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ABSTRACT 

This paper is concerned with the performance of granular pile as ground improved technique at a 

selected site of South-West region of Bangladesh. Ground improvement by granular piles is 

considered as one of the versatile and cost effective ground improvement method. Installation of 

granular piles transforms the soils into a stiffer composite mass with intervening native soil proving 

lower overall compressibility and higher shear strength. In the recent years this technique has also 

been adopted in Bangladesh in various projects to improve the marginal sites. The installation 

technique has the big influence on the performance of this ground improvement method. There is a 

record of successful application of rammed-displacement method in the installation of granular piles 

in the soft ground of Bangladesh. The sub-soil consists of fine-grained soil of very soft to soft 

consistency up to the great depth. The more one sand pile installation in this study, sylhet sand. 

Granular piles of 300 mm diameter and 8.25 m length were installed in single. Load tests were 

conducted on 0.30m diameter plate resting at a depth of 0.91m from the existing ground surface on 

both the natural and improved ground.  The plate load test was conducted on the natural ground at the 

foundation depth and on the top of sand piles after one month and one year of installation of granular 

piles. Standard penetration tests were also conducted to observe the change in soil stiffness due to the 

installation of sand pile. The test results reveal that the bearing capacity of the normal ground was 

increased by the installation of granular piles. Comparing to the natural ground, the bearing capacity 

of improved ground was increased by 200% to 250%. Field investigation reveals that the granular pile 

made-up of locally available granular materials and employed installation technique can be used 

successfully as a suitable ground improvement method to improve the bearing capacity of such soft 

ground. 

Keywords: Bearing capacity, Granular materials, Rammed displacement, Soft ground. 

1. INTRODUCTION 

Construction of granular piles is considered as one of the most versatile and cost effective ground 

improvement technique compared to the other methods such as preloading, dredging and replacement, 

dynamic compaction etc. Granular piles, a fairly recent ground improvement technique, have been 

used successfully in several projects throughout the world. Granular piles are generally cylindrical in 

shape and composed of compacted gravel, crushed stone or sand. Various techniques of installation 

have been conceived depending on technical ability, efficiency and local condition. In Europe and 

USA, the vibro-floatation technique is widely used while in Japan, the vibro-compozer method is 

used. In India, granular piles are constructed by simple bored piling equipment. In this study field 

investigation is carried out on the construction of granular piles by rammed-displacement and its 

various aspects. Granular piles with different types of granular materials were constructed in a typical 

soft ground of south western region of Bangladesh. Load tests were done over the constructed 

granular piles and the results show that the bearing capacity of the improved ground increased by 2.00 

to 2.50 times than that of the natural ground. 
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One of the oldest historical examples of the use of granular piles is found in the 1830’s where French 

Military Engineers used it to support heavy foundations of iron works at the artillery arsenal in 

Bayoune. The modern origin of the granular piles actually began 60 years ago in the 1930’s in 

Germany by their Russian Émigré. After the beginning of the modern phase of the use of granular 

piles, the theoretical background, analysis and design aspects, and installation techniques have been 

developed by various researchers and the practicing engineers. As a result in the recent years, this 

method of ground improvement has been proved to be a most popular versatile and cost effective 

technique. The vibro-compaction method is used to improve the density of cohesion less soil using a 

vibro-flot which sinks in the ground under its own weight and with the assistance of water and 

vibration (Baumann and Bauer 1974). The vibro-replacement method is used to improve cohesive 

soils with more than 18% passing no. 200 U.S standard sieve. The vibro-compozer method is 

popularized in Japan and is used for stabilizing soft clays in the presence of high ground water level 

(Aboshi et al 1979).  

A large number of laboratory and field tests have been conducted in order to quantity the applicability 

of this ground improvement technique to improve the behavior of soft ground. In Bangladesh sand 

piles have been used successfully in some ground improvement projects. Alamgir and Zaher (1999a 

and 1999b) reported that a large number of sand piles were installed in soft cohesive soils in south-

western region of Bangladesh where a six-vent regulator was constructed. Some research works were 

conducted in the department of civil engineering, Khulna University of Engineering & Technoloogy 

to see the response of soft ground improved by columnar inclusion as a part of post graduate research 

( Zaher 2000, Sobhan 2001, Hossain 2009).  

 

1. Construction of Granular Pile 
 

The sub-soil condition of Khulna University of Engineering and Technology (KUET) campus at 

Khulna, Bangladesh in which granular piles were installed and the installation methods are described 

in the following sections. Locally available granular materials and the manual labor intensive 

installation technique were employed. To obtain a vivid picture on the effectiveness, granular piles 

were considered.  
 

1.1 Sub Soil Condition      
 

From most of the past records, it is found that the sub-soil of KUET campus consists of soft soil 

layers containing organic. Sub-soil investigation was done and index properties of soil were 

determined at different layers. For determining the sub-soil properties Standard Penetration Test 

(SPT) was performed at selected site which is situated at the place of KUET guest house cum club 

building. The sub-soil stratification and the soil properties were investigated by means of Standard 

Penetration Test. The Standard Penetration Test (SPT) developed in 1927, is currently the most 

popular and economical means to obtain the sub-surface information. It is estimated that 85% to 90% 

of conventional foundation design in North and South America is made using the sub-soil condition 

determined by SPT (Bowles 1988). In sensitive silty clay and clayey silts, it is often difficult to 

determine the true soil properties by conventional field investigation methods. In such cases in-situ 

methods such as CPT sounding, dilatometer or pressure meter tests often give the most reliable 

results. However, SPT is employed here due to non availability of appropriate method for soft soil 

investigation such as CPT test, dilatometer test and field vane shear test etc. It can be noted here that 

the SPT test still the most popular field test in Bangladesh to determine the sub-soil profile.  
 

1.2 Installation of Granular Pile 
 

The granular piles were installed by rammed-displacement method in dry process. The dry method is 

frequently used to construct columnar inclusions through weak soils in developed areas because of the 

problems associated with the acquisition, retention and disposal of significant amount of water. The 

rammed-displacement type construction method employed in this project using simple technique was 

found suitable for this site consists of soft fine grained soil deposits having high water table. Sylhet 
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sand are usually used as granular materials to construct sand piles of an average diameter 300mm of 

8.5m length. Compaction is done by a dropping hammer of weight 1000kg. 
 

The granular piles were installed here by rammed-displacement method. The construction sequences 

are described in the following statements.  

 

Step-1.  A two end open casing pipe, 300mm in diameter and 7m long was placed vertically at the 

designed point on the natural ground surface for sand pile construction. 

Step-2.  The casing pipe was then inserted vertically into the ground about 300mm to 450mm depth at 

its own weight just by applying some pressure manually. At first a plug is made by the designated 

sand up to 750mm of casing pipe at bottom level. 

Step-3.  The rammed-hammer 250mm in diameter, 3.0m long and weight 1000kg was placed inside 

the casing pipe. The rammed-hammer displaced the soil from beneath the casing pipe and the casing 

pipe was driven by its own weight till reached the designated position (depth) into the ground. Here 

one casing pipe of 7m long was driven inside the ground. 

Step-4.  After reaching the designated depth, the sand plug is broken by providing excess energy then 

the rammed-hammer is withdrawn from the casing pipe. 

Step-5.  Casing pipe was then lifted up by about 1m from its original bottom position. The designated 

granular materials were poured into the hole about 1m layer thickness measured from the bottom. The 

poured granular materials was then densified by rammed-hammer till the required compactness 

achieved.  

Step-6.  Casing pipe was then withdrawn from inside the ground that left the bottom portion of the 

hole unsupported and the top portion supported by the casing pipe. It was observed that the bottom 

portion of the hole standing safely without any lateral support. 

Step-7.  Then hole was poured by the selected granular materials in layers and hence 10 to 15 drops 

compacted each layer was densified by rammed-hammer till the designated compactness was reached. 

In general, the thickness of each layer was about 1.0m and 0.65m to 0.75m before and after 

densification respectively and the free fall height of the rammed-hammer was 0.75m to 1.0m.  

Step-8.  After the top of granular piles were reached about 1.0m to 1.5m below the ground surface the 

casing pipe was withdrawn and left the remaining hole unsupported. 

Step-9.  Then step five (v) was continued until the granular piles were constructed up to the ground 

level. 

In this investigation, to depict the effectiveness of granular pile, granular piles of same properties in 

terms of diameter, length and stiffness were installed in group pattern. Same spacing was used for the 

group granular pile as 900mm center to center.  

 

3.  Load Test 
 

The measurement systems are very similar to that of follow in standard pile load and plate load tests. 

In natural ground, the load intensity was increased from 67.17 kN/m
2
 to 671.10 kN/m

2
 at an equal 

interval of 67.17 kN/m
2
. In each load, the settlement were measured till the rate of deformation less 

than 1.5 mm/hr. From this figure, it can be seen that maximum settlement observed as 18.00 mm at a 

load intensity of 671.10 kN/m
2
.  Similarly, load intensities on the footing resting one month after sand 

pile installation and one year after sand pile installation of treated ground. From this figure 4, it can be 
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seen, that maximum settlement observed as 8.20mm and 7.00mm at a load intensity of 671.10 kN/m
2
. 

The total time required for this observation was 650 minutes.  

                
Figure2. Load arrangement for footing load test                Figure 3. Load test arrangement 
 

4.  Result and Discussion 
 

The test results obtained in the field by plate load test were compared in this section. The 

improvement of load carrying capacity due to the installation of granular piles in different conditions 

were compared with that of natural ground. Comparison is also made among the different 

improvement conditions. 
 

4.1 One month after sand pile installation 
 

The plate load test on the sand pile was performed immediately i.e one month after sand pile 

installation. The improvement of natural ground due to the installation of single granular pile is shown 

in Figure 4 in a load intensity versus settlement diagram. This figure shows that the different 

settlements at same carrying load (671.70kN/m
2
), The load carrying capacity for the natural ground is 

671.70kN/m
2 

and settlement is 18.00mm, while it is 671.70kN/m
2
 for single sand pile and settlement 

is 8.20mm. The result shows that the installation of granular piles increased the bearing capacity of 

natural ground significantly irrespective of the materials. The plate load test after one month of 

installation sand pile, the load carrying capacity is 2.0 times higher for sand piles comparing the 

natural ground for the allowable settlement.  

4.2 One year after sand pile installation 

 

The plate load test on the sand pile was performed one year after sand pile installation. The 

improvement of natural ground due to the installation of single granular pile is shown in Figure 4 in a 

load intensity versus settlement diagram. This figure shows that the different settlement at same 

carrying load (671.70kN/m2). The load carrying capacity for the natural ground is 671.70kN/m
2 

and 

settlement is 18.00mm, while it is 671.70kN/m
2
 for single sand pile and settlement is 7.00mm. The 

result shows that the installation of granular piles increased the bearing capacity of natural ground 

significantly irrespective of the materials. The plate load test after one year of compaction sand pile, 

the load carrying capacity is 2.50 times higher for sand piles comparing the natural ground for the 

allowable settlement.  
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Figure 4. Load-settlement response of footing resting on both the natural and improved ground 

 

4.3 Summary of the plate load test result 
 

The plate load test reveals that the bearing capacity of the improved ground increased significantly 

due to the installation of granular piles. The arrangement of granular piles, installation pattern and the 

ratio of bearing capacity of treated (qt) and natural ground (qn) are shown in Table 1. In this table qt 

and qn represent the load intensity that the treated and natural ground can carry, respectively, during 

the plate load test for the different settlement at same carrying load. The measure results also show 

that the installation sand pile and load test immediately after sand pile installation increases the 

bearing capacity by 2.00 times than that of natural ground corresponding to 7mm settlement. The 

results also show that the installation of sand pile and load test one year after sand pile installation 

increases the bearing capacity by 2.50 times than that of natural ground corresponding to 7mm 

settlement. 

 

Table 1 Measured load carrying capacity of sand pile yields the largest increment of load 

carrying capacity. 

      

No. of  

Test 

Description of 

granular piles 

Load test after sand 

pile installation 

Location of 

plate 

qt/qn  
(Corresponding to 7.00 mm settlement) 

1 Sand piles After one month Top of pile 2.00 

2 Sand piles After one year Top of pile 2.50 
 

5. Comparison of Result Obtained from SPT 
 

Standard Penetration Tests were performed on the improved ground for different conditions. These 

are (i) The boring immediately after sand pile installation and (ii) The boring one year after sand pile 

installation. The Standard Penetration Test results are given in the following sections for different 

improved conditions. 
 

5.1 One month after sand pile installation 
 

Standard Penetration Test was performed in two bore holes on improved ground to depict the 

improvement of soft ground along the depth due to the installation of granular piles. The penetration 

resistance i.e. N-values obtained in two boreholes are compared with those of natural ground before 

granular piles installation. The comparison is shown in Figure 5 This Figure shows that N-values 

ranges 3 to 9. for the natural ground, while the values increases to 4 to 15 and 5 to 24 for the bore 

holes one and two respectively, in case of improved ground. The N-values of improved ground of 

depth 12 m to 15 m decreased slightly from the N-values of natural soil which is an unusual 

phenomenon of this study. During the installation of sand pile, the soil surrounding the pile is 

disturbed due to continuous hammering and then compressible soil is lost their capacity. The 

inadequate pouring of sand, lack of compaction as well as dispersion of sand in the surrounding soil 
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during hammering may be the causes of producing lower N-values on the sand pile of improved 

ground when compared to the untreated one.  
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Figure 5. Comparison of SPT result treated and natural ground (One month after sand pile 

installation) 
 

5.2 One year after sand pile installation 

 

Standard Penetration Test was performed in two bore holes on improved ground to depict the 

improvement of soft ground along the depth due to the installation of granular piles. The penetration 

resistance i.e. N-values obtained in two boreholes are compared with those of natural ground before 

granular piles installation. The comparison is shown in Figure 6. This figure shows that N-values 

ranges 3 to 9. for the natural ground, while the values increases to 4 to 12 and 5 to 19 for the bore 

holes three and four respectively, in case of improved ground. The N-values of improved ground of 

depth 12 m to 15 m decreased slightly from the N-values of natural soil which is an unusual 

phenomenon of this study. During the installation of sand pile, the soil surrounding the pile is 

disturbed due to continuous hammering and then compressible soil is lost their capacity. The 

inadequate pouring of sand, lack of compaction as well as dispersion of sand in the surrounding soil 

during hammering may be the causes of producing lower N-values on the sand pile of improved 

ground when compared to the untreated one.  
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Figure 6. Comparison of SPT result treated and natural ground (One year after sand pile installation). 

 

 

6. Conclusions 

 

Based on this study the following conclusions can be made: 
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1. The soft ground improvement using granular piles technique is revealed as fast, economical and 

an   efficient method to improve weak soil. 

2. Comparing to the natural ground, the bearing capacity of improved ground was increased by 200% 

to     

250%.  

3. The field investigation on the improved ground by plate-load test revealed that the granular piles 

improved substantially the bearing capacity of the natural soil. 

4. The field experience during the installation of granular pile depicts that such installation 

technique required very close monitoring and precaution in case of group pile arrangement.  

5. Proper FM of sand and pouring of granular materials are required to ensure the stiffness of 

granular pile. The layer thickness of granular material, dropping height, number and placement of 

hammer are to be maintained properly through close field monitoring to achieve the designed 

stiffness of the granular pile. 

6. The better increments of bearing capacity by granular pile are observed than that of natural soil. 

7. The practicing engineer can get help from this study and experience to improve the soft ground by 

the installation of granular piles 
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