
Indian Geotechnical Conference IGC2016 
15-17 December 2016, IIT Madras, Chennai, India 

1 

[TH-03]LOAD-SETTLEMENT BEHAVIOUR OF GRANULAR PILE 

ON COCHIN MARINE CLAY USING RECYCLED AGGREGATE. 

 

T.G.Shilpa
1
   

T.G.Santhoshkumar2  
Department of Civil Engineering, Jai Bharath College of Management &Engineering Technology, Perumbavoor.Ernakulam-683556 

Email ID: 1shilparaj74@gmail.com, 2santhoshkumartg65@gmail.com 

ABSTRACT:  Cochin marine clay is usually associated with substantial difficulties, since these soils are sensitive to 

deformation and possess very small shear strength, which may lead to structural damages during the execution and 

throughout the life time of any structure.  The foundations require strengthening of soil to carry the loads imposed over 

soft strata. Out of several techniques available for improving the load carrying capacity of soft clay strata, stone columns 

are ideally suited for structures with wide spread loads with higher permissible settlements. Cementing agents are used in 

the pores of granular piles to improve the load carrying capacity of soft soils. This paper presents the results of studies 

made on the influence of cementing agents such as cement, lime, flyash and their combinations on load carrying capacity 

of soft soils 
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 INTRODUCTION 

The constructional activities in Cochin areas often 

demand deep foundations because of the poor 

engineering properties of Cochin marine clay. 

Construction in marine clays thus presents a 

geotechnical engineering challenge. Due to the changes 

in climatic conditions on the construction site, the 

pavement constructed on the marine clay will have less 

durability and requires lot of maintenance cost. Some 

simple precautions, however, can be taken to reduce 

the hazard significantly. For the construction of high 

rise buildings and other structures pile foundation is 

most suitable ground improving technique. But for low 

rise buildings & flexible structures like rail road 

embankments, oil storage tanks, factories etc. stone 

column is one of the most suited techniques. The 

beneficial effects of stone column installation in weak 

deposits is manifested in the form of increased load 

carrying capacity, significant reduction in total and 

differential settlements, accelerating process of 

consolidation, reduction on liquefaction risks, 

improving the slope stability of embankments and  

natural slopes.  

Kundan and Jain (2015) conducted a study on the 

swelling behavior of expansive soil using granular pile 

technique the results shows that the application of 

granular pile technique to improve the performance of 

foundation on expansive soil. The swelling and 

shrinkage aspect is equally important and swelling 

aspect of expansive soil reinforced with granular piles 

reduces swelling and swelling pressure. Addition of 

cementing agents in granular piles shows significant 

improvement in load carrying capacity of soft soils. 

With the addition of 4% cement/lime increases the 

value by 15 times that of normal granular pile 

(Harikrishnan and Airaj, 2014). Pranav et.al. (2012)  

studied the influence on cementing agents, lime on load 

carrying capacity shows that 4% lime was found 

optimum for stabilization for soft soil. Narasimha and 

Gerald (2010) suggested for preventing formation of 

ettringite, an expansive mineral calcium sulphate is 

required in stabilizing soft marine clays. 

MATERIALS USED 

Cochin Marine Clay was collected from a site at 

Vytila, Ernakulum which is in the greater Cochin area 

on the western coast of India. The properties of marine 

clay are given in Table 1. 

Table 1 Properties of Cochin marine clay 

Properties Observed Value 

Initial water content (%) 62 

Specific gravity 2.65 

Free swell index 5.25 

Liquid limit (%) 84 

Plastic limit (%) 42.85 

Plasticity index (%) 41.15 

Shrinkage limit (%) 12.45 

Optimum moisture content 

(%) 
28 

Maximum dry density (g/cc) 1.55  

IS soil classification CH 

Grain sieve analysis (%) 
Clay – 68 

Silt – 22 
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Natural  aggregates  used in the study were collected 

from a query in Perumbhavoor of size between 6-

12mm were as the recycled aggregate was collected 

locally in the form of structural demolished waste 

sieved into the same fraction. The properties of 

aggregates are shown in Table 2. Various cementing 

agents such as cement, lime, flyash were used in the 

present study. Cement used is 53 grade Ordinary 

Portland cement, the properties of cement are shown in 

Table 3. Lime used in the study was from specially 

selected uniform shells. The shells were burnt to 

remove CO2 completely when they change to brittle 

white shells of calcium oxide which were preserved in 

airtight, multilayer polythene bags. The required 

amount of water alone was sprinkled over the lone 

shells taken from these bags on each day from the lime 

treated samples, till all the shells crumble to fine 

powder, which was then sieved through IS 425 micron 

sieve. Flyash used in the study was purchased from 

Hindustan Newsprint Limit, Kottayam, the properties 

of Flyash are shown in Table 4. 

Table 2 Properties of Natural and Recycled aggregates 

Properties 
Natural  

Aggregate 

Recycled 

Aggregate 

Specific gravity 2.7 2.63 

Bulk unit Wt 

(kN/m
3
), Dense 

State 

 1.53 1.47 

Bulk unit Wt 

(kN/m
3
),Loose 

State 

1.46 1.4 

Aggregate Crushing 

Value (%) 
23.88  33.8 

Impact value test 

(%) 
20.55 28.5 

Finess modulus (%) 4.64 4.7 

Los Angles 

Abrasion Value (%) 
25.96 32.8 

Table 3 Properties of Cement 

Properties Observed Value 

Standard consistency 32% 

Initial setting time 41 min 

Final setting time 600 min 

Compressive strength 

(28 days) 
53 N/mm

2 

Finess modulus 2% 

Table 4 Properties of Flyash 

Properties Observed Value 

Specific gravity 2.03 

Liquid limit 66 

Plastic limit Non plastic 

EXPERIMENTAL PROCEDURE 

In the present study laboratory tests were conducted to 

determine the load carrying capacity of granular piles 

installed in soft soils by using recycled aggregate in 

place of natural aggregate. To study the influence of 

cementing agents on load carrying capacity of granular 

piles cementing agents such as cement, lime and fly 

ash, were added to the granular pile material.  

The load tests were conducted in C.B.R mould. The 

mould was a rigid metal cylinder with inside diameter 

15cm and a height of 23cm. According to IS: 2720(Part 

16)-1987 a representative sample of the soil weighing 

approximately 5kg shall be taken. The mould is 

cleaned and oil is applied. Then fill 1/5
th
 of the mould 

with soil. That layer is compacted by giving 56 evenly 

distributed blows using a hammer of 4.89 Kg weight. 

After 5
th
 layer compacted, excess soil is strike off and 

leveled with trowel. The granular piles were installed 

by displacement method. An open pipe of 5cm 

diameter, smeared with petroleum jelly, with a closed 

bottom was inserted into the soft clay up to a depth 

equal to length of granular pile. Stones aggregate with 

cementing agents were charged into the pipe and 

compacted with a hammer to maintain uniform density 

of granular pile. Aggregate with cementing agents was 

prepared by adding 4% of cementing agents (by weight 

of aggregate) to the aggregate and a uniform mixture 

was obtained by thoroughly mixed with a trowel. Then 

the pipe was slowly raised. This was continued till 

granular pile is formed. The specimen was kept in 

room temperature for 24hrs and thereafter cured in 

curing tanks for 7 and 28 days before testing. Figure 1 

shows the test setup for loading. 

 

Fig.1 Test setup for loading. 

Load shall be applied through the plunger into the soil 

at the rate of 1.25 mm per minute. Reading of the load 

shall be taken at penetrations of 0.5, 1.0, 1.5, 2.0, 2.5, 
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4.0, 5.0 mm are noted. In the present study test were 

also conducted to determine the influence of 

combination of cementing agents (2% cement, 1% 

lime, 1% flyash) in the granular pile in order to assess 

the improvement in the load carrying capacity of soil. 

RESULTS AND DISCUSSIONS 

Load test were conducted on samples to determine the 

load-settlement characteristics of soils. Figure 2 shows 

the variation of the Load-Settlement curve of marine 

clay using granular piles of natural and recycled 

aggregates. It can be seen from the figure that the load 

carrying capacity increases by the installation of 

granular pile in marine clay. Granular pile using natural 

aggregate shows more improvement in load carrying 

capacity than recycled aggregate. 

To study on the effect of cementing agents on load 

carrying capacity of granular piles, cement, lime and 

flyash were used as cementing agents. Figure 3 shows 

the Load-Settlement curve of marine clay using 

granular piles after 7 days curing in natural aggregate. 

The test results show that addition of cementing agents 

increased the load carrying capacity as compared to 

granular pile along with the aggregates. It can be seen 

in the figure that load carrying capacity of soil is 

improved by the addition of cementing agents. 

Combination cementing agents improves the load 

carrying capacity than individual cementing agents.  

 

Fig.2 Load-Settlement Curve of Marine Clay Using 

Granular Pile. 

Figure 4 shows Load-Settlement curve of marine clay 

using granular piles in recycled aggregate. In this case 

it can be seen that addition of combination of 

cementing agents increased the load carrying capacity 

as compared to granular pile with cementing agents 

alone.Figure 5 shows the Load-Settlement curve of 

marine clay using granular piles in natural aggregate 

after curing period of 28 days. The tests result shows 

that addition of cementing agents increased the load 

carrying capacity as compared to granular pile. 

 

Fig.3 Load-Settlement Curve of Marine Clay Using 

Granular Pile with Cementing Agents. 

Figure 6 shows the Load-Settlement curve of marine 

clay using granular piles of recycled aggregate after 

curing period of 28 days. In this case also the test 

results show that addition of combination of cementing 

agents in granular pile increase the load carrying 

capacity of soil compared to granular pile with 

cementing agents alone. 

 

Fig.4 Load-Settlement Curve of Marine Clay Using 

Granular Pile with Cementing Agents. 

Figure 7 shows the variation of Load-Settlement of 

granular pile with combination of 4% combination of 

cementing agents in natural and recycled aggregates for 

a period of 28 days curing in natural and recycled 

aggregate. From the figure it is clear that the load 

carrying capacity of granular pile had been increased 

after the addition of combination of cementing agents 

compared to the granular pile alone. It can be seen that 

the granular pile with combination of 4% cementing 

agents in recycled aggregate after 28 days of curing 

gives much significant increase in the load carrying 

capacity of soil. 
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Fig.5 Load-Settlement Curve of Marine Clay Using 

Granular Pile with Cementing Agents. 

 

Fig.6 Load-Settlement Curve of Marine Clay Using 

Granular Pile with Cementing Agents 

 

Fig.7 Load-Settlement Curve of Marine Clay Using   

Granular Pile with Combination of Cementing Agents. 

CONCLUSIONS   

Based on the test results, the following conclusions are 

drawn: 

The load carrying capacity of Cochin marine clay is 

considerably increased by the usage of granular pile 

using natural and recycled aggregates. Settlement is 

remarkably reduced by the installation of granular pile 

using both natural and recycled aggregates. It can be 

seen that the load carrying capacity of the granular pile 

with natural aggregate is much higher than recycled 

aggregate. Addition of cementing agents increase the 

load carrying capacity considerably in case of both 

natural and recycled aggregate. Additional combination 

of 4% cementing agents considerably increases the 

load carrying capacity as compared with individual 

cementing agents.  Curing period also enhances load 

carrying capacity considerably in natural and recycled 

aggregate. 

References 

Harikrishnan, P., and Airaj, A.K. (2014) “A study On 

Load Carrying Capacity of Soft Clays Provided with 

Granular Piles of Different Materials”, Indian 

Geotechnical Conference IGC-2014. 

Kundan, M., and Jain, P.K. (2015) “strength and 

settlement studies of black cotton soil reinforced 

with granular pile”, International Journal of 

Engineering Sciences & Research Technology, 

ISSN: 2277-9655.  

Narasimha, S., R., and Gerald, M.G. (2010) 

“Degradation in Cemented Marine Clay Subjected to 

Cyclic Compressive Loading”, Marine Georesources 

and Geotechnology, 21: 37–62, 2003. 

Pranav, P.,R.,T., Koteswara, R., and Venkatesh, G. 

(2012) “A Laboratory Study on the Lime and 

Sawdust Treated Marine Clay Sub Grade Flexible 

Pavement under Cyclic Pressure”, International 

Journal of Engineering and Innovative Technology 

(IJEIT) Volume 2, Issue 4.  

IS 2720 (Part 16) (1987), Methods of Test for Soils: 

Laboratory Determination of CBR, Bureau of Indian 

Standards, New Delhi, India. 

 

 

6

5

4

3

2

1

0

0.0 0.5 1.0 1.5 2.0 2.5

 

Load (kN)

S
e
tt
le

m
e
n

t 
(m

m
)

 Soil: Marine Clay

 Cementing Agents: 4%

 Curing Period: 28 days

 Soil

 Soil +  Natural Aggregate

 Soil +  Natural Aggregate  + Flyash 

 Soil +  Natural Aggregate + Lime 

 Soil +  Natural Aggregate + Cement 

 Soil +  Natural Aggregate+Cement+Lime+Flyash 

6

5

4

3

2

1

0

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

 

 

 Load (kN)

S
e
tt
le

m
e
n

t 
(m

m
)

 Soil: Marine Clay

 Cementing Agents

 Curing Periods: 28 Days

 Soil

 Soil + Recycled Aggregate

 Soil + Recycled Aggregate + Flyash 

 Soil + Recycled Aggregate + Lime 

 Soil + Recycled Aggregate+Cement  

 Soil + Recycled Aggregate+Cement+Lime+Flyash 

6

5

4

3

2

1

0

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

 

 Load (kN)

S
e

tt
le

m
e

n
t 

(m
m

)

 soil: marine clay

 curing periods : 28 days

 soil

 soil + recycled aggregate

 soil + natural aggregate

 soil + recycled aggregate + cement + lime + flyash


