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Introduction  

The availability of land for the development 

of commercial, housing, industrial and 

transportation, infrastructure etc. are scarce 

particularly in urban areas. Many of these 

areas are covered with thick soft marine 

clay deposit, with very low shear strength 

and high compressibility. Many methods 

for ground modification and improvement 

are available around the world now, 

including dewatering, compaction, 

preloading with and without vertical drains, 

grouting, deep mixing, deep densification 

and soil reinforcement are among those. 

These methods have become practical and 

economical alternatives for many ground 

improvement applications. Ground 

improvement techniques basically utilize 

the effects of increasing adhesion between 

soil particles, densification and 

reinforcement to attain one or more of the 

factors such as increased strength to 

improve stability, Reduced deformation 

due to distortion or compressibility of the 

soil mass, Reduced susceptibility to 

liquefaction, and Reduced natural 

variability of soils. 

Stone column construction involves the 

partial replacement of unsuitable 

subsurface soils with a compacted vertical 

column of stones that usually completely 

penetrates the weak strata. The presence of 

the stiffer column creates a composite 

material of lower overall compressibility 

and higher shear strength than the native 

soil alone. Stone column system in soft, 

compressible soils are somewhat like pile 

foundations, except that pile caps, structural 

connections, and deep penetration into 

underlying firm strata are not required, and 

the stone columns are, of course, more 

compressible (Mitchell 1981). When 

loaded, the stone columns deforms by 

bulging into the subsoil strata and 

Natural soil is both a complex and variable material. Due to this nature, when the  soil is subjected to 

loading problems like, high compressibility, differential settlements, low bearing capacity are inferred. When the 

site preferred for the construction purpose, does not meet the required engineering properties, the soil has to be 

improved. Depending upon the site requirements and to meet the required engineering properties, there are many 

ground improvement techniques that can be adopted in the field. 

The scope of this paper is to study different ground improvement techniques that can be adopted for an 

Academic building located at Rudravaram, Machilipatnam. The properties of the site soil are studied and found 

that, the soil profile consists of thin layer of silty sand followed by soft marine clay upto about 30m depth. This soft 

clay layer is highly compressible and of very low shear strength, having a bearing capacity of 3t/m². In order to 

increase the bearing capacity and reduce the settlement, ground improvement techniques such as Stone columns, 

Sand columns, Lime columns and Geo-synthetics were suggested. In this paper, after using these improving 

techniques, it is observed that by using Stone columns, the bearing capacity of soil is improved to the extent of 

10t/m². And by the use of Geo-synthetics, it is observed that the bearing capacity of soil is improved to 14.0t/m² and 

Modulus of Sub grade Reaction, K is 6.0 kgf/cm²/cm. Hence, it is concluded that, even for the buildings, ground 

improvement techniques such as Stone columns, Geo-synthetics are suitable. 

mailto:priyakoraganji@gmail.com


 

ELK Asia Pacific Journals – Special Issue 

ISBN: 978-81-930411-5-4 

 

distributes the stresses at the upper portion 

of the soil profile rather than transferring 

the stresses into deeper layer, unlike in case 

of pile foundation, thus causing the soil to 

support it. 

The use of geo-synthetic reinforcement 

effectively reduces the settlement and 

increases the bearing capacity of the soft 

soil. Granular fills containing multi layers 

of geo-synthetic reinforcement are placed 

on the soft soil in many practical situations 

in the field. This granular-fill soft soil 

system can be used for construction of 

roadways, railways, storage tanks, 

industrial structures etc. 

In this paper, different ground improvement 

techniques such as Stone column, Sand 

column and use of Geotextiles are studied 

for a proposed academic building located at 

Rudravaram, Machilipatnam. 

 

Literature Survey  

Hughes and withers (1974) carried out 

series of model tests in normally 

consolidated clay. The test results indicated 

that ultimate capacity of stone column was 

governed primarily by the maximum radial 

reaction of the soil against the bulging and 

the extend of vertical movement in the tone 

column was limited to about 4 times the 

diameter. Shankar and Shroff (1977) 

conducted experimental studies to study the 

effect of pattern of installation of stone 

columns and showed that triangular pattern 

seems to be optimum and rational. Mitra 

and Chatopadhyay (1999) studied the effect 

of different factors influencing the capacity 

of stone column improved ground from the 

available literature and showed that in the 

case of columns failing by bulging the 

critical length is about 3-5 times stone 

column diameter. Mitchell and Huber 

(1985) compared the field performance of 

stone columns with the predictions by finite 

element analysis and reported that the 

agreement was generally good. Saha (2000) 

studied the load response behaviour of 

stone columns in soft soil environment by 

using a finite element software package 

(ANSYS). The parameters studied are the 

variation of lateral deformation, lateral 

pressure and vertical stress with depth for 

various intensity of loading. The results of 

computer aided numerical solutions are 

presented in the form of non-dimensional 

quantities. Madhav (2000) presented an 

overview of recent contributions for the 

analysis and design of stone columns. A.P 

Ambily and S. R. Gandhi (2004) presented 

an experimental and theoretical evaluation 

of stone column in soft clay. Even in a 

seismic area, its performance was evaluated 

(Engelhardt 1975). All the works confirmed 

that very substantial increases of bearing 

capacity and reductions of settlement can 

be obtained from stone columns well 

compacted into clays. According to Mc 

Gownet at (1977 and 1978), gray (1982) 

and Gone (1989), internal or external 

reinforcement of sand, using Geo-textiles, 

improves its mechanical properties. Either 

of the methods can strengthen and stiffen a 

column of sand significantly. From this 

came the idea of using Geo-textiles. 

 

Experimental Procedure:  

Soil characteristics 

The proposed academic building site is 

located in Rudravaram village, 

Machilipatnam, Krishna district, Andhra 

Pradesh. The soil profile consists of thin 

layer of silty sand followed by soft marine 

clay up to about 18m depth. The soft clay 

layer is highly compressible and very low 

shear strength. A safe bearing capacity of 

3t/m2 is proposed for the soil. In order to 

increase the bearing capacity and reduce the 

consolidation settlement, ground 

improvement techniques were suggested. 

For this purpose use of Stone columns are 

suggested. The increase in bearing capacity 

of the soil using stone column is studied by 

varying the depth of the column and 
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arrangement (triangular and square pattern) 

of stone columns. 

The bore hole was drilled by hand auger 

followed by wash boring. It is proposed to 

construct 250mm diameter stone column 

with 1.50m centre to centre spacing. A total 

of 11 columns are constructed in the site. 

The construction of stone columns involves 

creation of a hole in the ground which is 

later filled with granular material (stone: 

sand = 2:1). The compaction was done in 

stages using a rammer of suitable weight 

and fall within the hole so as to obtain a 

ramming energy of around 27KN.m per 

blow. 

After the installation of stone columns, few 

columns are tested which are arranged in 

triangular pattern and square pattern. And 

further it is studied that the bearing capacity 

can be improved by the use of Geo-

synthetics. 

Plate load test is conducted at the test 

section of developed and improved ground 

using geo-synthetics (Fig 1) and GSB as per 

recommendation. The plate load test was 

done as per IS: 1888-1982. And the 

modulus of sub-grade reaction is known by 

conducting load test on the test section of 

developed and improved ground using Geo-

synthetics and GSB as per IS: 9214 – 1971. 

Figures 

 

Figure 1: Cross-section of stiffened 

raft 

 

Figure 2: LOAD-SETTLEMENT 

CURVE  (COMPRESSION TEST) 

 

 

Figure 3: LOAD-SETTLEMENT 

CURVE  (COMPRESSION TEST) 
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Figure 4: LOAD-SETTLEMENT 

CURVE  (COMPRESSION TEST) 

 

Figure 5: LOAD-SETTLEMENT 

CURVE  (COMPRESSION TEST) 

 

Figure 6: Load- Settlement 

compression test  

 

 

Figure 7: LOAD-SETTLEMENT 

CURVE  (COMPRESSION TEST) 

0

2

4

6

8

10

12

14

16

18

20

22

24

26

28

30

0 1 2 3 4 5 6 7 8 9

T
O

T
A

L
 D

O
W

N
W

A
R

D
 D

IS
P

L
A

C
E

M
E

N
T

 (
M

M
)

VERTICAL LOAD ON PILE (TONNES)

SAFE VERTICAL LOAD =  5.07 TONNES

Safe Bearing Capacity  =  14.09 t/m2

LOADING

250 mm  Dia meter -

Sand Column - 9.0 m 

long
Square pattern ;1.50 

m c/c

Vertical Compression

Size of the plate

600 mm x 600 

mm
SAND COLUMN

0
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50

0 1 2 3 4 5 6 7 8 9 10

T
O

T
A

L
 D

O
W

N
W

A
R

D
 D

IS
P

L
A

C
E

M
E

N
T

 (
M

M
)

VERTICAL LOAD ON PILE (TONNES)

SAFE VERTICAL LOAD = 4.00 TONNES 

Safe Bearing Capacity  =  11.11 t/m2

LOADING

250 mm  Diameter -

Stone Column - 5.0 m 

long
Square pattern ;1.50 

m c/c

Size of the plate

600 mm x 600 mm

STONE COLUMNS -
Single

0
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40
42
44
46
48
50
52
54
56
58
60
62
64
66
68
70
72
74
76
78
80

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60

T
O

T
A

L
 D

O
W

N
W

A
R

D
 D

IS
P

L
A

C
E

M
E

N
T

 (
M

M
)

VERTICAL LOAD ON PILE (TONNES)

SAFE VERTICAL LOAD =  

30.00 TONNES 

Safe Bearing Capacity  =  8.33 

t/m2

LOADING

250 mm  Diameter - Stone 

Column - 5.0 m long

Square pattern ;1.50 m c/c
Vertical Compression

Size of the plate

1800 mm x 2000 mm

STONE COLUMNS -
GROUP group



 

ELK Asia Pacific Journals – Special Issue 

ISBN: 978-81-930411-5-4 

 

 

Figure 8: LOAD- SETTLEMENT 

CURVE (PLATE LOAD TEST) 

 

 

Figure 9: LOAD- SETTLEMENT 

CURVE (PLATE LOAD TEST) 

 

Results and Discussions: 

Vertical test load on stone column 

The test column is 250mm diameter stone 

column of 9.0m. Eleven stone columns in 

triangular pattern with centre to centre 

spacing of 1500mm were constructed at 

project site, Rudravaram, Machilipatnam. 

A square rigid MS plate with 25mm of 0.6m 

is placed on the effective tributary soil area 

of stone column for this study – a single 

column test. 

From the results (Fig 2) it is observed that, 

a safe vertical compression load of 6 tonnes 

is recommended for the 250mm diameter 

stone column with a spacing of 1500mm of 

9.0m long. The corresponding safe bearing 

capacity of soil with stone column 

construction will be 16.68t/m2. 

In order to study the size the effect of plate 

on safe bearing capacity, a larger size of 

plate 800mm × 800mm is placed on the 

stone column having a effective area of 

0.64m2. The load test was done on 800mm 

× 800mm also. From the test, it is observed 

that (Fig 3) a safe vertical compression load 

of 8.15 tonnes is recommended for the 

250mm diameter stone column with a 

spacing of 1500mm of 9.0m long. The 

corresponding safe bearing capacity of soil 

with stone column construction will be 

12.73t/m2. 

Vertical load test on sand column 
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square pattern with centre to centre spacing 

of 1500mm were constructed at project site 

of Rudravaram, Machilipatnam. a square 

rigid MS plate with 25mm thickness is 

placed on the effective tributary soil area of 

stone column for this study – single column 

test.  
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5.42 tonnes is recommended for the 250mm 

diameter sand column with a spacing of 

1500mm of 9.0m long. The corresponding 

safe bearing capacity of soil with stone 

column construction will be 15.05t/m2. 

Based on the performance of stone columns 

and sand column it is proved that the soft 

clay ground having very poor bearing 

capacity and highly compressible in nature 

of large depth can be improved its bearing 

capacity by using stone columns / sand 

columns up to short length for building 

foundations also. 

Stone columns are preferable than sand 

columns. Normally sand columns will act 

as drains. 

A stone column of 250mm diameter and 

9.0m deep having a spacing of 1.50m 

yielded a safe load of 5-6 tonnes as against 

theoretical value 6.30 tonnes. A safe 

bearing capacity of 11t/m2 is proposed for 

stone column / sand column treated ground 

at Rudravaram, Machilipatnam. 

For each footing / raft, 250mm diameter 

stone columns with 750mm centre to centre 

are proposed. The stone columns should be 

constructed with coarse aggregate and sand 

(2:1 ratio) and compacted and rammed 

suitably so that the bulging of hole should 

be formed. Over these stone columns, sand 

blanket of 500mm thick followed by plain 

cement concrete 150mm thick is to be laid. 

Stone columns of square pattern. 

Vertical load test on single stone column 

arranged in square pattern 

The test column is 250mm diameter stone 

column of 5.0m effective depth from 1.20m 

below the existing ground level. The stone 

column is a part of stone columns in square 

pattern with centre to centre spacing of 

1500mm constructed. A square rigid MS 

plate of 800mm × 800mm with 25mm 

thickness is placed on the effective tributary 

soil area of stone column for this single 

column test at a depth 1.20m below the 

existing ground level (Fig 5). 

From the test result, it is observed that a 

vertical compression load of 5.10 tonnes is 

recommended for the 250mm diameter 

stone column with a spacing of 1500mm of 

5.0m long. The corresponding safe bearing 

of soil with the stone column construction 

will be 8.0t/m2. 

In order to study the size effect of plate on 

safe bearing capacity, a small size of plate 

600mm×600mm is placed on the stone 

column having a effective area of 0.36m2. 

the load test was done on 600mm×600mm 

plate (Fig 6). 

Hence based on the load test on 250mm 

single stone column up to a depth of 5.0m 

in square pattern with 1.50m centre to 

centre spacing, a safe bearing capacity of 

soil with stone column construction will be 

11.0t/m2. 

Vertical load test on stone group 

In order to simulate the field conditions of 

compaction of the intervening soil, 4 

columns in square pattern is considered for 

the load test. A square rigid MS plate of 

1.80 × 2.00m with 20mm thickness is 

placed on effective tributary soil area of 

stone column for this study – group column 

test (Fig 7). 

Based on a safe vertical compression load 

of 30.0 tonnes is recommended for the 

250mm diameter stone column group in 

square pattern with a spacing of 1500mm of 

5.0m long. The corresponding safe bearing 

capacity of soil with the stone column 

construction will be 8.80t/m2. 

Based on the performance of stone columns 

it is proved that the soft clay ground having 

very poor bearing capacity and highly 

compressible in nature of large depth can be 

improved its bearing capacity by using 
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stone column / sand columns up to short 

length for building foundations also. A safe 

bearing capacity of 8.5t/m2 is proposed for 

stone column treated ground at 

Rudravaram, Machilipatnam. 

Plate load test on ground treated with 

geo-synthetics 

The load test is conducted at the test section 

of developed and improved ground using 

geo-synthetics and GSB as per the 

recommendation. The test is conducted on 

the developed and improved ground. The 

plate load test was done as per IS: 1888 – 

1982. The size of the plate will be 300mm 

× 300mm × 25mm thick.  

Hence from the load – settlement 

relationship of the plate load test, a safe 

bearing capacity of 14.0 t/m2 is 

recommended for the improved ground. 

Modulus of sub grade reaction load test (Fig 

8). 

The load test is conducted at the test section 

of developed and improved ground using 

geo-synthetics and GSB as per the 

recommendation. The load test was done as 

per IS: 9214 – 1971 specifications. The size 

of the plate will be 750mm diameter 

circular plate and 30mm thick (Fig 9). 

Hence, a Modulus Sub grade Reaction, K – 

value of 6.0kgf/cm2/cm is recommended 

for the improved ground at Rudravaram, 

Machilipatnam 

Conclusion  

1. The proposed academic building 

site located at Rudravaram, 

Machilipatnam will be effectively 

improved by Stone columns up to 

short length for building 

foundations in the form of isolated 

footing and Raft. 

2. Stone columns are preferable than 

sand columns. Normally sand 

columns will act as drains. 

3. A stone column of 250mm diameter 

and 5.0m deep having a spacing of 

1.50m below the building area is 

proposed. 

4. A maximum of 1.0 m depth of 

foundation is proposed for the 

Isolated footing / raft. 

5. A safe bearing capacity of 8t/m2 is 

proposed for the stone column 

treated ground at Rudravaram 

village, Machilipatnam. 

6. A safe bearing capacity of 14.0t/m2 

is proposed for the improved ground 

using Geo-synthetics and a 

Modulus Sub Grade Reaction, K- 

value of 6.0 kgf/cm2/cm is 

recommended.  
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