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Abstract - Stabilization of soil is important in the construction of foundations and highways as it improves the Engineering 

properties of soil like compressibility, permeability and shear strength. Sub grade strength of clayey soil can be improved by 

use of inert materials like sand. Sand have many other applications such as contaminant remediation, liner, Filtration etc. The 

natural river sand is a source of inert sand but nowadays the availability of river sand is low, so suitable alternatives to river 

sand are essential. Manufactured Sand (M-Sand) is found to be a suitable alternative to river sand for construction purpose. 

This study aims to find out the suitability of M-Sand in soil stabilization.  
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                      I. INTRODUCTION 
Clayey soils often exhibit undesirable engineering 

behavior such as low strength, swelling and shrinkage 

characteristics etc. To improve these properties, the 

common method followed is stabilization. Addition of 

inert materials like river sand can increase several 

properties of clay such as compressibility permeability 

and shear strength. The natural river sand is a source of 

inert sand but nowadays it is not economical. Sand is a 

non-renewable resource in human life scale. Depending 
on the geological setting, this surface or subaqueous type 

of mining can cause serious environmental impacts, 

particularly if the river being mined is erosional. So, an 

alternative to river sand which is capable to carry all 

functions is necessary.  

 

II. ALTERNATIVES FOR RIVER SAND 
River sand is becoming a scarce material [1]. Sand 

mining from our rivers has become objectionably 

excessive. It has now reached a stage where it is killing 

all our rivers day by day [2]. So, sand mining has to be 

discouraged so as to save the rivers. As natural sand 

deposits become depleted near some areas of 

metropolitan growth, the use of alternatives to sands as a 
replacement fine aggregate in concrete is receiving 

increased attention [3]. As a solution for this, various 

alternatives are explored and used in many parts of the 

world. Some of them are: 

1. Offshore Sand 

Mixing of offshore sand with clay can reduce differential 

settlement of foundations in clayey stratum. On the other 

hand, using a mixture of seawater saturated sand (i.e. 

without allowing drainage or natural washing) has 

resulted in much higher corrosion in the foundation 

materials. 

2. Fly Ash/ Bottom Ash/Pond Ash 

Pond ash is the by-product of thermal power plants, 
which is considered as a waste material and its disposal 

is a major problem from an environmental point of view 

and also it requires a lot of disposal areas. There are 

three types of ash produced by thermal power plants, viz. 

fly ash, bottom ash, and pond ash. Fly ash is collected by 

mechanical or electrostatic precipitators from the flue 

gases of power plant; whereas, bottom ash is collected 

from the bottom of the boilers. When these two types of 

ash, mixed together, are transported in the form of slurry 

and stored in the lagoons, the deposit is called pond ash. 

One of the major disadvantages is the leaching of ashes 
and sulfate attack at certain environments. 

3. Copper Slag 

Copper slag can be used as alternative of river sand, but 

it cannot completely replace river sand for soil 

stabilization as it is coarse grained and the percentage of 

fine-grained particle is very less. 

4. Manufactured Sand (M-Sand) 

Manufactured sand is popularly known by several names 

such as Crushed sand, Rock sand, Green sand, UltraMod 

Sand, Robo sand, Poabs sand, Barmac sand, Pozzolan 

sand etc. IS 383-1970 (Reaffirmed 2007) recognizes 

manufacture sand as „Crushed Stone Sand‟. Crushed 
stone sand is produced by crushing boulders. 

Manufactured sand is produced by rock-on-rock or rock-

on-metal Vertical Shaft Impact or (VSI) in which the 

process that produced alluvial deposits is closely 

simulated particle size reduction and achieving 

equidimensional shape is critical to get desired 

properties. M-sand is similar to quarry dust. But quarry 
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dust is too flaky and shapeless and this will inversely 

affect the strength of soil. M- Sand is cubically shaped 

and well graded (IS 383-1970).Now a days in many 

countries M-Sand is widely used as an alternative of 

river sand in construction industries. River sand has an 

inevitable role in soil stabilization. [4] Substitution of 

river sand with M-Sand in soil stabilization is the 

objective of this study. 

  

III. MATERIALS USED 
1. Clay  
The clay used for work was collected from Thonnakkal, 

Thiruvananthapuram, and Kerala, India. The Fig. 1 
shows the clayey soil sample. The properties of soil were 

tested and tabulated in Table 1. Based on Indian 

Standard Classification System (ISCS), the soil is 

classified as Clay of low compressibility (CL). The grain 

size distribution of clay was found out using hydrometer 

analysis (IS: 2720 (Part 4)- 1983) is shown in Fig. 2. 

 

 
                       

                              Fig. 1 Clayey soil sample. 

 

                    Table 1 Properties of clayey soil. 

Soil Properties Values Obtained 

Specific gravity 2.53 

Liquid limit (%) 33 

Plastic limit (%) 20.2 

Shrinkage limit (%) 18.3 

Plasticity Index (%) 12.9 

IS Classification CL 

OMC (%) 24.5 

Percentage of clay (%) 6 0 

Percentage of silt (%) 3 6 

Percentage of sand (%) 4 

UCC strength (kg/cm²) 0.48 

 

        
           Fig. 3 Particle size distribution of clayey soil. 

2. River Sand  

River sand was collected from Neyyattinkara, 

Thiruvananthapuram, Kerala, India. The properties of 

sand were tested and tabulated in Table 2. The grain size 

distribution of river sand was found out by sieve analysis 

(IS: 2720 (Part 4)- 1983) is shown in Fig. 4 

 

 
             Fig. 4 Particle size distribution of River sand. 

 

                    Table 2 Properties of River sand. 

 

Soil Properties Values Obtained 

Specific gravity 2.65 

Effective Size D10(mm) 0.2 

D60(mm) 0.64 

D30(mm) 0.38 

Co-efficient of curvature 1.13 

Uniformity Co-efficient 3.2 

Percentage of clay and silt (%) 1.6 

Percentage of sand (%) 98.3 

Percentage of gravel (%) 0.1 

Angle of internal friction (Φ) 320 

Cohesion, c (kPa) 0 

 

3. M-Sand  

M-Sand used in this work is m-sand commonly used in 

concrete works collected from Thiruvananthapuram, 

Kerala, India. The properties of sand were tested and 

tabulated in Table 3. The grain size distribution of M-

Sand was found out by sieve analysis (IS: 2720 (Part 4)- 
1983) is shown in Fig. 5. 
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Table 3 Properties of M-sand. 

Soil Properties Values Obtained 

Specific gravity 2.7 

Effective Size D10(mm) 0.09 

D60(mm) 1.2 

D30(mm) 0.4 

Co-efficient of curvature 1.5 

Uniformity Co-efficient 13.33 

Percentage of clay and silt (%) 8.9 

Percentage of sand (%) 90. 9 

Percentage of gravel (%) 0 .2 

% fines below 0.6mm 40% 

Angle of internal friction (Φ) 470 

Cohesion, c (kPa) 0 

 

 
 

IV. METHOD OF STUDY 
1. Tests Conducted  
Following tests were conducted on all soil mixes.  

 Specific gravity (IS: 2720 (Part 3)-1983)  

 Standard proctor test (IS: 2720 (Part 7)-1983)  

2. Methodology  
The dried soil sample was collected. Mechanical and 

hydrometer analysis were used to obtain the particle size 

distribution of the soil sample in accordance with the 

standard specifications. Similar tests were conducted in 

river sand and M-Sand. For the particle size analysis, 

gravel was defined as particles larger than 4.75 mm and 

silts were particles smaller than 0.075mm while clay 

contents are percentages of soil fractions smaller than 

0.002mm. The properties of river sand an M-sand was 

compared.  

 
Specific gravity and compaction characteristics 

(Optimum Moisture Content (OMC) and Maximum Dry 

Density (MDD)) of clay-river sand mixes and clay-M-

sand mixes were determined in accordance with IS 

specifications. These values were compared to reach 

conclusion.  

 

          V. RESULTS AND DISCUSSIONS  
1. Comparison of Initial Properties of River Sand and 

M-Sand -The initial properties of River sand and M-

sand were tested as per IS 2720 (Part 4)-1983 and they 

are tabulated in Table 2 and Table 3. Table 4 shows the 

properties of both M-sand and river sand for convenient 
comparison.  

         

            Table 4 Properties of River sand and M-sand. 

Soil Properties               River Sand Values Obtained  

 M-sand  

Specific gravity 2.65 2.7 

Effective Size D10(mm) 0.2 0.09 

D60(mm) 0.64 1.2 

D30(mm) 0.38 0.4 

Co-efficient of curvature 1.13 1.5 

Uniformity Coefficient 3.2 13.3 

Percentage of clay and 

silt (%) 

1.6 8.9 

Percentage of sand (%) 98.3 90.9 

Percentage of gravel (%) 0.1 0.2 

Angle of internal friction 

(Φ) 

320 470 

Cohesion, c (kPa) 0 0 

 

From the obtained data it was observed that M-sand has 

high specific gravity than River sand. M-Sand is well 

graded (uniformity Co-efficient greater than 6) and the 

amount of silt and clay sized particles are more in M-

Sand than River sand. High angle of internal friction of 

M-Sand indicates that it has high density and shear 
strength than River sand. 

2. Variation of Specific Gravity  
Specific gravity of solids is an important parameter for 

determining many properties of soil. Specific gravity of 

each mix is obtained as per IS: 2720 (Part 3)-1983. The 

results obtained are shown in Table 5. The variation of 

specific gravity is shown in Fig. 6 

 
Fig.6 Variation in Specific gravity with varying 

percentages of River sand and M-sand in Clay. 
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Table 5 Specific gravity of clay–river sand and  

Clay–M-sand mixes. 

Additive 

in clay 

 

Soil mix Specific 

gravity, G 

 Clay 2.52 

River 

sand 

 

Clay + 10% River sand 2.54 

Clay + 20% River sand 2.58 

Clay + 30% River sand 2.62 

Clay + 40% River sand 2.6 

Clay + 50% River sand 2.58 

M-sand 

 

Clay + 10% M-sand 2.55 

Clay + 20% M-sand 2.59 

Clay + 30% M-sand 2.63 

Clay + 40% M-sand 2.65 

Clay + 50% M-sand 2.62 

Clay + 10% M-sand 2.55 

3. Variation of Compaction Characteristics  
Clay–river sand and clay–M-sand mixes were prepared 

and compaction characteristics (Optimum Moisture 

Content, OMC and Maximum Dry Density, MDD) were 

determined for each mix using standard proctor test as 

per IS: 2720 (Part 7)-1983. The compaction 

characteristics of soil are an important parameter since it 

controls strength, compressibility, permeability and 

densification. The obtained values of MDD and OMC 

are tabulated in Table 6. Variation of MDD and OMC 
with varying percentages of River sand and M-sand in 

clay is show in Fig. 7 and Fig. 8.  

 

Table 6 Compaction characteristics of clay–river sand 

and clay–M-sand mixes. 

 

 
 

 
 

Fig. 7 Variation of MDD for different percentages of 

River sand and M-sand in Clay. 

 

 
 

Fig. 8 Variation of OMC for different percentages of 

River sand and M-sand in Clay. 

 

Due to the high specific gravity of M-sand, addition of 

M-sand causes more increase in MDD than addition of 

river sand. Higher MDD and lower OMC is the 

favorable condition of soil compaction in field [5]. 

 

 VI. CONCLUSION 
1. M-sand has high specific gravity and angle of internal 

friction than River sand.  

2. The addition both river sand and M-sand increases the 

specific gravity up to a certain limit.  

3. Clay– M-sand mix have maximum specific gravity 
which is higher than that of Clay-river sand mix  

4. The addition of both river sand and M-sand reduces the 

OMC but increases the MDD of soil mix up to a certain 

limit.  

5. Clay– M-sand mix have MDD which is higher than that 

of clay-river sand mix  

6. Variations in dry density of clay by the addition of M-

sand is almost similar to the variations caused by the 

addition of river sand and obtained MDD is higher than 
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that by the addition of river sand. So, M-sand can be 

used as an alternative of river sand.  
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