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ABSTRACT: Ground improvement is the modification of the soil properties in order to achieve the required ground 

conditions for a particular use. Granular columns are most prominently used to improve bearing capacity in poor soils and 

to provide drainage paths in soils subjected to volume change. The limitation of granular columns is that their behaviour 

depends upon the properties of the confining soil and offers least resistance to lateral loads. A new innovative ground 

improvement technique is proposed involving partial bonding / cementation of granular column resulting in Pervious 

Concrete Pile. This new technique developed provides high permeability for drainage along with stiffness and strength 

independent of properties of confining soil. 

This study involves formulation of mix design for pervious concrete pile and study of its behaviour under Axial loading . 

Mix design of 1:1:4 is adopted for pervious concrete pile to make the structure pervious. Axial load test is carried out on a 

model pile of 5 cm diameter and 25 cm length. It is observed that axial load carrying capacity of Pervious concrete pile is 

nearly 4 times that of Granular column of same dimensions.  
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1. INTRODUCTION 

With ever growing population and trade, there is a 

continuous demand for high end infrastructure buildings 

all over the world. This situation alarmed the need for 

improving the unsuitable grounds to make them suitable 

for construction activity. Subsequently, the ground 

engineering was started to develop techniques to 

improve/modify the grounds of their composition and in-

situ condition. Mechanical, hydraulic, admixture 

stabilization, soil reinforcement and confinement methods 

were broadly introduced to take up the ground 

improvement. A common ground improvement technique 

involves using permeable granular piles (aggregate piers), 

which include sand compaction piles, stone columns and 

rammed aggregate piers, to improve soil strength and 

provide a drainage path. Ambily and Gandhi (2007) 

implemented an experimental program involved tests that 

were conducted on single and group 10 cm-diameter and 

45 cm height of the stone columns in triangular pattern 

that were installed to full depth in a 45 cm thick soft 

clay specimen. Clays with undrained shear strengths of 

7, 14, and 30 kPa were used in the experiments. Based 

on the test results, the ratio of the limiting axial stress to 

the corresponding shear strength of surrounding clay 

was found to be independent of the shear strength of the 

soil and is a constant for a given (s/d) ratio and a given 

angle of friction of column material. In tests where the 

entire area was loaded, failure of the column did not 

occur due to the confinement effect of the boundary of 

the unit cell. However, the stiffness of the reinforced 

composite was improved significantly. When column 

area alone was loaded, failure was by bulging with 

maximum bulging at a depth of about 0.5 times the 

diameter of stone column .However, when compared to 

other pile types the strength and stiffness of granular 

piles are lower and depend on the properties of the 

surrounding soil. Comparing the properties of granular 

piles with those of the pervious concrete material, 

pervious concrete can develop a much higher 

unconfined compressive strength and maintain a 

relatively similar permeability of granular piles. The 

comparative discussion of properties of granular pile 

and pervious concrete is presented in table 1. 

According to the studies of other ground improvement 

techniques (Suleiman et al. 2003; Han and Gabr 2002), 

the stress concentration ratio of pervious concrete piles 

is expected to be 3 to 4 times that of granular piles in 

embankment applications. Higher stress concentration 

ratio indicates that the stresses carried by soils and the 

area replacement ratio in the field will be reduced. 

Meanwhile, the relative high permeability ensures 

accelerated consolidation and dissipation of pore water 

pressure. Furthermore, the stiffness of pervious 

concrete pile is not dependent on surrounding soil. 

These advantages are expected to result in an enhanced 

ground improvement system that can be used in a wider 

range of soil types.  
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Table 1 Properties of Granular Pile and Pervious 

Concrete pile 

Granular pile Pervious Concrete Pile 

Depends on the Confinement 
Independent of Surrounding  
soil 

Cannot be used  in the Poor 
soil 

Can be used even  in Poor soil 

Permeability is of the order 1 
– 1.5 cm/sec 

Permeability of order not less 
than 1.5 cm/sec 

Strength is relatively less Provide higher strength 

Cannot  resist  lateral stresses 
Can  resist  lateral  loads due 
to its structural action 

Fails in shear under the 
application  of  lateral loads 

High Stiffness 

              

2. MATERIALS USED 

The materials used in the present study are discussed in 

this section. 

Black Cotton Soil 

Black cotton soil obtained from a brick manufacturing 

site located 10km away from NIT Warangal, 

Telangana, India is used for testing. The portion of the 

soil passing through 4.75 mm is used for the study. 

Index properties and Engineering properties of the 

Black cotton soil are determined as per IS codes. The 

properties of the soil are given in table below. It is clear 

from the properties that soil under consideration 

belongs to CH Classification. 

Table 2 Properties of Black cotton Soil 

Property G L.L P.L Classification 
OMC 

(gm/cc) 
MDD 

Black Cotton 

soil 
2.68 59% 25% CH 1.7  20% 

Sand 

The Sand used in the present study was collected from 

the surroundings of NIT Warangal, Warangal, 

Telangana, India. Sand is properly sieved and the 

portion passing through 4.75mm is used for the test. 

Experiments were performed on sand to determine the 

basic index properties as per IS code. The properties of 

the Sand are shown in table 3. Grain size distribution 

curve for sand was shown in figure 1. It is observed 

from the properties that Sand under consideration 

belongs to poorly graded sand (SP) Classification.  

Table 3 Properties of Sand 

Property G D60(mm) D30(mm) D10(mm) CU Cc Type 

 

Sand 

 

2.615 

 

1.44 

 

0.94 

 

0.48 

 

3 

 

1.278 

 

SP 
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Fig. 1 Particle size distribution curve of Sand specimen 

Materials used for granular column 

Granular column is composed of Sand and Aggregate in 

the ratio of 2:1. The aggregate used in the present study 

is obtained from a local source. Aggregate is properly 

sieved and the portion of aggregate passing through 

9.5mm and retained on 4.75mm is chosen. The friction 

angle of aggregate is found to be 38
0
. Sand is sieved 

properly and the portion of sand passing through 

4.75mm is taken. 

Pervious Concrete 

For ground improvement applications, a pervious 

concrete material need to be improved with high 

stiffness and strength, and permeability comparable to 

granular piles (ranged from 0.05 to 2.0 cm/s). The 

materials used for pervious concrete mixing include 

aggregate, cement (Portland cement), sand, water, air 

enhancement admixture (AEA, Roofplast AEA). The 

size of the aggregate was decided based on the 

dimensions of the column and the permeability of the 

column required. Although the columns are made of 25 

mm downgrade metal, the size of the test specimen was 

50 mm diameter and hence the aggregate portion 

passing 9.5 mm sieve and retained on 4.75 mm sieve 
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was used. The sand was sieved and the portion passing 

through 4.75 mm sieve was used. The mix design of 

1:1:4, water/cement ratio 0.5 and 0.49 kg/m
3
 AEA is 

adopted for Pervious concrete. The samples were 

compacted using a vibrating table. Pervious concrete 

properties are significantly affected by the mixing 

procedure, aggregate type, compaction (vibrating) 

times, water/cement ratio, and sand/aggregate ratio 

(Suleiman et al. 2006; Kevern et al. 2008). 

Pervious concrete piles of 50mm diameter are formed 

in slurry due to the presence of large amounts of fine 

aggregate when compared with that of coarse 

aggregate. In order to achieve required porosity, 

compaction time is fixed to be 10 seconds for effective 

and uniform distribution. The unconfined compressive 

strength of the pervious concrete material was 10 times 

greater than that of the confined granular piles; and the 

permeability coefficient of the pervious concrete 

sample and granular columns were comparable. 

3. METHODOLOGY 

3.1 Criteria for determining the dimensions of 

Pile: 

Scaling is one of the important factors to be considered 

for testing on models. 3 different criteria are chosen for 

arriving upon the dimensions of the Pile. Scaling 

factors considered are length, density, stiffness, strain 

and forces. The scaling factors are presented in the table 

given below. 

Table 3: Scaling factors 

Variable Length Density Stiffness Strain Forces 

Scaling 

factors 

1/10 1 1/10 1 1/103 

 

The dimensions of the test pile are determined 

according to IS 2911 (Part 1/Sec 4): 2010, (IS code of 

practice for design and construction of Pile 

foundations) 5 cm diameter and 25 cm length. The 

dimensions of the test tank for axial loading test 

considered based on the diameter of influence. A 

cylindrical test tank of diameter 30cm and height 40cm 

is used for axial testing (for a pile diameter of 5cm).  

 

After arriving the final dimensions of the test pile, a 

split mould of dimensions (Diameter 5 cm and Height 

70 cm) fabricated locally is used for casting the test 

piles. 

 

3.2 Testing facility for Vertical Loading: 

The testing facility consists of a loading frame of 

capacity 2 Tons as shown in the figure 2. The test tank 

consists of a Steel cylinder of dimensions 30cm 

diameter and 40cm height. The tank is filled with Black 

cotton soil. Soil is initially sieved and the portion 

passing through 4.75mm is used. Soil is pulverized and 

it is compacted to wet side of optimum at a consistency 

of 0.6.  

In the test setup consisting of Granular pile, soil is filled 

in 5 different layers. At the bottom of the tank, soil is 

compacted to a height of 10cm. Then a PVC pipe of 

50mm diameter is placed at the centre of the tank. The 

sand and aggregate are blended properly in the ratio of 

1:2 and filled into the PVC pipe as shown in the figure. 

The granular pile/ pervious concrete pile is installed. A 

sand layer of 5cm is placed at the top to ensure a 

levelled surface at the top. A loading plate of 10cm 

diameter is placed at the centre for uniform application 

of load on the pile. The entire setup is now mounted on 

the loading frame. The setup is left for 24 hours for 

achieving uniformity and to allow for any induced swell 

in Black cotton soil. Loading is applied on the pile at a 

strain rate of 1.25 mm/min. 

 

Fig.  2 Test tank used for axial load test 

4. RESULTS AND DISCUSSION 

In order to determine the axial load capacity, test pile of 

5 cm diameter and 25 cm is tested in a cylindrical tank 

of dimensions 30cm diameter and 40 cm length. The 

test setup with pervious concrete pile is mounted on the 
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loading frame and load is applied at a rate of 

1.25mm/min.  

The load vs. deflection behavior of pervious concrete 

pile cured for duration of 7 days is shown in figure 3. 

The graph clearly illustrates that the behavior of Load 

vs. Deflection is linear through all the stages of loading. 

As the load on the pile increases, the strain is also 

increasing. The permissible limit for deflection is taken 

as 20 mm which is less than 10% of the length of the 

pile. The test pile attained a maximum load of 65.25 Kg 

for a deflection of 19 mm. The test is stopped once the 

permissible value of deflection is attained and is 

identified for the point of crack or distortion of the pile. 

It is observed that the surface of the pile is lightly 

distorted and no crack is observed on the pile surface. 
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Fig. 3: Load vs. Deflection curve of pervious concrete pile  

 

The Load vs. Deflection curve for Axial loading on 

pervious concrete pile (28 days curing) is shown in the 

Figure. 4 The figure clearly depicts that as the load on 

the pile increases, the deflection in increasing linearly.  
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Fig. 4: Load vs. Deflection for pervious concrete pile (28 

days curing) 

 

It can be inferred that pile reached an ultimate value of 

76.05 Kg for a deflection of 21 mm (which is within 

permissible limits). No distortion or crack is observed 

on the surface of the pile. From figure 3 and 4 it was 

perceived that pile cured for 7 days exhibits more initial 

stiffness compared with pile cured for 28 days due to 

stiffness offered to the pile by initial bulging effect of 

soil. 

 

5. CONCLUSIONS    

Pervious concrete piles have a compressive strength 10 

times more than that of granular column, while 

providing permeability similar to that of granular 

columns. The pervious concrete pile which had the 

same dimensions, aggregate type, and installation 

method as the granular column, had an ultimate load 

that was 4.8 times greater than the ultimate load of the 

granular column. Pile cured for 28 days has become 

rigid and is least responsive to bulging of surrounding 

soil. 
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