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Abstract-- Due to increase in population and socio-

economical growth, the constructions are carried out on soft 

grounds which were left past. Among the various ground 

improvement techniques, stone column is often used because 

ease in construction, economical and environmental friendly. 

But the Ordinary Stone Column (OSC) is not suitable for 

very soft soils. For such soils the newly developed technique 

called Reinforced Stone Column (RSC) is gaining popularity 

because the problems caused by the ordinary stone column 

can be minimized. This paper deals with results and 

discussion on the field prototype load tests carried out on 

RSC in the Surat city, Gujarat.  

 

Keywords-- Stone column, geotextile,  prototype tests. 

 
I. INTRODUCTION 

 

ue to scarcity of favorable land for the constrictions, 

nowadays civil engineering structures are carried out 

on soft soils which were not being used in past. Civil 

(Geotechnical) Engineers have to face many problems to 

carry out the construction on soft soils. These soils have 

low bearing capacity, increase amount of settlement, 

lateral flow, etc. To do the constructions on such soft 

soils, it is necessary to improve such soils.  

Vibro-compaction, pre-fabricated vertical drain, 

stone column, dynamic compaction, lime treatment, 

cement treatment, deep mixed column are some of the 

ground improvement techniques commonly used for 

shallow and deep seated soils (Greenwood 1970; Hughes 

et al. 1975). Stone column is the one of the ground 

improvement method most used nowadays.  

But in very soft soils, stone column face many 

problems like improper lateral confinement, excessive 

utilization of stone column material or sometimes 

formation of stone column is in doubt. This ultimately 

results in low bearing capacity of the stone column or 

excessive settlement. To minimize these problems, stone 

column can be reinforced with the adequate geosynthetic 

which confine the stone column peripherally (Murugesan 

and Rajagopal 2007).  

Many researchers have done studies on the 

applicability of RSC for soft soil improvement. The 

studies focused on laboratory model test, numerical 

analyses, field tests, and analytical solution. (Raithel and 

Kempfert 2000; Kempfert et al. 2002; Ayadat and Hanna 

2005; Di Prisco et al. 2006; Tan et al. 2006; Lee et al. 

2007; Alexiew et al. 2009; Araujo et al. 2009; Gniel and 

Bouazza 2010; Zhang et al. 2011; Tandel et al. 2012; 

Tandel et al. 2013).  

Though different aspects of RSC are studied by 

various researchers, there is lacking of systematic 

investigation on factor affecting the performance of RSC 

in the field.  

This paper presents the detail study on the behaviour 

of RSC in the field. The results and discussion of 

prototype field load tests first time performed in the Surat 

city is discussed. The results of the tests indicated that the 

stone column can be reinforced partially to improve the 

load carrying capacity adequately. 

II. SITE CHARACTERISTICS, MATERIAL AND 

METHODOLOGY 

 

Soils at the site consists of 0.5 m thick layer of highly 

plastic clay, followed by 3.5 m-thick layer of blackish 

non-plastic silt underlain by yellowish plastic silty clay 

with sand and gravel upto termination level of the bore 

hole. The ground water table was not observed upto the 

termination depth. Standard penetration test value at the 

site was varied between 3 and 38, having 3 to 5 in the first 

4 m of depth. 

For the construction of stone column clean river 

sand having frictional angle 36˚ was used.   

Two woven geotextiles having 10% secant stiffness 

of 121.90 and 450 kN/m were used for the reinforcement 

of the stone column.  

In the current research programme 15 field load tests 

have been carried out, which consists of one test on 

untreated ground, two tests on OSC (0.30 and 0.45 m 

diameter), twelve tests on RSC (0.30 and 0.45 m 

diameter) with different stiffness of geotextile. 

 

III. RESULTS AND DISCUSSION 

 

Influence of geotextile reinforcement 

The influence of geotextile reinforcement is studied by 

comparing the stress-settlement curves of OSC with RSC 

for 0.30 m diameter in Figure 1. Form the Figure 1, it can 

be seen that with the use of geotextile reinforcement load 

carrying capacity of the OSC increased remarkably. It is 

clearly seen that soil without treatment and soil treated 

with OSC fail while RSC do not fail at large settlement. 

The increase in the load carrying capacity of the RSC is 

due to increase amount of additional lateral confinement 

provided by the reinforcement material. The amount of 

increase in load carrying capacity at the initial stage is 

low but after this the load carrying capacity is increased 

rapidly. This phenomenon may be due to initial 

adjustment of stone particles of column.      

D 
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Figure 1: Comparison of Stress-settlement response of OSC and  

 
RSC 

Influence of stiffness of geotextile reinforcement (J) 

The influence of stiffness of geotextile reinforcement on 

load carrying capacity is judged by performing the field 

load tests with two different stiffness of geotextile 

reinforcement (J = 121.90 and 450 kN/m). Figure 2 shows 

the stress-settlement curves for 0.45 m diameter RSC for 

different stiffness of geotextile reinforcement. It can be 

seen from this figure that as the stiffness of the 

reinforcement increases the load carrying capacity of the 

stone column increases. The maximum is being achieved 

with reinforcement stiffness of 450 kN/m. The increase in 

load carrying capacity is thought due to more amount of 

confining stress provided by the geotextile.            

 

Influence of diameter of stone column  

For the OSC, it is believed that as the diameter of the 

stone column increases the load carrying capacity of the 

column increases. To verify this concept for RSC, the 

load tests were done on two different diameters (0.30 and 

0.45 m). As being seen in Figure 3 that load carrying 

capacity of the OSC almost remains same, but for RSC, 

the load carrying capacity increases with decrease in 

diameter of the stone column. This may be due to increase 

amount of hoop force provided by the small diameter 

RSC.   

 

 
 

Figure 2: Influence of stiffness of reinforcement on stress-settlement 

response 

 

 
 

Figure 3: Influence of diameter of stone column on stress-settlement 

response of OSC & RSC 
  

Influence of reinforcement length of geotextile 

The stone column develops its axial vertical load carrying 

capacity by the confining pressure provided by the 

surrounding soil. The depth about three to four time’s 

diameter of the stone column is most effective in 

imparting effective stresses to the column. This depth is 

called bulging depth upto which stone column deforms. 

So, it may be enough to provide the reinforcement upto 

this depth. To check this phenomenon, in the current file 

load testing programme three different reinforcement 

lengths are taken into consideration. This length form the 

top of the stone column are: two & three time’s diameter 

of stone column and full reinforcement length. Figure 4 

shows the stress-settlement response of 0.30 m stone 

column with stiffness of reinforcement equal to 450 

kN/m. This figure clearly indicates the remarkable 

increase in load carrying capacity of the RSC having 

reinforcement length twice the diameter of the stone 

column. Though with further increase in the 

reinforcement length (four times diameter of column & 

full reinforcement) the load carrying capacity increase but 

the amount of increase is not significant as it increase 

from OSC to RSC having two times diameter of the 

column. It is further added that RSC with four times 

diameter of the column having load carrying capacity 

close to that of fully reinforced stone column. This 

indicates that it is appropriate to provide the 

reinforcement length upto four times the diameter of the 

column to substantially increase the load carrying of the 

column.  
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Figure 4: Influence of reinforcement length on the behaviour of RSC 

 

CONCLUSION 

 

Based on the full scale prototype load tests on the 

ordinary and reinforced stone column, following 

conclusion are drawn. 

 The load carrying capacity of the stone column can be 

increased by providing the suitable geotextile 

reinforcement. 

  The stiffness of the reinforcement has significant 

influence on the performance of the reinforced stone 

column. The load carrying capacity of the reinforced 

stone column increase with increase in the stiffness of 

the reinforcement material. 

 The reinforced stone column of small diameter has 

larger load carrying capacity compared to bigger 

diameter. 

 It is sufficient to provide reinforcement length upto 

four times the diameter of the stone column. 
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