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ABSTRACT 
The paper discusses the results of study conducted on floating granular piles constructed in soft black cotton 

soil. The soil beds were prepared in a model tank of diameter173 mm and height605 mm. The granular pile of 

diameter55mm was constructed at the centre of soil bed using crushed stone chips as the pile material. The load 

test was conducted on the granular pile.  The length to diameter ratio (L/d ratio) of the pile was varied, from 1 

to 11 with an interval of two, and the effect of pile length on load carrying capacity was studied. Further, to 

observe the effect of encasement of pile material, it was wrapped by geogrid and the load test was conducted. 

The test results show that the ultimate load carrying capacity, Qult of the granular pile increases as L/d ratio 

increases in both the cases i.e. without and with geogrid encasement. The increasing trend of Qult with L/d is 

observed continuing for the maximum L/d ratio i.e. 11, for the granular pile tested in the study. No well-defined 

critical length of granular pile is observed in the present investigation of floating granular piles in soft black 

cotton soil.   
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I. INTRODUCTION 

Granular pile, sometimes referred as stone column technique, is the one of the most commonly used 

soil improvement technique for soft soils. The technique has been utilized worldwide to increase the 

load carrying capacity of poor soils and to reduce the settlement of superstructures constructed on 

them. The technique is particularly suitable for flexible structures such as road embankments, oil 

storage tanks, etc constructed on soft marine clays (Murugesan and Rajagopal, 2006). Different 

aspects of soft soil improvement using granular piles have been reported in the literature. The 

construction methods are discussed by Datye and Nagraju, 1981; Ranjan and Rao, 1983 and 

Greenwood and Krisch, 1983. The mechanism of load transfer is described by Greenwood, 1970; 

Hughes and Withers, 1974; Hughes et al., 1976; Madhav and Vitkar, 1978; Aboshi et al., 1979; 

Barksdale and Bachus, 1983 and Black et al., 2007. Granular pile is reported to be most effective in 

clayey soils with undrained shear strength ranging from 7-50 kPa (Barksdale and Bachus 1983, Juran 

and Guermazi 1988, IS 15284(Part-I): 2003). 

Black cotton soils also behave like soft soils on wetting. The structures, particularly the light one, 

founded on such soils experience large settlement, heave and undulation due to alternate wetting and 

drying of the soil. A large number of methods that are commonly suggested to improve the behavior 

of such soils include the soil replacement, mechanical and chemical stabilization, thermal treatment 

etc. A brief review of the common methods and their shortcomings has been discussed by Kumar and 

Jain (2012). Recently, Kumar and Jain (2013) and Kumar (2014) show that the technique of 

improving the soft soils by granular piles/ stone columns can also be used in soft expansive black 

cotton soil. Kumar (2014) performed model test in the laboratory on granular piles of sand 

constructed in soft expansive soil of different UCS values. End bearing granular Pile were casted in 
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the soil and the load test were performed. The test results showed that load carrying capacity of a 

footing Qult, defined as the load corresponding to 10% diameter of the footing ( or pile),  resting on 

granular pile is significantly more than the corresponding value for the footing placed directly on the 

soft soil bed. The increase in Qult is observed for all soils i.e. with UCS 30, 40 and 50 KPa. Further, 

by mixing nylon fibers and/ or encasing the pile by geogrid, the load carrying capacity of the granular 

pile is found increasing. As all the test results reported by Kumar (2014) were performed on end 

bearing granular piles, the effect of the ratio of length, L to diameter, d of the pile (L/d ratio) on load 

carrying capacity of the pile could not be established, hence to fill this gap a test program has been 

planned in which floating piles of different L/d ratio were casted in expansive soft soil prepared bed 

and the load test were performed. The details of which are discussed in subsequent paragraphs.  It 

includes the experimental investigation, results, discussion and the conclusions.  

II. EXPERIMENTAL INVESTIGATION 

The experiments were carried out on a 55 mm diameter granular pile surrounded by black cotton soil 

(i.e. soft clay) in cylindrical mould of 173 mm diameter and 605mm height. The soil bed was 

prepared at a dry density of 14.32kN/m3and 32% water content at which the cohesion of soil was 36 

kN/m2. Care was taken to ensure that no significant air voids were left out in the soil bed. The 

granular pile was constructed at the centre of the soil bed by making hole with auger, removing the 

soil and filling pile material in layers. The dry density of the granular material was 17.5 kN/m3. Three 

Series of laboratory model tests were performed. First series of tests were performed on the soft soil 

bed without any granular pile by placing a mild steel plate of 55mm diameter on the soil top. Second 

series of tests were performed on ordinary granular piles (O.G.P) of length, L equal to 55mm, 165mm, 

275mm, 385mm, 495mmand 605mm. Thus the L/d ratio was varied as 1, 3, 5, 7, 9, and 11. The third 

series of tests were performed on encased granular piles (E.G.P) in which the nylon geogrid was 

wrapped around the granular pile for the different cases of L/d ratio as mentioned in O.G.P test series. 

III. TEST SETUP  

A typical test arrangement for a single pile test is shown in Fig. 1. The load was applied on a circular 

footing (mild steel plate) placed on the granular pile through a proving ring at a constant displacement 

rate of 1.25 mm/min. The diameter of the footing was same as that of the granular pile. The load 

corresponding to equal interval of settlement of the footing was noted.  

 

Figure 1 – Typical test arrangement for studying load-settlement behavior of floating granular pile in soft soil  
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IV. MATERIAL PROPERTIES 

Three basic materials used for this study are black cotton soil representing the soft soil to be 

improved, crushed stone chips as granular pile forming material and the geogrid for encasing the 

granular pile. The properties of each of these are as follows: 

(i) Black cotton soil: The soil used in the investigation is black cotton soil taken from MANIT 

Bhopal campus and its properties are given in table ‘1’. 

Table 1 - Properties of black cotton soil 

Properties Values 

Liquid limit (L.L.), % 53.6 

Plastic limit (P.L.), % 28.95 

Plasticity index (P.I.), % 24.65 

MDD (kN/m3) 15.36 

OMC (%) 23.5 

DFS (%) 40 

Specific gravity (G) 2.64 

Clay and silt content (%) 95 

Classification (IS:1498-1972) CH 

Dry unit weight (γd ), ( kN/m3) 14.32 

Degree of saturation (Sr), (%) 100 

Cohesion (c) or ( Undrained shear strength ), (kN/m2) at 32% 

water content 

36 

(ii) Crushed stone chips: Properties of the crushed stone chips having size less than 6.35mm, used in 

the granular pile are listed in table ‘2’. 

Table 2 - Properties of crushed stone chips 

 

(iii)Geogrid:  The properties of the geogrid (net) used are presented in table ‘3’. Geogrid are stitched 

to form the tube for encasing the granular pile. 

Table 3 - Properties of geogrid used for encasement of soil 

Aperture size (mm) 0.25 

Stiffness (KN/m) 116 

Weight (gm/m2) 255.85 

V. RESULTS AND DISCUSSIONS  

The load settlement graphs for O.G.P and E.G.P series of test for different L/d ratios are presented in 

figure 2 to 7. For the purpose of comparison the load settlement curve for the footing placed on the 

top of the soft black cotton soil alone is also shown in these figures. The ultimate load, Q for the 

footing placed on soil is found as 0.42kN corresponding to settlement value as 10% size of the 

footing.  

Properties Values 

D10 (mm) 0.95 

D20 (mm) 1.40 

D30 (mm) 1.75 

D50 (mm) 2.70 

D60 (mm) 3.25 

Cu 3.42 

Cc 0.992 

Minimum dry unit weight (γ d min.), ( kN/m3) 16.4 

Maximum dry unit weight (γ d max.), ( kN/m3) 17.5 

Φ at  (γ d.= 17.21 kN/m3) 440 

Specific gravity (G) 2.65 

Suitability number 2.42 
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From figure 2 to 7 it is noted that for all L/d ratios the Qult of footing on granular pile (O.G.P series) 

is significantly more in comparison to the footing resting on the soil alone. Further, appreciable 

increment in Qult is seen for E.G.P cases too. In order to show the effect of L/d ratio on load carrying 

capacity of granular pile, the ratio of Qult for pile to Q of soil is calculated for both the test series and 

is given in Table 4. The graphical representation of Table 4 is shown in Figure 8.  

Table 4 – Effect of L/d ratio on pile load carrying capacity 

L/d ratio Qult.pile/Q (O.G.P test series) Qult.pile/Q (E.G.P test series) 

1 1.93 3.15 

3 4.95 6.24 

5 6.24 7.54 

7 6.99 8.69 

9 7.83 9.99 

11 8.77 11.49 

From Table 4 and Figure 8 it is noted that the critical length of granular pile as suggested by some of 

the researchers in soft soils other than black cotton as 4-6 times the pile diameter (Hughes and 

Withers, 1974; Mitra and Cahttopadhyay, 1999; IS 15284(Part-I): 2003; McKelvey et al., 2004; Black 

et al., 2007; Samadhiya et al., 2008 and Najjar et al., 2010) is not observed in the present case of soft 

soil as the expansive black cotton soil.  

 

Figure 2:Load-settlement curve for L/d ratio ‘1’ 
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Figure 3: Load-settlement curve for L/d ratio ‘3’ 

 

Figure 4: Load-settlement curve for L/d ratio ‘5’ 
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Figure 5: Load-settlement curve for L/d ratio ‘7’ 

 

Figure 6: Load-settlement curve for L/d ratio ‘9’ 
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Figure 7: Load-settlement curve for L/d ratio ‘11’ 

 

Figure 8 - Graph between L/d ratio and load at settlement equal to 10% of pile diameter 

VI. CONCLUSIONS 

From above, following conclusions are drawn 

 The load carrying capacity of a footing on granular pile is found more in comparison to 

that resting on soil alone for all L/d ratio of the pile.  

 In case of a geogrid encased granular pile of particular L/d ratio, the increase in load 

carrying capacity was observed to be higher than the corresponding value in ordinary 

granular pile. 

 The critical length of granular pile is not observed in the present investigation. As the L/d 

ratio of the pile increases, the ratio Qult.pile/Q is found increasing.  

VII. FUTURE WORK 

 Similar work can be conducted by changing the shear strength of the black cotton soil and by 

using different types of granular materials as pile forming material. 
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 The swelling and shrinkage behavior of black cotton soil reinforced with granular pile also 

needs to be studied. 

 Single granular pile was used in the present study. The behavior of group of granular piles in 

black cotton soil may also be studied. 

 In the present investigation, the load was applied only on the granular pile whereas it may be 

applied on entire area of soil and pile so as to study the behavior of the composite material. 
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