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Abstract: Ground improvement is an important requirement in today's construction industry as land reclamation is becoming 
increasingly popular. The stone column technique is a very efficient method of improving the strength parameters of soil like 
bearing capacity and reducing consolidation settlement. 
Soil reinforcement can be an ideal solution for the improvement of clay. Out of other conventional methods, stone columns 
are effectively being used for ground improvement, particularly for the construction of flexible structures such as road 
embankments, oil storage tanks, etc on soft soils. It offers a much more economical and sustainable alternative to piling and 
deep foundation solutions. This report investigates the qualitative and quantitative improvement of individual load capacity of 
stone columns by varying the diameter of stone columns through laboratory model tests conducted on stone columns installed 
in clay beds prepared in controlled conditions in a large-scale testing tank. The results from the load tests indicated the 
performance of a smaller diameter stone column is superior to that of a bigger diameter stone column and the stone grit used 
to Promote the vertical drainage function of the column by acting as a good filter. 
Keywords: Stone column, Ground improvement, Geosynthetics, Geotextile, etc. 

 
I.      INTRODUCTION 

About 20% area of India is covered by black cotton soil w h i c h  i s  predominantly found in Gujrat, Maharashtra, Madhya 
Pradesh, south U.P, Parts of Karnataka, Andhra Pradesh, and Tamil Nadu. In the recent past, a large number of ports and industries 
are being built. In addition, the availability of land for the development of commercial, housing, industrial and transportation, 
infrastructure, etc. are scarce, particularly in urban areas. This necessitated the use of land, which has weak strata, wherein the 
geotechnical engineers are challenged by the presence of different problematic soils with varied engineering characteristics. Many 
of these areas are covered with thick soft clay deposits, with very low shear strength and high compressibility. There are s e v e r a l  
methods available to improve ground conditions such as stone columns, jet grouting, compaction grouting, short pile, dynamic 
compaction, lime stabilization, etc. Before using any of these methods, it is required to know the ground improvement in detail. In 
simple words-ground improvement can be defined as “the process of enhancing the quality of the soil."The techniques for soil 
improvement have been changing during the last three decades. The reinforcement of ground by tension-resistant elements can be 
applied for improvement in weak strata. This reinforcement can be provided with stone columns. Stone columns, also known as 
granular piles have been used to a large extent for several applications. Stone columns essentially increase the bearing capacity of 
soft soils. Therefore, ground reinforcement by stone columns solves the problems of the soft soil by providing the advantage of 
reduced settlement and accelerated consolidation process. In the case of a group of sand columns,  Bulging was found the 
primary mode of failure. This drawback can be overcome by wrapping the individual sand columns with a suitable geosynthetic. 
The geosynthetic encasement helps in the easy formation of the sand column and improves the strength and stiffness of the columns. 
By reinforcing sand columns w i t h  Geosynthetic, the ultimate bearing capacity of that column can be increased to a considerable 
amount. Thus the geosynthetic encased sand column is the technique for reinforcement to improve the loading capacity of the 
ground. 

 
II.      LITERATURE REVIEW 

1) Uttam Kumar(2013), has conducted a study on the "Effect of geosynthetic Encasement on sand column in soft soil”. This paper 
investigates the improvement in the loading capacity of sand columns in a square pattern after all-around encasement by 
different types of geosynthetic. This paper represents the load response of different diameters of the encased sand columns in 
the group load test. The effect of the encasement length of the sand column is also investigated. The results can be useful 
to save the cost, effort, and time for the installation of stone columns 
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2) S. Murugesan & K.Rajagopal(2009), have conducted a study on “Experimental and Numerical investigations on the behavior 
of geosynthetic encased stone columns". This paper explains the laboratory model tests performed on the stone columns with 
and without geosynthetic encasement and subsequently the numerical simulation of the results using the Finite Element Method. 

3) Joel Gniel and Abdelmalek Bouazza (2009)have conducted a study on "Predicted site behavior of geogrid encased stone 
columns”. This paper discusses laboratory testing, numerical study, and possible practical applications for geogrid-encased 
columns. Results from small-scale testing and a detailed numerical study have indicated that stone columns fully encased with 
geogrid could extend the ground improvement technique to extremely soft soils. The numerical study was calibrated to a 
deposit of soft, compressible clay (Coode Island Silt) and indicated that settlement reductions of up to 90% could be achieved 
for fully encased columns when compared to untreated settlements. This performance is similar to other methods of ground. 
improvement including soil mixing. Furthermore, fully-encased or partially-encased columns could be used on stone-column 
projects to reduce the number of stone columns used, reduce the settlement, or tailor settlement to design requirements. 

4) Eiman Fathi & Reza Mohtasham(2016), have conducted a study on "Numerical Analysis of the Reinforced Stone Column by 
Geosynthetic on Stability of Embankment”. This paper represents the influence of a reinforced stone column by Geosynthetic 
in comparison to when an ordinary stone column is used, which has been investigated. The two-dimensional dynamic finite 
element program (PLAXIS8.2) is used to carry out all the numerical experiments. In this study, for achieving optimum design, 
by analyzing the Primary Components such as Geometric parameters, stiffness of materials, stiffness of reinforcements, and 
shear strength of the soft soil, some useful and technical comments have been presented. 

5) Wu and Hong (2008), conducted a series of laboratory tests on the granular columns with the horizontally laminated reinforcing 
sheets to verify the analytical procedure proposed to analyze the column expansion. Triaxial compression tests were carried out 
on cylindrical specimens of 14cm height and 7cm diameter. The granular column material was sand with the internal 
frictional angle of 36.81º.Four layers of geotextile layer were installed at an equal spacing which is the double distance from 
the end of the column as shown in Figure 16. The effect of the reinforcement stiffness, reinforcement strength, granular column 
radius, and spacing of the reinforcing sheets was investigated. From the investigation, it was found that the increase in the 
inclusions stiffness can lower the axial strain of the granular column. Smaller spacing of the reinforced granular column 
increases the stiffness of granular columns for the same radius/spacing ratio. 

6) Puneet Jain et.al (2020), discussed to make the nation relate to India, road frameworks structure the techniques for the nation. 
Strands can be steel fibers, glass strands, trademark strands, produced fibers, etc. The addition of fibers to a solid makes it a 
consistent and isotropic material. Roadways are used for generous traffic stacks all through the world remaining to its better and 
monetarily getting execution. Steel fiber strengthened black-tops are the new kind of pavements that are expanding a huge 
amount of importance in current events. These black tops use fibers in the covering of pavements. Steel strands are an instance 
of fiber used truly coming to fruition of such black-tops. Steel strands are known to be serious and impenetrable to atmospheric 
conditions. These properties make steel strands significant in the improvement of structures. This paper deals with an 
exploratory assessment of the properties of concrete by solidifying FRC materials in the strong mix. The nature of the black-top 
can be extended while advancing by including more steel strands. The modifications in properties of strong when steel strands 
are used in concrete in its common structure and in the wake of changing its properties by displaced by steel fibers and adjusted 
steel fibers by 1 to 4 % in M40 assessment of concrete. Test results on Compressive Strength, Split Tensile Strength, and 
Flexural Strength. 

 
A. Objectives 
1) Identification of suitable geotextile encasement material. 
2) Evaluation of functional advantages for geotextile-based encasement in stone column performance. 
3) Estimation of improvement in mechanical strength of stone column encased geotextile. 

 
B. Research Gap 
The use of Geotextile and Geosynthetic Encasement In Stone Column For Ground Improvement has not been explored. 

 
III.      RESEARCH METHODOLOGY 

A. Experimental Work 
The experimental work consisted of two parts. 
Part 1;- aimed to determine the physical and mechanical properties of the soft soil and stone column materials. 
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Part 2;- included experiments performed on model embankments resting on soft soil providing strength by stone column. 
Soft soil was brought from a depth of 5 m from a site near the podar international school pathardi phata Nashik. The soil was 
subjected to routine laboratory tests to determine its properties, including Atterberg limits (liquid and plastic limits) according to IS: 
2720 (part-V) 1985, specific gravity according to IS:2720 (Part 3,section-1)1980 and Standard proctor test according to IS 2720-
PART VII-1980. Table 1 shows the physical properties of soil. 
 
B. Material Properties 

Property Value 

1. Liquid limit (%) 50.5 

2. Plastic limit (%) 24 

3. plasticity index 26.5 

4. Specific gravity 2.6 

5. Maximum dry unit weight (KN/m3) 15 

6. Optimum moisture content(%) 19.56 

 
IV.      EXPERIMENTAL WORK 

A. Model Design and Manufacture  
To study the behavior of soft soil reinforced by stone columns underneath an embankment, an experimental setup with an 
approximate scale of 1/10 to 1/20 of the prototype was designed and manufactured to achieve this goal. The setup consisted of a 
plastic tank, loading frame, hydraulic jack for application of load, dial gauge for measurement of settlement, and proving ring for 
measuring the load. The plastic tank is used to host the bed of soil and its accessories the internal dimensions of the tank were 
1000mm diameter, and 800mm depth The tank was sufficiently rigid and exhibited no lateral deformation during the soil and test. 
Fig.1 shows the experimental tank. Fig2 shows the arrangement of the loading frame with hydraulic jack, proving ring, and dial 
gauge. The loading frame consisted of two steel rods welded together with a steel plate at the bottom and the top steel plate was 
movable for the arrangement of fixing the jack. 
                       

Fig.3.3                                                                                     Fig.3.4 
 
B. Preparation of Soil  
The soil was placed in a tank in such a way that the density of the soil was matched with the density of the soil on site. The soil was 
placed in a layer of 15 cm and each layer was leveled gently using a 50 x 150 mm wooden tamper. This process was continued 
throughout the 5 layers until a depth of 750 mm was reached in a tank. 
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C. Design And Installation Of Stone Column 
1) Stone Column Diameter: Installation of stone columns in soft cohesive soils is a self-compensating process that is softer the 

soil, the bigger the diameter of the stone column formed. Due to the lateral displacement of stones during vibrations/ramming, 
the completed diameter of the hole is always greater than the initial diameter of the probe or the casing. Considering a stone 
column diameter of 40mm, 60mm, and 80mm. 

2) The Pattern of the Stone column: Stone columns should be installed preferably in an equilateral triangular pattern which gives 
the densest packing although a square pattern may also be used. Fig7 shows a pattern of the stone column 

3) Spacing of stone column: The design of stone columns should be site-specific and no precise guidelines can be given on the 
maximum and the minimum column spacing. However, the column spacing may broadly range from 2 to 3 depending upon the 
site conditions, loading pattern, column factors, installation technique, settlement tolerances, etc. For large projects, it is 
desirable to carry out field trials to determine the most optimum spacing of stone columns taking into consideration the required 
bearing capacity of the soil and permissible settlement of the foundation. Consider a spacing of stone column = 2.5 times the 
diameter of stone column S =100mm, 150mm & 200mm for a stone column having diameter 40mm, 60mm & 80mm 
respectively.  

4) Equivalent Diameter: The tributary area of the soil surrounding each stone column forms a regular hexagon around the column. 
It may be closely approximated by an equivalent circular area having the same total area. 
The equivalent circle has an effective diameter (De) which is given by the following equation: De = 1.05 S for an equilateral 
triangular pattern, and = 1.13 S for a square pattern 
Where, 
S = spacing of the stone columns. 
The resulting equivalent cylinder of composite ground with a diameter enclosing the tributary soil and one stone column is 

known as the unit cell. 
De(40mm) = 1.05 x 100 = 105mm 
De(60mm) = 1.05 x 150 = 157.5mm ~ 160mm De(80mm) = 1.05 x 200 = 210mm 
Installation of the stone column The correct position of the stone columns was marked according to the proposed configuration 
patterns of stone columns given in IS15284(Part 1):2003. A hollow steel pipe with an external diameter of 10.5cm, 16cm, and 
21cm was pushed down the bed to the specific depth (ie. l/d ratio= 10). After that, the casing was removed. The stones were 
placed in layered and compacted by using the tamping rod. Fig9 shows the installation of the stone column. 

 
V.      CONCLUSION 

1) Based on the above result and discussion following points were drawn. 
2) The performance of smaller-diameter stone columns is superior to that of bigger-diameter sand columns. 
3) The stone column was the best alternative to pile foundation, as well as a foundation as the cost of grit, was minimum. 
4) Promoting the vertical drainage function of a column by acting as the good filter 
5) The mode of failure for an embankment model resting on untreated, very soft soil was close to local shear failure, whereas the 

mode gradually change towards the general shear failure when using stone columns. 
 

VI.      FUTURE SCOPES 
1) Encasing can be provided for additional lateral confinement of the stone column and prevent the clogging of the stone column. 
2) The economical construction waste material can be used as an alternative to stone aggregates and helps in the reduction of the 

overall cost of the project. 
 

REFERENCES 
[1] Uttam Kumar(2013), “Effect of Geosynthetic encasement on a sand column in soft soil”, ISSN 2319 – 6009 www.ijscer.com Vol. 2, No. 3, August 2013 
[2] S.Murugesan&K.Rajagopal(2009), “ Experimental and numerical investigations on the behavior of Geosynthetic encased stone column”, IGC 2009, 

Guntur, INDIA. 
 
[3] Joel Gniel and Abdelmalek Bouazza (2009), “Improvement of soft soils using geogrid encased stone columns”, Geotextile and Geomembranes, Vol. 27, pp 167–

175 
[4] Eiman Fathi & Reza Mohtasham(2016), “Numerical analysis of reinforced stone column by Geosynthetic on the stability of embankment", (CSEE16), 

Prague Czech Republic-March 30- 31,2016, Paper No. ICGRE112 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 11 Issue V May 2023- Available at www.ijraset.com 
    

 
3691 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 

 

[5] Wu and Hong (2008), The behavior of laminated reinforced granular column, Geotextile, Geomembranes,26,302-316 
[6] Malarvizhi and Ilamparuthi (2004), “Load versus settlement of claybed stabilized with stone and reinforced stone column”, 3rd Asian Reg. Conf. In Geosynt., 

pp. 322-329. 
[7] Sharma et al (2004), Compressive load response of granular piles reinforced with geogrids. Can Geotech. J.41: 187-192 
[8] Abdullah and Edil (2007), Behaviour Geogrid reinforced Transfer Platform for embankment on rammed aggregate piers Geosynthetic international, 2007,14, 

No.3:141-153 
[9] Ali, K., J. T. Shahu, and K. G. Sharma. "Model tests on geosynthetic-reinforced stone columns: a comparative study." Geosynthetics International 19, no. 4 

(2012): 292-305. 
[10] Tang, Liang, Shengyi Cong, Xianzhang Ling, Jinchi Lu, and Ahmed Elgamal. "Numerical study on ground improvement for liquefaction mitigation using stone 

columns encased with geosynthetics." Geotextiles and Geomembranes 43, no. 2 (p): 190-195. 
[11] Puneet Jain, Auwal Alhassan Musa, Lasmar Garba, 2020, Application of Nanomaterials in Transportation Engineering, INTERNATIONAL JOURNAL OF 

ENGINEERING RESEARCH & TECHNOLOGY (IJERT) Volume 09, Issue 02 (February 2020), 
[12] Assessment of Safety Management for Public Construction Sites in Nigeria. Crossref DOI link: https://doi.org/10.35940/ijitee.A7105.119119, Published 

Online: 2019-11-30 Update policy: https://doi.org/10.35940/beiesp.crossmarkpolicy, Authors Jain*, Er. Puneet ,Garba, Lasmar. 
[13] Puneet Jain2, Murala Giridhar Sai1, May –June 2020, Assessment of Fiber Reinforced Concrete (FRC) with Industrial Wastage Material for Rigid Pavements, 

TEST Management Journal, Article Info Volume 83 Page Number: 13446 -13451Publication Issue: May -June 20. 
[14] Jain, P. (2017). Partial Replacement of Fine Aggregate with Glass Using the DIC Technique with Waste Materials for Investigation of Crack Propagation. 

International Journal of Engineering Research and Application, 7(11), 5. https://doi.org/DOI: 10.9790/9622-0711056165  
[15] Jain, P. (2017). Determining Mix Proportion For The Marble Slurry Powder Recovered From Marble Slurry Replacing Fine Aggregate Of Concrete Used In a 

Residential Construction Project In Udaipur, India. IJERA, 7(10), 30–35. https://doi.org/DOI: 10.9790/9622-0710053035 



 


