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ABSTRACT 

Stone column is a ground improvement method for shallow foundation structures and is a 

popular method now days. Diameter of stone column can vary from 300 mm to 1000 mm and 

length can be up to 10m. Stone aggregates of particle size 10mm to 70 mm are used for stone 

column construction. Stability of stone column depends on so many factors such as relative 

compaction of stone column material, confining pressure offered by surrounding soil, stress 

concentration ratio, loading condition, stress history of soil, gradation of stone column material, 

spacing of stone column, dimensions of stone column etc. In this paper, we have discussed the 

variation in stability of stonemcolumnhwithuthe confiningtpressure of surroundingosoil. By 

stability, we are actually dealing with the loadjcarryingrcapacityeof stonefcolumn. Confining 

pressure offered by the surrounding soil depends on thelshearwstrength of theysoil. And shear 

strength of soil is a function of its moisture content. 

Here, we have changed the shear strength of soil by changing its moisture content and then 

computed the loadzcarryingjcapacityfof stonemcolumn experimentally. 

A graph has also been given which shows the relationship between shear strength of confining 

soil and loadzcarryingwcapacityvof stonemcolumn. 

 

 

 

 

 

 

 



 
v 

 

1. Introduction                                                                                                        01 

1.1. Preamble                                                                                                                     01 

1.2. Function of Stone Column                                                           01 

1.3. Installation Technique                                                                                                      02 

1.3.1. Displacement Method                                                                                            02 

1.3.1.1. Wet, Top feed Method:                                                                              03 

1.3.1.2. Dry, Bottom feed Method                                                                03 

1.3.2. Non-Displacement Method                                                                                    04 

1.4. Factors Affecting Strength of Stone Column                                                                   05 

1.4.1. Diameter of Stone Column                                                                                    05 

1.4.2. Spacing                                                                                                                  05 

1.4.3. Pattern                                                                                                                    05   

1.4.4. Stress Concentration Ratio                                                                                     05 

1.5. Failure of Stone Column                                                                                                   06 

1.5.1. Bulging Failure                                                                                                      06   

1.5.2. Shear Failure                                                                                                          06 

1.5.3. Punching Failure                                                                                                    07 

1.6. Advantages                                                                                                                       07 

 CONTENTS  

Title                                                                                                                                    Page No. 

Declaration     Ii 

Certificate    Ii 

Acknowledgement   Iii 

Abstract  
   
Iv 

List of figures    
  
Vii 

List of tables                                                                                                                                                
   

Ix 



 
vi 

 

1.7. Limitations                                                                                                                        07 

1.8. Objective                                                                                                              08 

2. Literature review                            9 

2.1. Previous researches                             9 

2.2. Heinz J. Pribe’s Method                                                                                                   10 

2.3. Elastic Approach                                                                                                              11 

2.4. IS Method (IS 15289 part I : 2003)                                                                                  13 

3. Experimental Investigation                                                                                                      15 

3.1. Surrounding Soil                 15 

3.1.1. Atterberg’s Limits and Specific Gravity             15 

3.1.2. Classification of Soil                15 

3.1.3. Standard Proctor Compaction Test              16 

3.2. Stone Column Material                17 

3.2.1. Grain Size Distribution               18 

3.2.2. Specific Gravity                19 

4. Methodology                                                                     20 

4.1. Test Tank Preparation                                                             20 

4.2. Stone Column Installation                                                               20 

4.3. Load Application                                                                                                              22 

4.4. Experimental Procedure                                                                                                  24 

4.5. Observations                                                                                                                     26 

4.5.1. Surrounding Soil Sample 1                                                                                    26                

4.5.2. Surrounding Soil Sample 2                                                                                    29                           

4.5.3. Surrounding Soil Sample 3                                                                                    31                         

5. Result and Discussion                                                                                                            33 

6. Conclusions                                                                                                                             38 

References                                                                                                                               39 

 

 

  



 
vii 

 

LIST OF FIGURES 

 

Figure No. Title  Page No. 

Figure 1.1   Installation Techniques                                                                                               02                           

Figure 1.2   Vibroflotation Method                                                                                                03 

Figure 1.3   Wet, Top Feed Vibroflotation Method                                                                       03 

Figure 1.4   Dry, Bottom Feed Vibroflotation Method                                                                  04 

Figure 1.5    Bored Rammed Method                                                                                            04 

Figure 1.6    Failure Mechanism of Stone Column                                                                       06 

Figure 2.1   Schematic Diagram of Unit Cell                                                                                12 

Figure 3.1    Standard Proctor Compaction Curve of Soil used                                                     16 

Figure 3.2   Grain Size Distribution of Stone Column Material                    18 

Figure 4.1    Stone Column Installed in Tank                                                                                21 

Figure 4.2    Steel Casing                                                                                                               22 

Figure 4.3   Weights used for Gravimetric loading                     21 

Figure 4.4    Schematic Diagram of Experimental Setup                                                              23 

Figure 4.5    Gravimetric Loading on Stone Column                                                                    25 

Figure 4.6    Direct Shear Test for Surrounding Soil Sample 1                                                     26                            

Figure 4.7    Load Settlement Curve for Surrounding Soil Sample 1                                            28                          

Figure 4.8    Direct Shear Test for Surrounding Soil Sample 2                                                     29                               

Figure 4.9    Load Settlement Curve for Surrounding Soil Sample 2                                            30                                

Figure 4.10  Direct Shear Test for Surrounding Soil Sample 3                                                    31                                   



 
viii 

 

LIST OF FIGURES 

 

Figure No. Title Page No. 

Figure 4.11  Load Settlement Curve for Surrounding Soil Sample 3                                            32                                   

Figure 5.1   Variation of Shear Strength with Moisture Content                                                   34 

Figure 4.2   Load Settlement Curve at various Moisture Contents                                                35 

Figure 4.3   Relationships between Load Carrying Capacity and Shear Strength of Soil             37 

  



 
ix 

 

LIST OF TABLES 

 

 

Table No. Title Page No. 

Table 3.1    Standard Proctor Compaction table                                                                            16 

Table 3.2    Grain Size Distribution of Stone Column Material                                                    17 

Table 3.3     Specific Gravity Calculation               18 

Table 4.1     Load Settlement Table for Surrounding Soil Sample 1                                             27                                

Table 4.2     Load Settlement Table for Surrounding Soil Sample 2                                             29                            

Table 4.3     Load Settlement Table for Surrounding Soil Sample 3                                             31          

Table 5.1     Direct Shear Test Table                                                                                             33 

Table 5.2     Relationship between Moisture Content, Shear strength and                                    37               

                  Load Carrying Capacity 

 



 
1 

 

CHAPTER 1 

INTRODUCTION 

1.1 Preamble  

Stonezcolumndis adgrounddimprovementd techniquey which isrnow a days using widely due to 

its economical and easier construction. They areualsohknown asogranularfcolumns or granulare 

piles. Stone column can be thought of as a combination of concrete pile and sand drain. Like 

concrete piles, stone columns increaseskthe bearingpcapacitykofgthebsoil, reduces the settlement 

and like sand drains, stone columns provide a drainage path for to water which is not possible in 

concrete piles. This property of stone column leads to accelerated consolidation in fine grained 

soil. Unlike concrete piles, stone columns needs no settling time and can be loaded just after their 

installation. Stone columns generally are of diameter 0.6m to 1m and depth can be 5m to 20m. 

Factors affecting stone column’s efficiency are: - stress concentration ratio, angle of internal 

friction of column material, shear strength of surrounding soil, elastic modulus of the stone 

column, area ratio etc. Stone columns can be end bearing or friction type. The modesfofjfailure 

ofgstonencolumnsrunder compressive loads are: - bulging,ygeneralhsheargfailurelandtsliding. 

Critical length of a stone column is about 4 times its diameter. A longvstonehcolumn havingha 

lengthogreaterhthan its criticalglength failskdue to bulgingfirrespective of whetherlit istend 

bearinguorpfloating (IS 15284 part I : 2003). As we go below the ground surface, confining 

pressure increases, so their chances of bulging is less .Stone column bulge somewhere near the 

top. 

1.2. Functions of Stone Column 

Stone column becomes a very popular ground improvement technique. Functions of stone 

column which makes it that much popular are as follows. 

1. Installation of stone column improves ground by reducing soil settlement. Due to its 

higher modulus of elasticity than that of soil, it absorbs more load than soil and reduces 

overall settlement. 
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2. Since applied load distributes in between soil and stone column in the ratio of their 

stiffness ratios, load carrying capacity of soil also increases. 

3. Stone aggregates are used to fill stone column. Water can easily pass into the stone 

column. So, stone column helps in excess pore water pressure mitigation and accelerates 

the consolidation process. 

4. Stone columns provide stability to structure under rapid loading condition such as 

earthquake. Since excess pore water pressure mitigates easily, chances of failure under 

earthquake condition reduces. 

1.3. Installation Techniques 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.3.1. Displacement Method:- 

In displacement method, boring is done by displacing the nearby soil. Soil is displaced laterally, 

due to which engineering property of soil may change. Hole can be made by driving casing or 

Installation 
Techniques

Displacement 
Method

Wet, Top feed 
Method

Dry, Bottom 
feed Method

Non 
Displacement 

Method

Bored 
Rammed 
Method

 

Figure 1.1 Installation Techniques 
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tube into the ground. Best example of displacement method is vibrofloat method which is using 

widely now. Vibroflotation can be done by following two ways.   

 

Figure 1.2. Vibroflotation Method (Ambily A.P.  and Gandhi Shailesh R.  (2007)) 

 

1.3.1.1. Wet, Top Feed Method: 

This method is used for soft soil in which bore hole is not stable. This method can also be used if 

water table is very high. In this method, vibrofloat is inserted into the soil by its own weight. 

After full depth penetration, stone aggregate is poured from the top 

. 

 

Figure 1.3. Wet, Top Feed Vibroflotation Method (Ambily A.P.  and Gandhi Shailesh R.  (2007)) 

 

1.3.1.2. Dry, Bottom Feed Method: 



 
4 

 

In this method, feeding of aggregate is done at the bottom with help of a pipe which connects top 

and bottom of vibrofloat. This method is used at low water table condition, for soil having high 

shear strength, in which bore can stand on its own. 

 

Figure 1.4.  Dry, Bottom Feed Vibroflotation Method (Ambily A.P.  and Gandhi Shailesh R.  (2007)) 

 

1.3.2. Non Displacement Method: 

In this method, boring is done without displacing nearby soil. Although there will be some 

displacement buy can be neglected. Ex:- bored rammed method.   

 

1.3.2.1. Bored Rammed Method: 

This method consists of a casing and a hammer. Casing is driven into the soil by mean of 

external pushing force given by hammer. After formation of bore hole, stone aggregate is poured 

into the bore hole and compacted by hammer. Stone column derives its strength from the lateral 

confinement provided by the surrounding soil. So soil should have more shear strength and low 

sensitivity. 
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Figure 1.5.  Bored Rammed Method (IS 15289 part I : 2003) 

1.4. Factors Affecting Strength of Stone Column 

To know about the strength of stonetcolumn, first we should know the factors which can affect 

the strength of stone column. There are so many factors which can affect the stability of stone 

column such as stress history of soil, rate of loading, loading condition, engineering properties of 

soil, physical properties of stone column etc. But only important factors are explained below. 

 

1.4.1. Diameter of Stone Column 

Diameter is the basic parameter of stone column. Increase in diameter will increase the cross 

section of the stonegcolumn and hencelload carryingucapacity of the stonepcolumn will also 

increase. 

 

1.4.2. Spacing 

Spacing plays anmimportantkrole in stability of stonekcolumn. Spacing should be sufficient so 

that there should be no overlapping in the stress bulb of adjacent stone columns. Spacing is 

broadly computed by loading condition and plan area. Spacing value of 2m to 3m is desirable. 

 

1.4.3. Pattern  

Pattern of the stonekcolumn also affects stone column stability. It affects the unit cell area of 

stone column. Available patterns are triangular and square pattern. Most dense packing is 

achieved in equilateral triangular packing.  

 

1.4.4. Stress Concentration Ratio    
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Stressgconcentration ratiogis the ratiokof stresses applied at stone column and surrounding soil. 

Whenever an external load is applied on treated ground, stress is divided in stonejcolumn and 

surroundingksoil in the ratio of their stiffness factors. Higher the stressgconcentrationkratio, 

higherjwill be the loadlshared by stonetcolumn, lesser will be the overall groundksettlement. 

Stressmconcentrationkratio can be given as 

� =
��

��
  ....                                                                          (1) 

Where �� = stress in stone column 

           �� = stress in surrounding soil 

1.5. Failure of Stone Column 

There are three types of failure by which the stone column can fail. They are given below. 

 Bulging failure 

 Shear failure 

 Punching failure 

 

Figure 1.6. Failure Mechanism of Stone Column (IS 15289 part I : 2003) 
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1.5.1. Bulging failure 

As per IS 15289 PART 1, bulging failure occurs when length of the column is more than its 

critical length and column is floating. Critical length of stone column is four times its diameter. 

This failure happens due to lack of confinement.  

1.5.2. Shear failure 

Shear failure happens in short column with rigid base. In this failure, stone column fails due to 

lack in shear strength. Soil nearby the stone column heaves at failure. 

1.5.3. Punching failure 

This failure occurs due to lack of side friction between stone column and surrounding soil. It 

generally occurs in floating and short column. No heaving of soil takes place at failure. Large 

settlement occurs at failure. 

 

1.6 Advantages 

Weak soil, having very low shear strength and high compressibility requires ground 

improvement. For efficient use of stone columns, shear strength of soil should be between 7 kpa 

to 50 kpa. Stone column has following advantages which makes it better than any other ground 

improvement technique. 

 

1. It reduces total and differential settlement. 

2. It reduces chances of liquefaction in cohesion less soils by mitigating excess pore water 

pressure quickly. 

3. It  increase the bearing capacity of a site to make it possible to use shallow foundation on 

that soil hence, saving lot of money and time. 

4. It increases the stiffness of foundation. 

5. It improves the drainage conditions and can be helpful in environment control. 

6. It accelerates the rate of consolidation in cohesive soil by providing drainage path to 

water. 
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1.7. Limitations 

Stonetcolumn,pwhenkused in sensitiverclays have certainklimitations. There islincrease in the 

settlementhof the bedgbecauserof thenabsence ofkthe lateralgrestraint. The clayfparticles get 

cloggedvaroundbthetstonemcolumn thereby reducingbradialcdrainage. Tonovercomefthese 

limitations,tand to improvedthe efficiencygof thegstonexcolumns withzrespect to thevstrength 

and thetcompressibility, stonebcolumns are encased (reinforced) usingdgeogrids/geocomposites. 

 

 

 

1.8. Objective 

 

There are so many factors which affects the stability of stone column such as loading condition, 

confining pressure offered by surrounding soil, stress concentration ratio, dimensions of stone 

column, spacing etc. The objective of this project is 

 

1. To study the variation in shear strength of soil with its moisture content and obtain a 

relationship between them. 

2. To study the effect of confining pressure of surrounding soil on the load carrying capacity 

of stone column. 

3. To check whether moisture content at maximum load carrying capacity is related with 

optimum moisture content of that soil. 

4. Then finally, to prepare a curve showing relationship between load carrying capacity of 

stone column and shear strength of the surrounding soil. 
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CHAPTER 2 

LITERATURE REVIEW 
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……                                           (5) 

Depth factor Fd  can be given as 

 

2.3. Elastic approach
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Figure 2.1 Schematic Diagram of Unit Cell (Ling Zhang; Minghua Zhao; Caijun Shi; and Heng Zhao (2013)) 

 

With the help of generalized Hookrlaw, the stress-straintrelationshipspfor the ithtsegment in the 

elasticfsituation is given by 

                …….(6) 

Where ,    ∆�p,i  = vertical compression 

   ∆�p,i = lateral bulging 
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2.4. IS Method (IS 15284 part I ,2003) 

Based on the stress concentration factor n and the replacement ratio, a ,using the reduced stress 

method ,settlement of the treated ground can  be easily calculated as  

S= � ∆� �vH …..                                                          (7) 

   

 Where, �v = coefficient of volume compressibility  

    � = settlement reduction ratio 

Settlement reduction ratio can be given as 

� =
�

(��(���)�
 ……                                      ……   (8) 

Where  n= stress concentration ratio = 
��

��
  

�� =
�

[1 + (� − 1)�]
 

�� =
��

[1 + (� − 1)�]
 

Where   a = area ratio =  
��

�����
 

Load carrying capacity of stone column can be computed by using following formulas. 

Let σv = Limiting axial stress in the column when it approaches shear failure due to      

              bulging 

                 σv = (σro + 4Cu ) ×Kpcol                                                                    …….(9) 

where σro = limiting radial stress 

                 = K0 × 2ϒD 

             Ko = earth pressure coefficient at rest = 1-sin ф 
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            D = diameter of stone column 

            Cu = undisturbed undrained shear strength of surrounding soil. 

         Kpcol = passive earth pressure coefficient of stone column material 

                = [tan �45 +
��

�
�]2 

           �� = angle of frictional resistance of stone column material 

Load carrying capacity = σv × 
���

�
                                                       ……………..(10) 
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CHAPTER 3 

EXPERIMENTAL INVESTIGATION 

 

There are two types of materials which has been used in this experiment. One is the surrounding 

soil and the other is stone column material. To find the engineering and index properties, Tests 

have been conducted on these two materials and are listed below. 

3.1. Surrounding Soil 

The soil which is to be used to prepare the test tank has been taken from the campus of Delhi 

Technological University. To achieve cohesive soil free from grasses and other impurities, it was 

sieved through 425 micron sieve. The properties of soil used are given below:- 

3.1.1. Atterberg’s Limits & Specific Gravity 

Liquid limit = 42.27 %          ( IS : 2720 ( Part 5 ) – 1985) 

Plastic limit = 21.56%           ( IS : 2720 ( Part 5 ) – 1985) 

Plasticity index = 20.71%, 

Specific gravity= 2.72           ( IS : 2720 (Part 3) - 1980) 

3.1.2. Classification of Soil  

Soil was sieved through 75 microns sieve and 56% soil passed through that sieve. i.e. 

Fines fraction = 56% 

Since %age fines are more than 50%, it is fine grained soil.  

Equation of A-Line is,                     Ip = 0.73 (Wl – 20)                                              …………(11) 

Here, Wl = 42.27%, which implies, Ip = 0.73 (42.27 – 20) = 16.25%. 

 

Since plasticity index of soil is more than 16.25%. It lies above A-Line. That means it is clay. 

Liquid limit is more than 35% and less than 50%. So it is intermediate compressible soil.  

So as per IS standards, soil can be classified as CI. 



 
16 

 

3.1.3. Standard Proctor Compaction Test ( IS : 2720 (Part 7) – 1980) 

To find the optimum moisture content (OMC) and maximum dry density of soil used, standard 

proctor compaction was performed. Soil was filled in three layer in proctor compaction mould 

and each layer was given 25 blows by proctor compaction hammer weighing 2.6 kg. The 

observations are as follows. 

Table 3.1.  Standard Proctor Compaction Table 

S.No. Moisture 

content, w 

(%) 

Weight of 

soil in 

mould 

(gms) 

Volume of 

mould (cc) 

Bulk density 

(gm/cc) 

Dry density = 

(bulk density) 

/ (1+w), (gm/cc) 

1. 6.20 1625 1000 1.625 1.53 

2. 8.32 1710 1000 1.71 1.58 

3. 10.34 1787 1000 1.787 1.62 

4. 13.85 1810 1000 1.81 1.59 

 

 

Figure 3.1 Standard Proctor Compaction Curve of surrounding soil 

From the compaction graph shown above, we can say that 

Optimum moisture content,OMC = 10.34%     and         Maximum dry density = 1.62 gm/cc 
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3.2. Stone Column Material 

Aggregates of size 2mm to 10mm were used to fill the stone column. Strength of stone column 

also depends on compaction of stone column, and maximum compaction can be achieved for 

well graded soil. 

3.2.1. Grain Size Distribution 

Grainzsize distributionzof stone column material was conducted as per the specifications  of       

IS : 2720 Part 4: 1985 and is as follows.  

Total wt. of material taken = 1000 gms     

Table 3.2. Grain Size Distribution of Stone Column Material 

Sievezsize Wt.zretained(gms) Cumm. 

zWt. 

retained 

(gms) 

% wt.z 

retained 

% wt. finer 

10 mm 85 85 8.50 91.50 % 

4.75mm 560 645 64.50 35.50 % 

2mm 290 935 93.50 6.50 % 

1mm 65 1000 100 0 % 

pan     

 

���= 7.1 mm, ���=4.2 mm, ���=2.3 mm 

Coefficientzof uniformity, �� = 
���

���
  = 3.02  

Coefficientzof curvature, ��= 
���

�

���×���
 = 1.9  

For gravelzto be well graded, Cu > 4 and 1< Cc < 3. So this is poorly graded gravel (GP).    



 
18 

 

 

                                                      Figure 3.2  Grain Size Distribution of Stone Column Material. 
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3.2.2. Specific Gravity 

As per IS : 2386 (Part 3) – 1963 clause 2.4, for aggregate size less than 10 mm, pycnometer 

method can be used to determine the specific gravity of gravel. Specific gravity can be 

determined by:  

G = 
(�����)�

��� – ����(��� ��)�
 

Where, 

W1 = weight ofzempty pycnometer 

W2 =  weight ofxpycnometer + gravel 

W3 = weight ofzpycnometer + gravel + waterz 

W4 = weight ofzpycnometer filled completelyzwith water 

Table 3.3. Specific Gravity Calculation 

 Sample 1 Sample 2 Sample 3 

W1 (gm) 694.32 694.32 694.32 

W2 (gm) 786.43 850.43 890.23 

W3 (gm) 1686.43 1697.95 1744.34 

W4 (gm) 1549.32 1549.32 1549.32 

Specific Gravity, G 2.69 2.70 2.68 

Average value of Specific gravity is 2.69. 
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CHAPTER 4 

METHODOLOGY 

4.1. Test Tank Preparation 

A tank with dimensions 35cm*35cm*35cm was used to conduct this experiment. Greasing was 

done on the inner walls of the tank so that the effects due to friction between soil and tank’s wall 

can be neglected. Soil was sieved through 425 microns size in order to get desirable cohesive soil 

free from grass and coarse aggregates. Some amount ofzwater was addedzto the soil and it is 

make sure that water should mix with the soil homogeneously. Then, tank was filled with soil in 

five layers and each layer was given 25 blows of standard proctor hammer. After preparation of 

tank, a sample of soil was taken to find moisture content, bulk density and shear strength of the 

soil. This procedure was repeated three times with different moisture content. 

 

4.2. Stone Column Installation 

 

Stone column prepared has a diameter of 3 inches (7.62 cm) and depth of 30cm and is a floating 

stone column. As per IS 15284 (Part 1): 2003, “to ensure bulging failure, length of stone column 

should be more than its critical length (= 4 times its diameter)”. That is why to ensure bulging 

failure, length of stone column is taken 30 cm. A steel casing of outer diameter 3 inches and 

length 15 inches was used to make a bore hole in the soil. After making the bore hole, aggregate 

was poured into the hole and compacted to achieve sufficient stiffness. Pouring of aggregates 

and pulling out of casing was done simultaneously.    
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                                                   Figure 4.1. Stone Column Installed in Tank 
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Figure 4.2. Steel Casing 

4.3. Load application 

A rectangular metal plate of dimensions 20cm*15cm*1cm was placed over the stone column and 

two dial gauges were fixed at the two diagonal corners of the plate. Thickness of metal plate 

should be sufficient so that it can handle the load which it will going to experience. Loading was 

applied gravimetrically through the metal plate on the stone column. As per IS 15284 part 1, if 

stone column settles more than 10 mm, it is assumed as failure of stone column and load 

experienced by the stone column at 10 mm settlement is said to be Load Carrying Capacity of 

stone column. Loading was applied until the settlement exceeds 15 mm. Values of settlement and 

corresponding load were noted and are given in the observation below. 
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Figure 4.4. Schematic Diagram of Experimental Setup 
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4.4. Experimental procedure 

First of all, test tank was prepared as per the directions given above. One sample of soil was 

taken for determination of moisture content, bulk unit weight and shear strength as well. Shear 

strength was calculated using direct shear test due to its easy and less time consuming procedure. 

After that, stone column was installed as per the instructions given above. A rectangular metal 

plate of sufficient thickness was put over the stone column. This rectangular plate represents the 

footing at actual site and used to distribute the loading between stone column and surrounding 

soil. Loading was applied gravimetrically by putting metal plates and concrete cubes of known 

weight on the metal plate.  Settlement was recorded by the two dial gauges placed diagonally on 

the metal plate. Average value of dial gauges was used as settlement value. Loading was applied 

till 15 mm settlement. Load at 10 mm settlement is known as load carrying capacity of the stone 

column. This entire procedure was repeated three times with different moisture contents and the 

observations are given below.  
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                                              Figure 4.5. Gravimetric Loading on Stone Column 
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4.5. Observations 

The confining pressure or shearzstrength of thezsoil can be changed by changing its moisture 

content.  We have conducted this experiment 3 times with different shear strength and stability of 

stone column has observed. As per IS 15284 part 1, settlement value more than 10 mm is 

considered as failure of stonezcolumn and  loadzapplied on stone column at 10 mm settlement is 

known as loadzcarrying capacity of the stonezcolumn.  

Directzshear test was conductedzto determine the shearxstrength of soil. Although there are so 

many methods for shear strength determination but direct shear direct shear test has been 

conducted on three samples with varying moisture content and graphs are shown below. 

After preparing experimental setup, loading was applied gravimetrically in the form of weighing 

plates. Settlement was calculated using two dial gauges. Average value of two dial gauges has 

been taken. Loading was applied for not less than 10 mm settlement, say 14mm to 15mm 

settlement.  

4.5.1. Surrounding Soil Sample 1 (moisture content = 11%) 

 

Figure 4.6. Direct Shear Test for Surrounding Soil Sample 1 
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From direct shear test,                cohesion,zc = 15 kPa 

                        Angle ofzInternal Friction, � = 30.9 o 

 

 

 

 

 

Load settlement table is given below. 

Table 4.1.  Load Settlement Table for Surrounding Soil Sample 1 

Load (N) Settlement (mm) 

0 0 

176.58 2.4 

353.16 4.2 

529.74 7.1 

706.32 8.9 

882.9 10.3 

1059.48 11.5 

1236.06 12.8 

1412.62 13.4 
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Figure 4.7. LoadzSettlement Curvezfor Surrounding Soil Sample 1 

From the load settlement curve drawn above, load at 10 mm settlement = 833.85 N 
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4.5.2. Surrounding Soil Sample 2 (moisture content = 20%) 

 

Figure 4.8. Direct Shear Test for Surrounding Soil Sample 2 

Fromzdirect shear test,               zcohesion, c = 8kPa 

                        Anglezof Internal Friction, � = 28.37 o 

Load settlement table is given below. 

Table 4.2.  Load Settlement Table for Surrounding Soil Sample 2 

Load (N) Settlement (mm) 

0 0 

176.58 2.8 

264.87 4.7 

353.16 6.9 

441.45 8.4 

529.74 10.4 

618.03 11.5 

706.32 12.3 

882.9 13.6 
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                                     Figure 4.9. LoadzSettlement Curve for Surrounding Soil Sample 2 

From the load settlement curve drawn above, load at 10 mm settlement = 500.31 N 
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4.5.3. Surrounding Soil Sample 3 (moisture content = 32%) 

 

 

From directt shear test,                cohesion, c = 6.3 kPa 

                        Angle of Internal Friction, � = 26.1 o 

Load settlement table is given below. 

Table 4.3. Load Settlement Table for Surrounding Soil Sample 3 

Load (N) Settlement (mm) 

0 0 

49.05 2.5 

137.37 4.6 

225.63 6.7 

313.92 8.7 

402.21 10.1 

490.5 11.9 

667.08 12.6 

843.66 13.6 
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Figure 4.10.Direct Shear Test for Surrounding Soil Sample 3 
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Figure 4.11. LoadzSettlement Curve for Surrounding Soil Sample 3 

From the load settlement curve drawn above, load at 10 mm settlement = 392.4 N 
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                                                   CHAPTER 5 

RESULT AND DISCUSSION 

To determine the shear strength of surrounding soil at specific moisture content, direct shear test 

was performed on the undisturbed sample taken from the test tank. The values obtained are 

shown below in tabular form.   

Table 5.1.  Direct Shear Test Table 

 Moisture 

content 

Cohesion 

(kPa) 

angle of 

internal 

friction, � 

Bulk unit wt., 

�� 

(kN/m3) 

Dry unit wt., 

�� 

(kN/m3) 

Surrounding 

Soil Sample 1 

11% 15 30.9 o 17.76 16.00 

Surrounding 

Soil Sample 2 

20% 8 28.37 o 18.95 15.80 

Surrounding 

Soil Sample 3 

32% 6.3 26.1 o 19.78 14.98 

 

 

Shear strength is not the inherent property of soil. It depends on various factors such as loading 

conditions, rate of loading, moisture content of soil, stress history etc. Here, we have derived a 

relationship between shear strength and moisture content of soil keeping other factors constant. 

A graph has been plotted between shear strength and moisture content as shown in figure 4.1.  

From this graph, we can see that as moisture content of soil is increasing, shear strength of soil is 

decreasing.   



 
34 

 

 

                                           Figure 5.1. Variationzof ShearzStrength with Moisture Content 
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Load carrying capacity ofzstone column dependszon many factors such as confining pressure of 

surrounding soil, diameterzof stonezcolumn, length ofzstone column, stone column material, 

stress concentration ratio, stress history of soil, relative compaction of stones in stone column 

etc. confining pressure offeredzby soilzis directlyzproportional to the shear strength of soil. A 

graph between load and settlement has been already shown above. Variation of loadzcarrying 

capacity due to change in shear strength is shown in the graph shown below.  Influencezof shear 

strengthzof soilzon thezload carrying capacity can be predicted from the graph. 

 

 

                                   Figure 5.2. Load Settlement Curve at various Moisture Contents 

 



 
36 

 

Variation in shear strength and loadzcarrying capacityzof stone column with the moi sture 

content of soil is shown below in tabular form. As per IS 15289 part 1, loadzcarrying capacityzof 

stonezcolumn is the load required for 10 mm settlement. Loadzcarrying capacity is calculated in 

the above graph.  Test has been conducted on three samples with moisture content 11%, 20% and 

32% and shear strength , load experienced by stone column at 10 mm settlement is given below. 

Itzcan bezseen fromzthe table that loadzcarrying capacity as well as shear strength both 

decreases if moisture content of soil increseas. 

 

 

. 

Table 5.2. Relationship between Moisture Content, Shear Strength and Load Carrying Capacity 

 Surrounding Soil 

Sample 1 

Surrounding Soil 

Sample 2 

Surrounding Soil 

sample 3 

Moisture content 11% 20% 32% 

Shear strength(kPa) 16.31 9.38 7.69 

Load at 10 mm 

settlement(N) 

833.85 500.31 392.4 

 

  With the help of experiments conducted and the graphs given above, a relationship between 

load carrying capacity and shear strength is shown below in the form of graph. From the graph it 

can be predicted that load carrying capacityzof the stonezcolumn decreases by decreasing the 

shearzstrength of soil.  
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                               Figure 5.3.  Relationship between Load Carrying Capacity and Shear Strength of Soil 
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CHAPTER 6 

CONCLUSIONS 

 

 

 

 

 



 
39 

 

REFERENCES 

     

 Prof A.K.Gupta and Prof Kongan Aryan, Analysis of Rigid pavement on Expansive and 

collapsible soil. ICARI-2016 Feb27, 2016 

 

 Prof A.K.Gupta and Prof Kongan Aryan, Analysis and design of Rigid pavement on Expansive 

and collapsible soil. ICARI Feb 1,2014 ISPN 978-93-5156-328-0. 

 

Prof A.K.Gupta and Prof Kongan Aryan, Modern foundation incallapsible and expansive soil, 

promising theoretical new aspect,29 jan 2004, International conference on IIT Chennai. 

 

Prof A.K.Gupta and Prof Kongan Aryan-Innovation experimental study on intelligent polymer 

composite metro and rail. 

 

Prof A.K.Gupta and Prof Kongan Aryan-Study of waste material like computer electrical and 

electronics. 

 

Prof A.K.Gupta and Prof Kongan Aryan-Smart city rigid pavement crack pattern: case study of 

metro rail and mono rail, ACSM-15-471 28-29 dec 2015. 

 

Prof A.K.Gupta and Prof Kongan Aryan, Rigid pavement on expansive soil using plastic waste, 

ICARI 16-02-006. 

 

Prof A.K.Gupta and Prof Kongan Aryan, Rigid pavement on expansive soil using electronic and 

electrical waste, ICARI EN 16-02-004 

 

Ghosh.A et al,(2005). “Bearing capacity of square footing on pond ash reinforced with jute-           

geotextile” Journal of geotextiles and geomembranes volume 23,issue 2, pages 144-173. 

J., Binquet ,and  Lee, K.L.(1975). “ Bearing  Capacity  Tests   On  Reinforced  Earth Slabs. 



 
40 

 

  Gupta ak and Aryan kongan international and national publication a                    

concrete pavement on collapsible soils, london ,switzerland ,malaysia ,singapore,    

thailand and rome ,italy.  

 

 Ambily A. P. and Gandhi Shailesh R (2007).”Behavior of Stone Columns Based on 

Experimental and FEM Analysis” ASCE-2007, 405-415. 

 

Buddhima Indraratna , Sudip Basack & Cholachat Rujikiatkamjorn(2013). “Numerical Solution 

of Stone Column–Improved Soft Soil Considering Arching, Clogging, and Smear Effects” 

ASCE, 377-394. 

 

Etezad M., Hanna A.M., & Ayadat T. (2015).” Bearing Capacity of a Group of Stone Columns 

in Soft Soil” ASCE, 1532-3641. 

 

IS 15284 (Part 1) :2003. “Design and Construction for Ground Improvement - Guidelines part 1-

Stone Columns”. 

 

IS : 2386 (Part 3) – 1963.“Methods of Test For Aggregates For Concrete : Part III -  Specific 

Gravity, Density, Voids, Absorption And Bulking”. 

 

IS : 2720 (Part 3) – 1980. “Methods of Test For Soils : Part 3 - Determination Of Specific 

Gravity”. 

 

IS : 2720 (Part 4) – 1985. “Methods of Test For Soils : Part 4 - Grain Size Analysis”. 

 

IS : 2720 ( Part 5 ) – 1985. “Methods of Test For Soils : Part 5 - Determination Of Liquid And 

Plastic Limit”. 

 

IS : 2720 (Part 7) – 1980. “Methods of Test For Soils :Part 7 - Determination Of Water Content, 

Dry Density Relation Using Light Compaction”. 



 
41 

 

 

James K. Mitchell, Timothy R. Huber(1985).” Performance of a Stone Column Foundation” 

ASCE,205-223. 

 

Ling Zhang; Minghua Zhao; Caijun Shi; and Heng Zhao (2013).” Settlement Calculation of 

Composite Foundation Reinforced with Stone Columns” ASCE,248-256. 

 

Mokhtari Masoumeh, Kalantari Behzad (2012.,” Soft Soil Stabilization using Stone Columns—

A Review”  Electronic Journal of Geotechnical Engineering (EJGE), 1459-1466. 

 

Pulko B. & Majes B. (2006).”Analytical Method for the Analysis of Stone-Columns according to 

the Rowe Dilatancy Theory” ACTA GEOTECHNICA SLOVENICA, 37-45. 

 

Samanta M., Sawant V.A., Ramasamy G.(2010).” Ground Improvement Using Displacement 

Type Sand Piles” Indian Geotechnical Conference -2010, 629-632. 

 




