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ABSTRACT:  Soil strata is highly varying in nature and it is a challenging task for Geotechnical engineers to come up with the 

most suitable foundation system that is safe during static and dynamic loadings.  In this paper, a case study on ground 

improvement using sand columns at Puri in Odisha is discussed. The strata at site comprised mostly fine sands of low SPT- N 

values with some intermittent clay seams at intermediate depths.  The water table was also encountered at very shallow depths at 

the location. The geotechnical profile of the boreholes was analyzed on the guidelines of Seeds and Idris and it was observed that 

the liquefaction potential of the soil layers is prominent and ground improvement is inevitable up to a depth of 10.5 m below 

existing ground level in view of stability of structures.  The selective methods like vibro compaction, dynamic compaction were 

considered to be the suitable methods for the ground improvement. However, as the liquefiable layer is 10 m to 11 m deep from 

ground level, provision of sand column is found to be the best alternative to reach those depths. In this method, the natural sand is 

densified with displacement method so that the relative density of the sand will be enhanced to avert the liquefaction risk. It was 

proposed to use Raft foundation with supporting ground improvement. Field tests such as sand column test, Pre and post DPTs, 

SPTs tests were carried out at site for assessing the extent of improvement and the results for the same are briefed in this paper.  
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INTRODUCTION 

This paper presents a case study of ground 

improvement work executed by M/s. L&T 

Construction in one of its project site at Puri in the state 

of Odisha. The site under discussion falls in seismic 

zone 3 as per IS 1893 and lies in close proximity to the 

sea. The site stratigraphy comprises mostly of fine sand 

layer with minor intermittent clay seams. Water table 

lies at 0.5m depth below Natural ground Level (NGL) 

and during monsoon season, the water table is almost 

at natural ground level. The SPT- N values of the soil 

layer are indicated in Fig. 1 which are showing very 

low values in the depths of 4.50m to 10.50m below 

ground level.  As indicated above, the liquefaction 

check of the site was verified based on standard design 

practice and suitable remedial measures are applied. 

The same is discussed here with in this paper 

SUB SOIL PROFILE 

The soil exploration of the present site was done in the 

form of seven boreholes terminated at 40m depth 

below NGL. As already stated earlier,the site 

comprised mostly of fine sand with some silt content 

and some clay seams were encountered at shallow 

depths. The generalized profile considered for design 

and analysis is shown in Table-1. The variation in SPT- 

N values and percentage of fines passing 75 micron 

with depth are presented in Figs. 1 and 2 respectively. 

Table – 1 Generalized Profile 

Sl. No. 
Depth Range below 

NGL (m) 
Soil Description 

1 0 – 4.5 Silty Sand (SP-SM) 

2 4.5 – 7.0 Clayey silt (ML-CL) 

3 7.0 – 22.5 Silty Sand (SP-SM) 

6 22.5 – 25.5 Silty Clay (CI) 

7 25.5 – 40.0 Silty Sand (SP-SM) 

As seen from Fig.1, it is evident that the field SPT-N 

values ranges from 2 to 5 especially in the depth range 

of 4.5 to 10.5 m. This indicates the loose nature of soil. 

In Fig. 2, the percentage of fines variation with depth is 

shown and the fines (%) is falling within 20% except in 

location where clayey silt strata is encountered. 

LIQUEFACTION ASSESSMENT 

Due to the presence of water table almost at ground 

level and loose fine silty sand layers till 10.5m depth, 
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the susceptibility of in situ soil for liquefaction was 

checked using Seed and Idriss method (Ref. 1).  

 

Fig. 1 SPT- N versus depth 

 

Fig. 2 Percentage of fines versus depth 

Puri site falls in seismic zone 3 as per IS 1893 -2002 

(Ref. 2). Hence an earthquake magnitude of 6 and peak 

ground acceleration of 0.16g was used in the analysis 

based on the earthquake histories and as recommended 

by IS 1893.  

The calculated cyclic stress ratio (CSR) and cyclic 

resistance ratios (CRR) values were in the range 0.24-

0.25 and 0.12-0.13 respectively.  The factor of safety 

values were in the range of 0.81 to 0.94.  

As the factor of safety values obtained as a result of 

Seed and Idriss analysis were less than 1, the need for 

densifying the loose sand deposits were felt by the 

designers. The number of options for improving the 

ground were discussed and finally, after checking the 

site constraints and material availability, it was decided 

to use sand columns.  

The diameter and spacing of sand column required to 

mitigate liquefaction potential was verified using 

Priebe’s method detailed in Ref. 3. Sand columns of 

900 mm diameter with 2 m center to center spacing 

were required to mitigate the liquefaction potential of 

present site and thereby factor of safety against 

liquefaction values enhanced to the range of 1.23 to 

1.42. 

GROUND IMPROVEMENT SCHEME 

The ground improvement scheme for the site discussed 

here comprised of 900mm diameter vibro sand 

columns. The columns were arranged in a square 

pattern at 2m center to center spacing. A sand blanket 

layer of 500mm compacted sand was provided over the 

installed sand columns which acted as a drainage layer. 

The blanket layer was compacted to 75 to 80% of 

relative density. A sketch of sand column arrangement 

is shown in Fig. 3.  

 
Fig.3 Square pattern arrangement of Sand columns 

The properties of column material considered for 

design and further analysis are given below. 

Sand column design parameters 

 Unit weight of column material – 18 kN/m3 

 Angle of internal friction - 340 

A sketch showing the typical arrangement of sand 

columns below the proposed raft foundation is shown 

in Fig. 4.   

The column installation was done using a dry vibro- 

displacement method, hence the formation and disposal 

of muck which was common in vibro – replacement 

method of sand column installation was eliminated. 

Throughout the installation process, the site remained 

fairly clean. 

The sand columns were terminated at depth 10 m to 

11m below the natural ground level depending on the 

penetration resistance achieved (60-70 amps. at 

termination level). Raft foundation was proposed for 

the main structures and isolated footings were proposed 

for ancillary/single storied structures. One to two 

additional rows of sand columns were provided outside 

the raft foot print area to provide confinement for the 

different structures of this site. A total of 5266 sand 

columns were proposed for the footprint area of 15044 

sq.m.  
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Fig.4 Sketch showing the typical arrangement of sand column 

below Raft 

FIELD TESTING AND IMPROVEMENTS 

Sand column load tests, dynamic penetration tests and 

SPTs were conducted at the site for checking the extent 

of improvement.  

Dynamic penetration tests (DPT) which employs a 

light weight penetrometer for finding out the resistance 

offered by in situ soils in terms of no. of blows for 

every 10 cm penetration. This DPT was carried out at 

site instead of SPT as the testing was simpler in the 

former case whereas the latter requires a borehole. Due 

to the ease in carrying out DPT, a total of 29 pre DPTs 

and 14 post DPTs where conducted at site. That is, the 

DPTs were carried out at site before and after the 

installation of sand columns covering the entire project 

site.  

A correlation between SPT (7no. of boreholes) and 

DPT (29 nos. pre DPT) values prior to treatment was 

established for the entire site. This correlation was used 

to arrive at the post SPT values from DPT values after 

treatment. A typical DPT test result details with respect 

to the treatment depth before and after improvement is 

shown in Fig. 5. 

From the post SPT values, the static cone penetration 

resistance values are obtained as per Ramaswamy et. 

al. (Ref. 4) and the relative density enhancement was 

arrived using Schmertmann’s method (Ref. 5). The 

static cone penetration resistance and relative density 

enhancement graphs are shown in Fig. 6 and 7 

respectively 

Theoretical capacity of sand column is estimated as per 

Ref. 6 and SBC recommended for foundation design 

was 15t/m2. Sand column load test was carried out to 

verify the SBC of treated ground. The load-settlement 

graph of the test is shown in Fig. 8. 

 

Fig.5 Pre and Post Dynamic Penetration test plot  

 

Fig.6 Cone penetration resistance values before and after 

treatment 

 

Fig.7 Relative Density plot before and after treatment 
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Fig.8 Load – Settlement curve of sand column load test 

From Fig. 8, it is evident that the recommended bearing 

capacity of 15t/m2 is safe. The settlement was less than 

8mm, within acceptable limits as per IS 15284 (part 1).  

In addition to the DPTs and sand column load test 

detailed above, 4 nos. of boreholes (2 in treated ground 

and 2 in untreated ground) were taken at site as part of 

verification of ground improvement. The SPT-N versus 

depth and the CRR improvement for this is presented 

in Fig. 9 and 10 for comparison purposes.  

 

Fig.9 SPT plot before and after treatment 

 

 
 

Fig.10 Variation in Cyclic Resistance Ratios (as per Ref.1) 

before and after treatment 

 

From the field testing and further after interpreting the 

test data, it is concluded that the desired improvement 

was achieved due to the ground improvement works.  

CONCLUSION 

In the study detailed in this paper, the designers 

recommend the use of ground improvement technique 

using sand columns as an effective method for 

mitigating the liquefaction potential of saturated fine 

sandy soils. For the same project site, the suitability of 

pile foundation was also checked but discarded as no 

lateral resistance would be offered by piles considering 

liquefaction prone layers at shallow depths and 

extending up to 10.50m.   
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