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In urban areas scarcity of land to build infrastructure has driven the geotechnical engineers to improve poor subsoil conditions 

through different techniques.  Granular column treatment is one of the most promising ground improvement techniques widely 

practiced all over the world. This paper discusses briefly the status of research on this topic. Focus is on the recent advancement 

of encasing these columns with geosynthetic products to enhance their performance in load bearing capacity and reducing the 

foundation settlements.  This paper is divided into analytical, experimental, numerical and field studies on the aspect of encased 

granular columns which have been published in the past three decades. The primary objective of this study is to compile the 

above said aspects of encased granular columns into one single source of information to interested researchers in this field. Lot of 

studies have been conducted mainly on the laboratory aspects of encased granular columns. Very few attempts have been made 

by researchers to study the mechanism of granular columns at full-scale levels through field tests. Finally a brief summary with 

necessary discussions is provided on the efforts made so far in studying the behavior of encased granular columns. 

Key words: Ground Improvement, Granular column, encased granular column, Geosynthetics, Field Study  
      
1 Introduction : 

Enhancing the infrastructure facilities has become essential 

for improving the economic conditions in different parts of 

the country. Due to increasing pressure on the land 

availability the engineers are forced to develop these 

projects even in areas with poor sub soil conditions. 

Granular column treatment is one such technique widely 

practiced to overcome the problematic soils. The 

characteristic features of problematic soils include low 

shear strength, high settlement and their susceptibility to 

liquefaction. Soft clays and loose sands are the 

predominant problematic soils where no construction is 

possible without ground improvement. Granular columns 

are cylindrical columns made up of either stone aggregate 

or coarse grained sand installed in the soft clay soils to 

support flexible structures by reinforcing the ground and 

accelerating the consolidation. They improve the shear 

strength and reduce the settlement of the in situ soft soil 

and also in loose sandy deposits they reduce the potential 

of liquefaction (Mitchell and Huber 1985). The main focus 

of this paper is on the performance of encased granular 

columns. A brief limitation of granular columns installed in 

homogeneous clay sub grades and the need for an encased 

granular column are discussed below.    

 

1.1 Limitations of ordinary granular columns 

 
Soil conditions for which the granular columns are in general 

not suited include, sensitive clays and silts whose sensitivity 

is greater than 4 which normally tend to lose strength when 

vibrated. The granular column foundations are suited only for 

flexible structures like highway and railway embankments, 

Oil storage tanks etc., which can tolerate some total and 

differential settlements. Most of all, the bearing aspects of the 

granular column depend on the strength of the soil around 

them. The construction of granular columns becomes difficult 

when the undrained cohesion (Cuu) values drop down to 25 

kPa or even less. In that case, the aggregates penetrate 

laterally into the soft clay soil. The soft clay also may flow 

and contaminate the stone aggregate in the column thus 

reducing the drainage capacity of the column. This may lead 

to a reduced load bearing capacity also leading to failure of 

the same by bulging. All the above discussed problems 

encountered in granular columns have paved the way for 

enhancing their performance by encasing with geosynthetics. 

The granular columns without encasement are referred as 

Ordinary Granular Column (OGC) and with encasement as 

Encased Granular Column (EGC) respectively from here on. 

 

2 Encased Granular Columns 

 
As mentioned above, the encasement of granular columns 

enhances their performance in several ways including by 

offering confinement, easy pore water pressure dissipation, 

load transfer to deeper depths, less compression and lateral 

bulging, quick installation by allowing higher degree of 

compaction of aggregates, by preserving the strength 

properties of aggregates, improving the economy of 

construction.  

 

The encased granular columns have been an efficient 

alternative to traditional piles or compacted granular columns, 

Due to the confining effect, encasement of the compacted 

sand or gravel/granular columns in the EGC-system it can be 

applied even in extremely soft soils with  Su < 2 kPa, which 

is in fact more a suspension than a soil (Alexiew et al. 2005) 

 

The studies conducted so far on encased granular columns are 

presented below under different heads, analytical and 

numerical studies, experimental and field studies. 
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2.1 Analytical and Numerical studies 

 
The analytical procedures for encased granular column was 

first initiated by Van Impe (1989) in which estimation of 

required tensile strength of reinforcement was carried out. 

However, the method is not able to calculate the strains and 

settlements. Raithel and Kempfert (2000) presented two 

analytical design procedures, simplified and precise, based on 

vibro-displacement method of Priebe (1995). The procedures 

not only included a confining force in the ring direction but 

also complete stress-strain behavior of geosynthetic 

encasement. Due to the complexity involved in the load 

bearing aspects of encased granular columns, iterative 

procedures were suggested in the calculations. Wu and Hong 

(2008, 2014) have proposed an analytical procedure based on 

normalized relation between volumetric and axial soil strains 

for column expansion in line with the observations from 

triaxial compression tests. The authors have finally concluded 

that stiffer the inclusion, lower is the axial strain at which 

reinforcement slippage occurs. Pulko et al. (2010) developed 

a design chart for the practical use of the proposed analytical 

method which helps to select column spacing and encasement 

stiffness on a preliminary basis to achieve the desired 

settlement reduction. Analytical closed form solution for 

encased granular columns in the aspects of reducing both 

settlement and consolidation time was studied by Castro and 

Sagaseta et al. (2011, 2013). They concluded that settlement 

reduction provided by the encasement does not depend on the 

area replacement ratio. Further the encasement effect of the 

granular column comes into picture only after column yields. 

Zhang and Zao (2014) worked on the geotextile encased 

granular columns and provided analytical solutions based on 

unit cell concept. The solutions provided were compared with 

analytical solutions of Pulko et al. (2010) and Raithel and 

Kempfert (2000).  The bulging behavior was taken into 

consideration along with the shear stress existing between 

encased granular column and the surrounding soil in the 

vertical direction. Through parametric studies it was observed 

that with increase in stiffness of the encasement, the bulging 

and settlement gets reduced. 

Raithel and Kempfert (2000) investigated numerically the use 

of compacted sand columns in peaty soils and brought out 

models based on numerical and analytical forms. For single 

columns, axisymmetric model and for a deformation behavior 

of the whole system a cross model was preferred and used. 

Murugesan and Rajagopal (2006) have numerically 

investigated  the advantages of encased granular column over 

ordinary granular columns using the program GEOFEM  and 

concluded that the elastic modulus of the geosynthetic 

encasement plays an important role in enhancing the load 

carrying capacity and stiffness of the encased columns. Yoo 

and Kim (2009) worked on the numerical aspects of the 

encased granular column using different FE approaches viz.  

axi-symmetric, 3D column, Full 3D model for a rapid 

embankment construction. The axisymmetric model was 

found to predict approximately 20% higher results on vertical 

effective stress and lateral deformation when compared to 3D 

models. A numerical study of geosynthetic encased granular 

columns in soft clay was carried out by Lo et al. (2010). The 

analysis models the time dependent interaction of the encased 

granular column and surrounding soft clay by a fully coupled 

analysis. The results obtained were in line with the previous 

results published by the same authors. Khabbazian et al. 

(2010, 2011) numerically investigated on the aspects of single 

encased granular column which provides adequate lateral 

support thereby increasing its load bearing aspect through 3D 

analysis by ABAQUS Program. For partially encased 

columns, the authors suggest that optimum length of 

encasement was found to be a function of the stress that is 

applied to the column. The stress settlement response is 

improved for a shorter diameter encased column rather than 

the larger one. Keykhosropur et al. (2012) observed the 

behavior of group of encased granular column numerically on 

a 3D basis and found that there was no necessity to encase all 

the columns in a group rather for an optimum design encasing 

only the outer columns in a group is sufficient. Almeida et al. 

(2013, 2015) presented the behavior of granular column 

numerically and compared it with the analytical model 

developed. Unlike the analytical model the FE result 

indicated that the settlement in the soft soil is not the same as 

that of the encased column. As observed from the previous 

observations of the researchers, Yoo et al. (2010), have 

observed that the influence of geosynthetic modulus on the 

settlements is constant beyond a modulus value of 2000 

kN/m. 

  

2.2 Laboratory and Field Studies 

 
A good amount of laboratory based research work has been 

carried for understanding the behaviour of encased granular 

columns in the past decades.  

Malarvizhi and Ilamparuthi (2004) observed the load versus 

settlement relationship of ordinary and encased granular 

column through laboratory studies. The settlement decreased 

with increase in stiffness of the encasement. For lesser and 

higher loads the settlement reduction is observed better for 

ordinary and encased granular columns. Murugesan and 

Rajagopal (2006, 2007, 2010) conducted laboratory model 

tests on ordinary and encased granular columns   extensively 

for both single as well as  group and found that the encased 

granular column exhibited a stiffer response whereas the 

ordinary columns showed significant strain softening 

behavior. Gneil and Bouazza (2009, 2010) conducted 

laboratory experiments to verify the effect of partial 

encasement in both single and group of granular columns. A 

steady reduction in vertical strain was observed for increase 

in length of encasement for the above mentioned categories of 

granular columns. Ali et al.(2010, 2014) conducted laboratory 

experiments on granular columns with and without 

encasement on floating and full penetration basis. parametric 

studies revealed that smaller diameter columns gave better 

performance and there was no improvement in bearing 

capacity for a granular column length greater than 6 times 

diameter in the study conducted. The authors observed that 

full encasement increases the failure stress in the columns 

when compared to partial encasement. 

Dash and Bora (2013) investigated the effect of reinforcement 

length on bearing capacity through laboratory tests on 

floating and end bearing granular columns. The floating 

columns exhibited a 5 fold increase in capacity with 60% 

coverage length of column, whereas the improvement was 3 

fold for full coverage (length) of encasement. For end bearing 

columns full encasement showed a better response than 

partial encasement. 
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Indicated below are the few attempts that have been made so 

far in the field aspects of encased granular columns.  

 

Raithel and Kempfert (2000) worked on the practical aspects 

of the design of deep geotextile encased sand columns for the 

foundation of a dike on very soft soils. The authors presented 

the implementation of a new foundation system ‘Geotextile-

Encased Columns’ (GEC) for the foundation of a dike on 

very soft sludge for land reclamation in Hamburg, Germany. 

The necessary dike foundations were realized by about 60000 

encased sand columns with a diameter of 800 mm. Due to the 

foundation system the dike was constructed on the subsoil 

with very small shear strength and high deformability in a 

construction time of approximately 9 months. 
Raithel et al. (2005) assessed the effectiveness of encased 

columns in relation to the conventional column foundation. 

By combining geotextile encasement and horizontal 

reinforcement (load transfer mat) it is proved that foundations 

can be constructed even in sludge. The authors insist a full 

scale field study coupled with laboratory measurements to 

forecast settlement reduction. 

Yoo and Lee (2012) conducted field load tests at two 

different sites to test the performance of geogrid encased 

columns in soft ground. The effect of the geogrid 

encasement length and column strain was investigated. By 

measuring hoop strains at different depths, it was observed 

that the critical encasement length of geogrid is 2 to 3 times 

the diameter of the column. The authors conclude that the 

encasement effect in EGC differs according to the site 

conditions and to achieve optimum reinforcement in EGC the 

encasement length and geogrid modulus should be based on 

ground conditions and geogrid ring tension force.   

Alexiew et al. (2014) monitored a full-scale bridge abutment 

on soft soil supported by geosynthetic encased sand columns. 

The field performance was monitored with pressure cells, 

electrical piezometers, inclinometers and settlement plates. 
Sand columns have proven to be useful in providing drainage 

to reduce the potential for buildup of excess pore water 

pressures in the clay layer, in reducing the magnitude of 

settlements and in reducing the maximum horizontal earth 

pressure acting on the structures. 

Almeida et al. (2015) conducted field studies by constructing 

an embankment of height 5.35 m in soft soil by geotextile 

encased sand columns. Results showed that the differential 

settlement increased as the embankment height increased and 

when the excess pore pressure was being dissipated. Due to 

soil arching, the vertical stress supported by the encased 

column was two times greater than the stress transmitted to 

the soft soil.  

 

3 Discussion on the need for field Studies 

 

From the topics discussed above in various heads, we can find 

that extensive research work has been done on the topic of 

granular and geosynthetic encased granular columns. Looking 

at the key components that influence the performance of 

encased granular columns say soil shear strength, length, 

spacing, diameter of the column, pattern of arrangement, 

stiffness and length of the geosynthetic encasement and its 

deformation behavior various findings are observed from the 

review conducted so far. Many researchers have reported 

similar findings on the aspect of the column encasement. A 

very few have reported results contradicting the previous 

findings. These conflicts can finally be sorted out on the basis 

of controlled full scale field studies. Few cases are stated 

below. 

 

Case1:  Alexiew et al. (2005) observed that encasement 

stiffness of 4000 kN/m can reduce the settlements by two fold 

(or >1m) compared to lower moduli encasement. Similar 

investigations were conducted by   Murugesan and Rajagopal 

(2006) who on the other hand had investigated the 

geosynthetic stiffness up to 10000 kN/m and observed similar 

findings.  Castro and Sagaseta et al. (2011) have also found 

that the encasement stiffness dominates over the soil stiffness. 

On the contrary, numerical studies conducted by Yoo (2010), 

Almeida et al. (2013)   has revealed that the critical 

encasement modulus  for settlement performance is around 

1500-2000 kN/m beyond which no appreciable additional 

improvement is found.  

Case2: Ali et al. (2014) reported that the floating columns are 

in need of full encasement for better load transfer behavior. 

On the other hand, Dash and Bora (2013) have reported that 

full encasement has actually reduced the load carrying 

performance by 2 fold when compared to partial encasement 

(60%). 

Case3: Keykhosropur et al. (2012) based on their 3-

dimensional numerical investigations have suggested that in a 

group of granular columns, it is advantageous to encase only 

the peripheral columns. 

Case 4: Almeida et al. (2013) have reported that the 

analytical models predict that the settlement in both column 

and soil to be the same but it is not so as observed from FE 

studies.  

 

The cases indicated above point to the need for more field 

trials for developing better understanding of the strength and 

settlement behavior of these granular columns. Based on the 

discussions above it is therefore recommended to perform 

systematic field trials on encased granular columns to 

understand their load carrying capacity.  The ultimate aim of 

any such research should be towards formalizing the response 

and inclusion of the guidelines in Design Codes for their wide 

spread usage. 
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