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ABSTRACT: Use of stone columns for ground improvement in clayey soil is a common practice. Due to the high cost and 

scarcity of stone in some areas, jhama (over burnt brickbats) are being used as an alternative to stones. It is intended in the 

present study to compare the load carrying capacity of stone columns with that of jhama columns through laboratory tests 

and to conclude whether the jhama columns can be an alternative to stone columns. Model tests were carried out on 50 

mm diameter and 400 mm long columns embedded in soft clay in a tank of size 1m X 1m X 1m. The load –settlement 

plots were studied to observe the difference in behviour of a stone column and a jhama column in terms of bearing 

capacity and mode of failure. A numerical analysis using Plaxis – 2D was also carried out to observe the load settlement 

behaviour of all the models. A good agreement of experimental and analytical results was observed. 
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1 Introduction 

Due to the growing demand of infrastructure and 

scarcity of good land, the sites with poor ground 

conditions like marshy low lands and soft clayey 

deposits are being used for construction. These soils 

have low shear strength and high compressibility, and 

thus require some ground improvement technique to 

achieve the desired bearing capacity. Out of many 

methods, stone columns are successfully being used to 

enhance the performance of such soils in many areas. 

Stone columns are adopted as an economic alternative 

to develop poor soil sites (Schweiger and Pande, 1986; 

Poorooshasb and Meyerhof, 1997; Ambily and Gandhi, 

2007). But there is a scarcity of stone and its price is 

high in some parts of India like Tripura and Mizoram. 

In these areas jhama bricks are used as construction 

material instead of stone. Hence jhama can be used 

economically as column material instead of stone in 

such areas. The jhama are the broken pieces of over 

burnt bricks obtained abundantly in brick kilns. In this 

study, load tests were performed on stone columns and 

jhama columns in soft clayey soil. A numerical 

analysis was also carried out using Plaxis-2D. All the 

outcomes were compared to investigate the feasibility 

of jhama column as a replacement of stone column. 

2 Materials used  

The soil used in the tests was soft clay with low shear 

strength. Locally available stone and jhama were used 

for construction of granular columns. The properties of 

these materials are given in Table 1 and Table 2 

respectively. 

Table.1 Properties of clay 

Property Value 

Specific gravity 

Liquid limit (%) 

Plastic limit (%) 

Indian Standard classification 

Optimum moisture content (%) 

Maximum Dry density (kN/m
3
) 

Undrained cohesion at test condition, 

Cu (kPa) 

2.63 

53 

25 

CH 

18 

15.3
 

7.7 

 

Table.2 Properties of granular column materials 

Material Property Value 

Stone 

 

 

Jhama 

Size (mm) 

Angle of friction, ϕ0
 

Cohesion, C (kPa) 

Size (mm) 

Angle of friction, ϕ0
 

Cohesion, C (kPa) 

2-6 

45.60 

0 

2-6 

43.25 

0 

 

3 Test program 

Three number of load tests were performed in this 

study among which one was on plain clay bed and the 

other two were on stone and jhama column reinforced 

clay beds. All the tests were performed in the 

laboratory using a steel tank of dimension 1m x 1m x 

1m. 
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3.1 Clay bed preparation 

The clay bed was prepared in the tank to simulate field 

condition. At first, the inner face walls of the tank were 

covered with smooth polyethylene sheets (Yadu and 

Tripathi, 2013) so that the friction between the clay and 

tank wall is minimum. The clay was placed in layers of 

thickness 50 mm. To obtain a soft consistency, the 

water content of the clay was maintained at around 

50% for all the tests. The clay layers were laid up to a 

height of 900 mm from the bottom of the tank. After 

completion of the laying, the surface of the tank was 

sealed with a polyethylene sheet for 5 days to achieve 

uniform water content and self consolidation of the 

clayey soil mass.  

3.2 Construction of granular column  

For the granular column tests, 50 mm diameter and 

400mm long granular columns were constructed by the 

replacement method. An auger of diameter 50 mm was 

pushed into the clay bed up to a depth of 100mm at a 

time and then pulled out slowly. This process was 

repeated till a cylindrical hole of depth 400mm was 

formed.In this hole the granular material (stone or 

jhama) was filled in 5 layers of equal thickness.Each 

layer was compacted with a steel rammer of 3cm 

diameter by giving 10 to 15 blows. Seven numbers of 

columns were constructed in triangular pattern as 

shown in Figure 1 to observe the behavior of the 

central column as mentioned in IS: 15284 Part-1 

(2003). Spacing of the columns was kept 3 times the 

column diameter i.e. 150mm. 

 

Fig.1 Layout of granular columns in triangular pattern 

3.3 Load test setup  

The load tests were performed on a circular steel plate 

of diameter 100mm and thickness 10mm. The load was 

applied using a hydraulic jack and was measured by a 

load cell. Two LVDTs were placed diagonally opposite 

to each other and settlement was measured by taking 

average of the two LVDT readings. For granular 

column tests, the test plate was placed centrally over 

the middle column as shown in Figure 2. The length of 

column was kept more than the critical length (i.e. 4 

times the column diameter) to avoid shear failure 

(Barksdale and Bachus, 1983; IS: 15284 part 1, 2003). 

In the present study, the length to diameter ratio (L/D) 

is 8 and hence columns are long columns. In the single 

column tests on long columns generally failure occur 

due to bulging of the central column up to a depth of D 

to 2D from the top of the column (Murugesan and 

Rajagopal, 2007; Ghazavi and Afshar, 2013). 

 

Fig.2 Schematic diagram of the test set up 

4 Results of the test data 

The failed soil surfaces after completion of load tests 

are shown in Figure 3 and 4 for stone column and 

jhama column respectively. Cracks were observed at 

the soil surfaces due to shear failure. The central 

granular columns on which the load was applied are 

shown in Figure 5 after completion of the tests.  A 

slight bulging was observed up to a depth of 10cm 

from the top. The load-settlement curves of the three 

load tests are shown in Figure 6. It is observed that 

both stone columns and jhama columns improve the 

ultimate bearing capacity of the footing. However the 

improvement due to stone column is slightly more than 

that due to jhama column. 

The improvement in performance of the clay bed due 

to installation of granular columns can be measured by 

a non dimensional improvement factor. Dash and Bora 

(2013) has defined the improvement factor as the ratio 

of the bearing pressure on the granular column 

reinforced clay to the bearing pressure on the plain clay 

bed at constant normalized settlement. Normalized 

settlement is the settlement divided by diameter of test 

plate expressed in percentage. For the present study, 

the variation of improvement factors of stone column 

and jhama column reinforced soil at different 

normalized settlements are shown in Figure 7. It is 

observed that the improvement factor of stone column 

is fluctuating within a narrow range of 1.7 to 1.9; but 

the improvement factor of jhama column is gradually 

increasing from 1.5 to 2.0. 
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Fig. 3 Soil surface with stone column after the load test 

 

 

Fig. 4 Soil surface with jhama column after the load 

test 

    

     (a) Stone column        (b) Jhama column 

Fig.5 The central granular columns after the load tests 

 

 

Fig. 6 Load-settlement plots for all load tests 

5 Numerical analysis 

A two dimensional finite element model is sufficient to 

develop the settlement of the circular footing. This 

model assumes that the displacement and strain in the 

direction of footing length are zero; however the 

normal stresses are taken in to account. 

 

Fig.7 Variation of improvement factor with normalized 

settlement 

To perform the finite element analysis, Plaxis 2D 

software was used (Abdi and Zandieh, 2014).The 

model was divided into finite number of triangular 

elements. A 15-node, triangular element was used in 

the finite element mesh. They are accurate elements 

that have produced high stress results for the soil 

collapsing. The displacements are obtained by solving 

fourth order interpolation function and stresses are 

obtained at twelve points through numerical 

integration. A medium mesh was generated along the 

footing of the soil interfaces and the horizontal surface 

adjacent to slope because the deformation of this area 

is relatively critical. The deformation of the footing 

was obtained from the deformed mesh. 

The experimental and analytical load-settlement curves 

for plain clay, clay with stone column and clay with 

jhama column are shown in Figure 8, 9 and 10 

respectively. It is observed that experimental results 

match closely with the analytical results. 

 

Fig.8 Load-settlement curve of plain clay 

6 Summary and conclusion 

Stone columns improve the bearing capacity of soft 

clayey soils by introducing a good drainage path and  
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Fig.9 Load-settlement curve of clay with stone column 

 

 

Fig.10 Load-settlement curve of clay with jhama 

column 

bearing the load through friction. The hardness and 

porosity of compacted stones make it ideal as granular 

column material. Since jhama is cheaper, easily 

available and possess similar properties as stone, the 

utility of jhama as replacement of stone in granular 

columns is studied in this work. Following conclusions 

are drawn from this study: 

 The load carrying capacity of foundation on soft 

clayey soil increases due to the introduction of stone 

column and jhama column. 

 Initially stone column takes more load than jhama 

column up to a certain settlement. But later on, the 

settlement rate of stone column is very high and 

subsequently jhama column takes higher load than 

stone column. 

 The load-settlement curve of stone column shows a 

clear failure load, whereas that of jhama column 

does not show a clear failure load. Hence it can be 

assumed that the load-settlement curve of stone 

column resembles a general shear failure and that of 

jhama column resembles a local shear failure. 

 The ultimate load bearing capacity of soft soil is 

increased by 2.1 times by using stone column and 

1.8 times by using jhama column. 

 The improvement factor of stone column is almost 

constant ranging in between 1.7 and 1.9 at different 

normalized settlements. But the improvement factor 

of jhama column gradually increases from 1.5 to 2.0 

for a normalized settlement range of 2% to 20%. The 

reason may be that initially the angular corners of the 

jhama chips get broken and hence the column takes 

lesser load. With increasing stress, the jhama chips 

get rearranged in to a denser form and carry larger 

load than stone.  

 The load-settlement curves obtained from numerical 

analysis are very close to experimental curves. 

 As a bottom line it can be concluded that jhama is a 

fairly good substitute of stone for construction of 

granular columns in soft clay. 
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