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Abstract— Granular piles are used to improve the poor 

ground like soft clays, cohesive soils, silty soils, loose sand 

etc. To improve the load carrying capacity of granular pile, 

the pile materials may be improved by mixing with 

Polypropylene fibers or lime. Based on the experiments 

carried out in the laboratory, conclude that, the load carrying 

capacity of the granular pile reinforced with fibers has been 

found to increase with increase in fiber content in granular 

pile. As the fiber content increases from 0 to 2.0%, the 

increase in ultimate load intensity carried by the treated clay 

bed is about 30.75%. Fiber content more than 2% did not 

result further improvement, but showed a declining trend at 

4% fiber content. The load carrying capacity of granular pile 

mixed with lime has found to increase with increase in lime 

content in granular pile. As the lime content increase from 0 

to 4.0%, the increase in ultimate load intensity carried by the 

treated clay bed is about 30.75%. But lime content more than 

4% shows little improvement. Hence 4% lime content in 

granular pile is economical and has good load carrying 

capacity.  
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I. INTRODUCTION 

A. General: 

Due to the rapid growth of infrastructural facilities, there is a 

need to expand the construction activities also in areas which 

were earlier avoided due to poor subsoil conditions. Granular 

piles are used to improve the poor ground like soft clays, 

cohesive soils, silty soils, loose sand etc. 

In order to improve the load carrying capacity of 

granular pile, the pile materials may be improved by mixing 

with Polypropylene fibers of locally available length in 

varying fiber contents or mixing it with lime. 

Experimental studies have been carried out to know 

the influence of fibers and lime on the load carrying capacity 

of the granular piles. The parameter considered in the study 

is amount of fiber content and amount of lime content with 

L/d ratio as 6. 

Due to inclusions of fibers, bulging of the piles 

reduced hence its load carrying capacity increases. The 

objective of the study is to evaluate the feasibility of 

randomly oriented Polypreplyne fiber reinforced granular 

pile (sand pile) to strengthen the soft soil. In this study single 

sand-fiber granular pile has been constructed in soft clay in 

tank. Short term tests have been conducted on single granular 

pile. 

II. LITERATURE REVIEW 

N.K.Samadhiya, et al.,[1] conducted model test on soft clay, 

the test were conducted with and without granular piles with 

and without nylon fibers and it was found that ultimate load 

carrying capacity was increased as L/D ratio increases, fiber 

content, fiber length and also sand pad thickness. 

Bergado and lam.,[1] conducted experimental 

studies on granular piles on soft Bangkok clay. The ultimate 

bearing capacity with granular pile was found to be 3 to 4 

times more than that of untreated ground.[1] 

Al-Refeai [1] examined the behavior of soft soil 

strengthened with fiber reinforced sand columns triaxial 

compression tests were performed on composite soil 

specimens made of annular soft clay samples with both fibers 

reinforced and unreinforced sand columns. These tests 

showed that the column replacement ratio and depth of the 

fiber reinforced sand layer inside column have a significant 

effect on load carrying capacity and settlement response of 

the reinforced soft soil.[1]. Various theories given by 

different researchers is there to estimate the ultimate bearing 

capacity and compressibility characteristics of the stone 

column improved soft soil [Greenwood 1970, Hughes & 

Withers 1978, Madhav & Vitkar 1978]. Effect of various 

parameters i.e. stone column length, stone column material 

property, stone column diameter and spacing on the 

improvement of soft soil has also been reported by various 

researchers [Bergado et al.1990, Priebe 1995, Poorooshasb& 

Meyerhof 1997].[5] 

Triaxial compression tests were conducted by 

Ranjan et al (1999) on soft clay sample with central sand fiber 

core and it was observed that sand fiber core was more 

effective in increasing the strength of soft clay as compared 

to granular material alone.[1] 

 Ranjan and Kumar (2000) described a design 

procedure for skirted granular pile foundation under 

sustained vertical compressive and uplift loads and for lateral 

loads with and without moments in loose to medium dense 

cohesionless soil deposits.[1] 

Shahu et al.,(2000)  proposed a theoretical study 

based on unit cell concept and assigned equal strain condition 

to predict the deformation behavior  of uniformly loaded soft 

ground reinforced by granular piles with granular mat on top 

of  it.[1] 

Rathod (2012) has carried a model study on granular 

pile made in expansive black cotton soil. The load settlement 

behavior of the soil was determined for different size of the 

granular pile. Geo-grid encased granular piles were also 

installed in the soil. It is observed that significant 

improvement in load carrying capacity is obtained with 

installation of granular pile without and with geo-grid 

encasement. For a given value of applied load, the settlement 

of the soil with granular pile is found to reduce significantly 

in comparison to that without the pile.[8] 

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 
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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 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.[2] 

Mitchell and Hooper (1961) conventionally, 

geotechnical properties of lime pile–treated soils are 

dependent on their ionic content, type of lime used, curing 

time, curing temperature and water content.  

Allele. Al., (1977); Saber and Parches, (1979); 

Kennedy et. Al.,(1987) Extensive research has been 

conducted on the effects of lime stabilization on the 

engineering properties of natural clayey soils. 

III. EXPERIMENTAL INVESTIGATIONS 

A. Objective: 

 To determine the load carrying capacity of the granular 

pile with L/D ratios 6. 

 To determine the load carrying capacity of the granular 

pile reinforced with fibers with different contents. 

 To determine the load carrying capacity of granular pile 

with lime (mixed with different content) 

 To determine the optimum dosage of fibers and lime.  

 Improvement of bearing capacity of Black Cotton Soil 

on addition of lime. 

 Variation of Strength of soil at different water content.  

 Effect of lime on CBR value of the soil.  

 Effect of lime on Compressive strength of soil 

B. Experimental Setup and Preparation of Granular Pile: 

 Model tests were conducted in a steel tank of size 

52.5cmx52.5cm and 45cm depth. 

 The setup is shown in fig 3.1 a,b 

 
Fig. 3.1: a. Schematic Diagram of Experimental Set up 

 
Fig. 3.1: b. Loading Arrangement 

The tank was filled with clay of desired consistency 

in five layers. 

 The water content and dry unit weight of clay have been 

so maintained that unconfined compressive strength of 

the clay corresponds to that of soft clay. 

 After preparation of the clay bed, a bore hole was drilled 

by spiral auger. 

 Diameter of the bore hole has been kept as       50 mm 

uniformly over the length for all the experiments. 

 Depth of bore hole varied so as to have different L/D 

ratios. Oven dried coarse sand with fiber (0.2 mm 

diameter fiber) was mixed with 5% water. The addition 

of water facilitated easy mixing of fibers and sand. 

 The mixture was then transferred to the bore hole in five 

layers. Each layer was compacted with the help of a 

small hammer of dia 50 mm. 

 Similar procedure was adopted for the preparation of 

granular piles without fibers.  

 After the preparation of granular pile, a preload of 5 kPa 

was applied for 24 hrs over the entire top surface of the 

clay bed. 

 A square steel plate of 100 mm x 100 mm x 18 mm was 

then placed on the granular pile, through which the load 

applied in increments. 

 Each load increment was maintained for 15 mins before 

the next increment was added. Settlement at the end of 

15 mins after each increment was recorded and the load 

was incremented until the settlement exceeded 20 mm. 

 Unloading was done in five equal decrements with each 

intermediate load maintained for a period of 15 mins. 

 Experiments were conducted on 50 mm diameter 

granular piles of lengths 300 mm achieving length to 

diameter ratios (L/D) as 6. 

 A sand pad was placed over the fiber reinforced granular 

pile-clay bed as shown in figure 3.1 

 To quantify the enhancement in load carrying capacity, 

load tests were carried out on clay bed without granular 

pile and with granular pile without fibers.  
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 Vertical load was applied by using a mechanical jack 

against the load frame used in the setup and load applied 

was measured with the help of proving ring of 10kN 

capacity (fig. 3.1 b) . Settlement of the sand pile was 

measured using four dial gauges of 0.01mm least count 

placed on the top of the plate. 

 To study the effect of fiber content, experiments were 

conducted with granular column having fiber contents 0, 

1%, 2% 4% & 6% by weight of sand and for fiber lengths 

12mm.. 

 To study the effect of lime content, experiments were 

conducted with granular column having lime contents 0, 

2%, 4% & 6% by weight of sand. 

C. Specifications of Materials Used: 

Clay bed was prepared in the laboratory in which granular 

pile made of sand or sand with fibers was installed for 

conducting the experiments. The clay used for the test bed 

was borrowed from near the Citizen ITI, royal garden, 

Azadpur road, KALABURAGI, INDIA. Near surface clay 

was excavated after removal of top vegetative cover. It was 

air-dried, pulverized and sieved to remove coarser fraction 

before using the preparation of test bed. Properties of the clay 

are given in table 3.1 

Parameter Value 

Specific gravity 2.64 

Liquid limit 51.3% 

Plastic limit 30.53% 

Plasticity index 20.77% 

Clay fraction 52% 

Silt fraction 48% 

Classification CH 

Max.dry unit weight 

Optimum moisture content 

15.20 kN/m3 

12.0% 

Table 3.1: 

The sand used in the preparation of granular piles 

for test was collected from Ghangapur. Properties of sand 

mentioned in table 3.2. 

Parameter Value 

Specific gravity 2.65 

D60 0.9mm 

D30 0.41mm 

D10 0.31mm 

Cu 2.91 

Cc 0.61 

Classification SP 

Max.dry unit weight 

Min.dry unit weight 

19.9 kN/m3 

16.4 kN/m3 

Average Cohesion intercept, c 

Average angle of  internal friction, φ 

0.6 kN/m3 

24° 

Table 3.2: 

Polypropylene fibers of diameter 0.2 mm and length 

12mm were used to reinforce the granular pile . The specific 

gravity of  fiber was 0.833 ..The tensile load at failure has 

been noted as 10 N. 

Lime is an effective stabilizing agent for plastic soils 

and can be used to improve their workability, reduce 

settlement and increase strength. Two types of lime 

commonly used in stabilization are hydrated lime [Ca (OH)2] 

and quicklime [CaO] [1]. These limes will modify the soil 

through cation exchange and stabilize it after the modification 

process has been completed. The lime used for stabilization 

was construction hydrated lime of high quality produced 

locally and the chemical content is given in Table 3.3 

Quicklimes 
High 

Calcium 
Dolomitic 

Primary Constituents CaO CaO•MgO 

Specifi c Gravity 3.2-3.4 3.2-3.4 

Bulk Density (Pebble Lime), 

lb./cu. ft. 
55-60 55-60 

Specific Heat at 100° F., 

Btu/lb 
0.19 0.21 

Angle of Repose 55° 55° 

Table 3.3: 

Chemical content of 

hydrated lime used 

Chemical content 

Results of 

lime used % 

Quantity 

(ASTM) 

(C977) 

Calcium Hydroxide 

(Ca(OH)2) 
95.10 90% min 

Magnesium Oxide (MaO) 0.0 0.90% max 

Calcium carbonate 

(CaCO3) 
0.09 6% max 

Carbon Dioxide (CO2) 2.75 5.0% 

Table 3.4: 

IV. RESULTS AND DISCUSSION  

A. Effect of Fiber Content on Ultimate Load Carrying 

Capacity: 

Applied load intensity – settlement response of granular pile 

reinforced with fiber is depicted in fig 4.2. Different fiber 

content by weight of sand were used in the experiments 

keeping the other parameters like, diameter of granular pile 

D = 50mm, length to diameter ratio     L/D = 6 and fiber length 

=12 mm and the consistency of clay bed constant . It has been 

observed that ultimate load intensity that can be carried by 

pile increases as fiber content as increases from 0 to 2% while 

the trend reversed from more fiber content (4% fiber content) 

. Friction between sand and fibers in granular pile reinforced 

with fibers comes into play resulting in the development of 

the tensile stress in the fibers. This tensile stress is responsible 

for maintaining a rising trend of ultimate load .The reduction 

in ultimate load intensity for 4% fiber contain may be 

explained as with high fiber concentration, the dry unit 

weight of the mixture rapidly decreases, indicating a decrease 

in relative amount of sand in mixture and so in the ultimate 

load carrying capacity of granular pile. 

 
Fig. 4.2.2: Applied Load Intensity v/s Settlement Response 

for Different Fiber Content in Granular Pile 
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B. Effect of lime Content on Ultimate Load Carrying 

Capacity: 

After the preparation of soil bed, columns were constructed 

by a replacement method known as Bore whole method. An 

auger of 50mm diameter was used to prepare the hole.  To 

avoid suction, a maximum height of 50 mm of soil was 

removed at a time. After removing the soil the column 

material were fed into the hole from top in layers of 50 mm 

each. To achieve a uniform density, compaction was given 

with a 1.25 kg circular steel tamper with 15 blows of 100 mm 

drop to each layer. This light compaction effort was adopted 

to ensure that it did not create any disturbance in the 

surrounding soft clay by bulging laterally. The procedure was 

repeated until the column is completed to the required heights 

of L/D = 6. After the installation of column, the top surface 

of the container was covered with plastic sheet for 4 days as 

curing period to ensure uniform moisture. After 4 days 

compression load test was carried out on each model. 

A typical load-settlement behavior of sand treated 

with lime at different percentage was observed.  

 
Fig. 4.2.3: Applied Load Intensity v/s Settlement Response 

for Different percentage of Lime Content In Granular Pile 

V. CONCLUSION 

Based on the experiments carried out in the laboratory, the 

major conclusions drawn have listed below: 

The load carrying capacity of the granular pile 

reinforced with fibers has been found to increase with 

increase in fiber content in granular pile. As the fiber content 

increases from 0 to 2.0%, the increase in ultimate load 

intensity carried by the treated clay bed is about 30.75%. 

Fiber content more than 2% did not result further 

improvement, but showed a declining trend at 4% fiber 

content. 

The load carrying capacity of granular pile mixed 

with lime has found to increase with increase in lime content 

in granular pile. As the lime content increase from 0 to 4.0%, 

the increase in ultimate load intensity carried by the treated 

clay bed is about 30.75%. But lime content more than 4% 

shows little improvement. 

Hence 4% lime content in granular pile is 

economical and has good load carrying capacity. 
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