Shear Stress plot for soil + 30% Stone Dust 
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Fig. 4.27 Normal Stress v/s Shear Stress plot for soil + 40% Stone Dust 

 

 

 

Fig. 4.28 Normal Stress v/s Shear Stress plot for soil + 50% Stone Dust 
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From the above Table and Fig it is concluded that there is a decrese in value of 

cohesion from 0.27 to 0.05 kg/cm
2
 while angle of internal friction increases from 

24.23° to 32.6° when the stone dust percentage increases from 0 to 50%. This 

increment in angle of internal friction and decrement in cohesion is due to the 

replacement of cohesive soil with stone dust which has very low cohesion value and 

high angle of internal friction in comparison with soil. 

4.4.5 UNCONFINED COMPRESSIVE STRENGTH 

Strain-controlled UCS tests were conducted on soil sammples. Compessive 

strength was obtained in undrained state.  

The UCS test was done on soil samples with percentages of stone dust varying 

from 0-50% (i.e., 0%, 10%, 20%, 30%, 40% and 50%). Stress values at failure for these 

soil samples are presented in Table 4.7. The variation of stress at failure with increasing 

percentage of stone dust is presented in Fig. 4.29. 

Table 4.7 Stress at Failure  of soil with stone dust mixes 

S.No. Material Stress at failure, kN/m
2
 

1 Soil + 0% Stone Dust mixes 175.16 

2 Soil + 10% Stone Dust mixes 207.68 

3 Soil + 20% Stone Dust mixes 220.93 

4 Soil + 30% Stone Dust mixes 229.49 

5 Soil + 40% Stone Dust mixes 194.8 

6 Soil + 50% Stone Dust mixes 181.93 
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Fig. 4.29 Variation of stress at failure with soil and stone dust mixes 

4.4.6 CALIFORNIA BEARING RATIO  

The CBR test was conducted on soil mixed with different percentages of stone 

dust (i.e., 0%, 10%, 20%, 30%, 40% and 50%). Table 4.8 shows the value of CBR of 

the soil mixes. The load v/s penetration fraphs for these soil samples are shown in Fig. 

4.30 to Fig. 4.35. 

Table 4.8 CBR Values of soil with stone dust mixes 

S.No. Material CBR, % 

1 Soil + 0% Stone Dust mixes 1.86 

2 Soil + 10% Stone Dust mixes 2.39 
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Fig 4.30 Relation between load and penetration of virgin soil 

 

 

Fig. 4.31 Relation between load and penetration of soil + 10% Stone Dust 
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Fig. 4.32 Relation between load and penetration of soil + 20% Stone Dust 

 

 

Fig. 4.33 Relation between load and penetration of soil + 30% Stone Dust 
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Fig. 4.34 Relation between load and penetration of soil + 40% Stone Dust 

 

 

Fig. 4.35 Relation between load and penetration of soil + 50% Stone Dust 
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From the above figures and table of CBR reslts it is seen that the soaked values 

of CBR and stone dust mixes firstly increases from 1.86% to 2.81% when stone dust 

percentage increases upto 30% and then it decreases to 1.95% when the stone dust 

percentage was increase upto 50%. This increment upto 30% stone dust percentage 

may be due to the fact that soil containng clay particles are replaced by stone dust 

which has good compaction as compared to clay offering more shear resistance against 

compression. 

4.4.7 COEFFICIENT OF PERMEABILTY  

Permeability is the property of porous material which allow the water to flow 

through its interconnected voids. Its calculation is important for various problems like 

seepage through body of dam and stability of slopes, settlement of saturated 

compressible layer of soil, uplift pressure and safety against piping. The falling head 

permeability test was carried out on different soil samples cointaing stone dust in 

vaious percentages (i.e.,0%, 10%, 20%, 30%, 40% and 50%). The Table 4.9 shows the 

permeablity of such soil samples and Fig. 4.36 shows the variation of permebility of 

soil with change in the percentage of stone dust. 

Table 4.9 Permeability Values of Soil with Stone Dust Mixes 

S.No. Material Permeability, cm/sec 

1 Soil + 0% Stone Dust mixes 1.78E-06 

2 Soil + 10% Stone Dust mixes 2.03E-06 

3 Soil + 20% Stone Dust mixes 2.45E-06 

4 Soil + 30% Stone Dust mixes 3.9E-06 

5 Soil + 40% Stone Dust mixes 5.6E-06 

6 Soil + 50% Stone Dust mixes 10E-06 

 

 



Results and Discussion …………… 

 

Fig. 4.36 Variation of coefficient of permeability with stone dust 

 From the above results of permeability it is observed that with increasing in  

percentage of stone dust, permeability of mixtures also increases. Coefficient of 

permeablity increases from 1.78E-06 to 10E-06 with increase in the percentage of stone 

dust from 0 to 50%. This increase in value is due to the fact that with  adding increased 

percentage of stone dust, coarser aprticles of stone dust replaces fine frained particles of 

orignal soil sample. 

4.5 CONCLUDING REMARKS 

The results obtained by peforming various geotechnical tests on soil and on soil 

when mixed with different percentages of stone dust are discussed in this chapter. 

Graphs for studying variation of some geotechnical properties of soil with increasing 

percentage of stone dust is presented in Appendix. The conclusions drawn from these 

results are discussed in the next chapter. 
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SSUUMMMMAARRYY  AANNDD  CCOONNCCLLUUSSIIOONNSS    

 

5.1 General 

Stone dust is the waste which is produced in bulk from stone crushers in India and 

finally is dumped on barren lands. Hence its utilization becomes necessary. Utilization of 

this waste can be done in many geotechnical engineering applications like as a construction 

material in embankments, as backfill material, as sub-base material etc. The present study 

provides an outline of the effects of different percentages of stone dust when mixed with 

local soil on some geotechnical properties of soil like its consistency limits, specific 

gravity, shear strength parameters, unconfined compression strength, California bearing 

ratio and permeability of the soil. This study clarifies the suitability of stone dust as a 

substitute for conventional fill material in civil engineering construction.  

Table 5.1 summarizes the results of the experimental investigation. The 

following conclusions are drawn in the view of the results as discussed in chapter 4: 

5.2 Conclusions   

 Stone dust used in the study is poorly graded sand (SP) with 7.5 and 0.867 

values of coefficient of uniformity and coefficient of curvature respectively. 

 The mass specific gravity (G) of the samples increases from 2.33 to 2.96 as the 

percentage of stone dust increases from 0 to 30% and thereafter it decrease to 

2.83 when stone dust increases to 50%. 

 On observing consistency limit results, it is concluded that the liquid limit of the 

soil samples decreases from 20.32% to 5.31% on adding stone dust to 40% and 

beyond 40% a non-plastic behaviour of soil was observed. 

 Plastic limit results show a decrement in its value from 7.51% to 3.2% when 

stone dust was increased up to 40% and again beyond 40% a non-plastic 

behaviour of soil was observed. 

 The plasticity index of soil was observed to decrease from 12.81% to 2.11% 

with the increment in percentage of stone dust from 0 to 40% and beyond this 

limit a non plastic behaviour of soil was observed. 

Chapter 5 
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Table5.1 Summary of Results 

S. No. 

Material 
Specific 

Gravity 

LL 

(%) 

PL 

(%) 

PI 

(%) 

OMC 

(%) 

MDD 

(g/cm
3
) 

Cohesion 

(kg/cm
2
) 

Angle 

of 

Internal 

Friction 

(°) 

Stress 

at 

Failure 

(kN/m
2
) 

CBR 

Soaked 

(%) 

Permeability 

(E-06 

cm/sec) 

1 
Soil + 0% SD 2.33 20.32 7.51 12.81 16.75 1.74 0.27 24.23 175.16 1.86 1.78 

2 
Soil + 10% SD 2.5 16.28 6.82 9.46 16 1.83 0.18 25.6 207.68 2.39 2.03 

3 
Soil + 20% SD 2.81 12.31 5.1 7.21 15 1.85 0.13 26.75 220.93 2.55 2.45 

4 
Soil + 30% SD 2.96 8.64 3.62 5.02 15 1.86 0.11 27.47 229.49 2.81 3.9 

5 
Soil + 40% SD 2.93 5.31 3.2 2.11 14 1.88 0.1 28 194.8 2.4 5.6 

6 
Soil + 50% SD 2.83 NP NP NP 13.25 1.89 0.05 32.6 181.93 1.82 10 
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 On studying compaction tests results, it is seen that the optimum moisture 

content of soil samples show a decrement from 16.75% to 13.25% with increase 

in the stone dust percentage from 0 to 50%. 

 The maximum dry density of soil samples increases from 1.74g/cm
3
 to 

1.89g/cm
3
 on increasing the stone dust percentage from 0 to 50% which shows 

that it is advantageous to use stone dust up to 50% in civil engineering projects. 

 By analyzing direct shear tests results, a decrement in the value of cohesion was 

observed which were 0.27kg/cm
2
 when no stone dust was added while it 

decreases to 0.05kg/cm
2
 when the percentage of stone dust was increases up to 

50%. 

 The angle of internal friction increases from 24.23° to 32.6° when the stone dust 

percent was increased from 0 to 50%. 

 The stress at failure from UCS tests of the soil samples increases from 

175.16kN/m
2
 to 229.49kN/m

2
 when stone dust increases from 0 to 30% and 

then decreases to 181.93kN/m
2
 when the percentage of stone dust added was 

increased to 50%. 

 The soaked CBR values of soil samples increases from 1.86% to 2.81% when 

stone dust percentage added was 0 to 30% and thereafter it decreases to 1.82% 

on increasing the stone dust to 50%. 

 The permeability of soil samples increases from 1.78E-06cm/sec to 10.00E-

06cm/sec on increasing the stone dust percentage from 0 to 50%. 

After analyzing the results, the optimum percentage of stone dust to be added is 

found to be 30% which gives better results in order to improve the geotechnical 

properties of soil. Hence, soil stabilization using stone dust is the most appropriate 

option which not only helps in improving the engineering properties of soil but will 

also help to protect our environment. Using such additive can also help to reduce the 

cost while construction. Hence, this study can be beneficial for many civil engineering 

projects design. 

5.3 Scope of Future Study 

 A study can be done by adding stone dust in different percentages and in 

different curing periods to get more reliable results and design. 
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 Other synthetic additives in different percentages can be added with stone dust 

to study their combined effect and their suitability in civil engineering projects. 

 More geotechnical tests like consolidation test, triaxial strength test can be 

performed to study more properties. 

Field studies can also be performed to find the suitability of stone dust in 

foundations. 
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Variation of geotechnical parameters with increased percentage of stoner dust 

 

 

Fig.A1 Variation of Liquid Limit with Increased Percentage of Stone Dust 

 

 

FigA2 Variation of Plastic Limit with Increased Percentage of Stone Dust 
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FigA3 Variation of MDD with Increased Percentage of Stone Dust 

 

 

FigA4 Variation of OMC with Increased Percentage of Stone Dust 
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FigA5 Variation of Cohesion with Increased Percentage of Stone Dust 

 

 

 

FigA6 Variation of Angle of Internal Friction with Increased  

Percentage of Stone Dust 
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FigA7 Variation of CBR with Increased Percentage of Stone Dust 
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In the past few decades there have been a tremendous increase in Civil Engineering activities like 

construction of buildings, roads, highway and airfields. But, there is inadequacy of appropriate land for such 

activities because, frequently the soil available at these sites may be clayey, loamy or black cotton soil which 

have posed complexities to the Geotechnical engineers. As, such soils reflect different types of volumetric 

changes when acted as supported material below foundations. So, many researchers try to find solution to 

overcome this issue. And one such economic solution is soil stabilization i.e. to enhance the soil properties 

by introducing different additives in it. 

Initially, introduction of sand to soils followed by compaction was one of the common practices 

adopted by engineers for stabilization of such weak soil deposits. But, competent substitute for sand 

becomes necessary with time, as the application of sand is not only limited to geotechnical applications but 

also in construction industry (Chetia.M. et al. 2018). So, many researchers after doing their critical 

evaluation and comparison suggest stone dust to be a competent substitute for sand. Stone dust possesses 

both pozolanic as well as coarser particles in it. These characteristics of stone dust make it an appropriate 

admixture in fine grained soils in order to achieve desirable strength. 

Stone dust is a solid waste that is produced every year to a generous extent of 200 million tonnes 

per annum. It is a waste that cannot be treated before it is dumped which therefore creates environmental 

problems. Therefore, utilization of these wastes becomes obligatory. With the advancement in technology, 

researchers utilize these wastes to ameliorate the geotechnical properties of soil to make it suitable for 

construction activities. 

Over the past several decades, many investigators have devoted considerable efforts to study the 

suitability of stone dust as additive to modify the geotechnical properties of weak soil deposits. Extensive 

investigations and testing programmes have been conducted by them to study the strength and compaction 

characteristics, index properties, consistency when stone dust is used as an additive in weak soils. However, 

the review of literature has revealed that only a limited study has been done on shear strength properties and 

permeability.  

In view of the above, the main objective of this paper is to investigate the effect of stone dust 

(introducing in varying percentages) on shear strength and permeability characteristics of clayey soil. In 

addition, laboratory experiments like consistency limit tests, compaction test, unconfined compression test 

and CBR tests are also performed with an objective to reach for better results and conclusions. 

In order to fulfil our objective, a comprehensive investigation of using stone dust as additive has 

been planned. Firstly, stone dust was procured from Pal stone industries Limited located at Lalkuan, 

Uttarakhand. Soil was acquired from the campus of G.B. Pant University of Agriculture & Technology, 

Pantnagar (Uttarakhand). The overall testing programme was conducted in three phases. In the first phase 

experimental investigation of soil was carried out. In the second phase laboratory examinations was done on 

stone dust. In the third and last phase soil was mixed with different percentages of stone dust (i.e. 0%, 10%, 

20%, 30%, 40% and 50%). 

By analyzing the results obtained from various laboratory experiments, it was concluded that 

utilization of stone dust as additive is satisfactory when mixed with clayey soil. Plasticity index was 

observed to decrease from 12.81% to 2.11% with increment in percentage of stone dust from 0 to 40% and 

beyond this a non plastic behaviour of soil was observed. Proctor results reflect that optimum dry density 

was decreased from 16.75% to 13.25% while maximum dry density increases from 1.74g/cm
3
 to 1.89g/cm

3
 

on increasing the stone dust percentage from 0 to 50%. The stress at failure and CBR increased up to 30% 

addition of stone dust and afterwards they show a decreasing trend. The value of cohesion decreases while 

angle of internal friction increases. The permeability of samples was increased when stone dust was mixed 

up to 50%. These results were compared with the previous study’s results done by many researchers which 

reveal a fairly good agreement between the observations. 
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Lkkjka’k

uke    % fiz;adk vxzoky    ifjp;kad la[;k  % 53892

lsesLVj o izos‛k dk o’kZ  % izFke lsesLVj 2018&19       mikf/k   % ,e-Vsd-

eq[; fo‛k;   % eǹk ;kaf=dh vkSj QkmaMs’ku bathfu;fjax   foHkkx   % flfoy bathfu;fjax 

‘kks/k dk ‚kh’kZd   % eǹk ds LFkkf;Ro lq/kkj dh ,d fVdkÅ fof/k

Lkykgdkj    % Mk0 vthr dqekj

   fiNys dqN n'kdksa esa flfoy bathfu;fjax xfrfof/k;ksa esa bekjrksa] lM+dksa] jktekxZ vkSj gokbZ {ks=ksa ds fuekZ.k esa tcjnLr 

of̀) gqbZ gSA ysfdu] bl rjg dh xfrfof/k;ksa ds fy, mi;qä Hkwfe dh vi;kZIrrk gS D;ksafd] vDlj bu lkbVksa ij miyC/k feêh esa 

feêh] nkseV ;k dkyh dikl feêh gks ldrh gS] ftUgksaus Hkw&rduhdh bathfu;jksa ds fy, tfVyrk,a mRiUu dh gSaA tc ,slh feêh 

fofHkUu çdkj ds o‚Y;wesfVªd ifjorZuksa dks n'kkZrh gS] tc uhao ds uhps lefFkZr lkexzh ds :i esa dk;Z fd;k tkrk gSA blfy,] dbZ 

'kks/kdrkZ bl eqís dks nwj djus ds fy, lek/kku [kkstus dh dksf'k'k djrs gSaA vkSj ,slk gh ,d vkfFkZd lek/kku gS ènk fLFkjhdj.k 

vFkkZr blesa fofHkUu ;kstdksa dks 'kkfey djds eǹk xq.kksa dks c<+kukA

 çkjaHk esa] la?kuu ds ckn jsr dk ifjp; bl rjg dh detksj feêh ds fuLrkj.k ds fy, bathfu;jksa }kjk viukbZ xbZ 

lkekU; çFkkvksa esa ls ,d Fkk A ysfdu] jsr ds fy, l{ke fodYi le; ds lkFk vko';d gks tkrk gS] D;ksafd jsr dk vkosnu dsoy 

Hkw&rduhdh vuqç;ksxksa rd gh lhfer ugha gS] cfYd fuekZ.k m|ksx esa Hkh gS A blfy,] vius egRoiw.kZ ewY;kadu vkSj rqyuk djus ds 

ckn dbZ 'kks/kdrkZ iRFkj dh /kwy dks jsr ds fy, ,d l{ke fodYi crkrs gSa A iRFkj dh /kwy esa nksuk sa ikstksySfud vkSj lkFk gh blesa 

eksVs d.k gksrs gSaA iRFkj dh /kwy dh ;s fo'ks"krk,a bls okaNuh; 'kfä çkIr djus ds fy, Bhd nkus okyh feêh esa ,d mi;qä feJ.k 

cukrh gSaA

 iRFkj dh /kwy ,d Bksl vif'k"V gS tks gj lky 200 fefy;u Vu çfr o"kZ dh mnkj lhek rd mRikfnr gksrk gSA ;g ,d 

,slk dpjk gS ftls Mai djus ls igys bldk bykt ugha fd;k tk ldrk gS] ftlls i;kZoj.kh; leL;k,a iSnk gksrh gSaA blfy,] bu 

dpjs dk mi;ksx vfuok;Z gks tkrk gSA çkS|ksfxdh esa çxfr ds lkFk] 'kks/kdrkZ bu dpjs dk mi;ksx feêh ds Hkw&rduhdh xq.kksa dks

lq/kkjus ds fy, djrs gSa rkfd ;g fuekZ.k xfrfof/k;ksa ds fy, mi;qä gksA

 fiNys dbZ n'kdksa esa] dbZ tkapdrkZvksa us iRFkj dh /kwy dh mi;qärk dk v/;;u djus ds fy, dkQh ç;klksa dks lefiZr 

fd;k gS rkfd detksj feêh ds HkaMkj ds Hkw&rduhdh xq.kksa dks la'kksf/kr fd;k tk ldsA detksj feêh esa ,d ;ksT; ds :i esa iRFkj 

dh /kwy dk mi;ksx djus ij rkdr vkSj la?kuu fo'ks"krkvksa] lwpdkad xq.kksa] fLFkjrk dk v/;;u djus ds fy, muds }kjk O;kid 

tkap vkSj ijh{k.k dk;ZØe vk;ksftr fd, x, gSaA gkykafd] lkfgR; dh leh{kk ls irk pyk gS fd drjuh 'kfä xq.kksa vkSj ikjxE;rk 

ij dsoy ,d lhfer v/;;u fd;k x;k gSA

 mijksä ds eísutj] bl i= dk eq[; mís'; feêh dh feêh dh drjuh 'kfä vkSj ikjxE;rk fo'ks"krkvksa ij iRFkj dh /kwy 

¼vyx&vyx çfr'kr esa ifjp;½ ds çHkko dh tkap djuk gSA blds vykok] fujarjrk ijh{k.k ijh{k.kksa] la?kuu ijh{k.k] viq"V laihM+u 

ijh{k.k vkSj lhchvkj ijh{k.k tSls ç;ksx'kkyk ç;ksxksa dks Hkh csgrj ifj.kke vkSj fu"d"kZ ij igqapus ds mís'; ls fd;k tkrk gSA

 gekjs mís'; dks iwjk djus ds fy,] iRFkj dh /kwy dks ;ksT; ds :i esa mi;ksx djus dh ,d O;kid tkap dh ;kstuk cukbZ 

xbZ gSA lcls igys] mÙkjk[kaM ds ykydqvka fLFkr iky iRFkj m|ksx fyfeVsM ls iRFkj dh /kwy dh [kjhn dh xbZ FkhA thch iar —f"k 

,oa çkS|ksfxdh fo'ofo|ky;] iaruxj ¼mÙkjk[kaM½ ds ifjlj ls çkIr fd;k x;k FkkA lexz ijh{k.k dk;ZØe rhu pj.kksa esa vk;ksftr 

fd;k x;k FkkA igys pj.k esa feêh dh çk;ksfxd tk¡p dh xbZA nwljs pj.k esa iRFkj dh /kwy ij ç;ksx'kkyk ijh{k.k fd, x,A rhljs 

vkSj vafre pj.k esa feêh dks iRFkj dh /kwy ds fofHkUu çfr'kr ¼;kuh 0%] 10%] 20%] 30%] 40% vkSj 50%½ ds lkFk feyk;k x;k 

FkkA

 fofHkUu ç;ksx'kkyk ç;ksxksa ls çkIr ifj.kkeksa dk fo'ys"k.k djds ] ;g fu"d"kZ fudkyk x;k fd feêh ds feêh ds lkFk fefJr 

gksus ij iRFkj dh /kwy dk mi;ksx ;ksT; ds :i eau larks"ktud gSA 0 ls 40 % rd iRFkj dh /kwy ds çfr'kr esa of̀) ds lkFk 12-

81% ls 2-11% rd dh deh ds lkFk IykfLVflVh baMsDl ns[kk x;k Fkk vkSj blds vykok feêh dk ,d xSj IykfLVd O;ogkj ns[kk 

x;k FkkA ç‚DVj ifj.kke n'kkZrs gSa fd b"Vre 'kq"d ?kuRo 16-75% ls ?kVdj 13-25% gks x;k] tcfd iRFkj dk çfr'kr çfr'kr 0 ls 

c<+kdj 50% djus ij vf/kdre 'kq"d ?kuRo 1-74g / lhlh ls 1-89g / lhlh rd c<+ tkrk gSA vlQyrk ij ruko vkSj lhchvkj 

iRFkj dh /kwy ds 30% rd c<+ x;k vkSj ckn esa os ,d ?kVrh ço`fÙk fn[kkrs gSaA vkarfjd ?k"kZ.k ds dks.k es a o`f) gksus ij lkeatL; dk 

ewY; ?kV tkrk gSA iRFkjksa dh /kwy 50% rd fefJr gksus ij uewuksa dh ikjxE;rk c<+ xbZ Fkh A bu ifj.kkeksa dh rqyuk dbZ ‘kks/

kdrkZvksa }kjk fd, x, fiNys v/;;u ds ifj.kkeksa ds lkFk dh xbZ Fkh] tks fVIif.k;ksa ds chp ,d fu"i{k xhr vPNk le>kSrk çdV 

djrs gSaA 

 

 
  

  

   ¼vthr dqekj½                                                                  ¼fiz;adk vxzoky½ 

     Lkykgdkj                                                                            ysf[kdk 


