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Abstract— Caissons are relatively new design being 

considered for foundations in a wide variety of applications. 

The effect of lateral loading and vertical loading  in soft clay 

has been studied. The object here is to establish a broad 

framework of response of caissons under the above 

mentioned loadings. The load displacement curves and load 

settlement curves under the lateral and vertical loads for 

consistency index Ic=0.42of clay has been studied. The 

maximum lateral and vertical loads has been taken by the 

circular shaped caisson of diameter and height 16cm when 

compared to the square shaped caissons with minimum 

displacement and settlement. Therefore, it can be seen that as 

the depth of caissons increases the settlement decreases. 
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I. INTRODUCTION 

Constructions of buildings in clayey soils are becoming a 

cumbersome process. The search for alternatives for 

foundations in clayey soils has led to the concept of the 

caisson foundation. This foundation is in the form of upturned 

buckets and is installed by reducing the pressure in the bucket 

cavity so that there is a net download force on the foundation. 

It is in the shape of a hollow prismatic box, which is built 

above ground level and the sunk into the require depth as 

single unit. It is water tight chamber used for laying 

foundations under water, as in rivers lakes, harbours. The 

main benefit using a caisson foundation are due to reduced 

costs in terms of materials and installation time as well as the 

variety of possible applications. 

 The most critical loading on the caisson foundation 

are lateral, vertical, particularly in clay is complex. One key 

concern is effect on the caisson performance of cycling into 

tension. Caissons are to be provided with adequate depth of 

embedment such that there is a good amount of passive earth 

pressure developed from the embedded portion. In respect of 

conventional types of caissons and well foundations which 

are rigid in nature, there are some established methods to 

estimate the lateral capacities and it should be possible to 

extend these theories to estimate the stability of the 

foundations constructed out of the contiguous formation of 

embedded caissons. There are a few studies reported in 

literature on the mobilization of ground level deflections in 

caissons under cyclic lateral loads in clay. Some of the 

theories related to rigid piles are extended to study the lateral 

behaviour of caissons. There can be a few limitations in 

extending the rigid pile concept to predict the lateral 

behaviour of caissons. Caisson foundation have large 

diameter and a wide range of length –to-diameter ratio so they 

provide relatively large lateral and axial capacities. Their 

large load capacity and the efficiency of the installation are 

the main advantages of caissons over the types of foundation 

systems. A caisson can be partially penetrate into the clay 

under its own weight .Further penetration is usually 

facilitated by pumping water out of the caisson chamber , thus 

applying suction inside the caisson. This simple installation 

procedure is probably the greatest advantage of caisson 

foundation over pile foundations. A suction caisson can be 

with drawn later by applying a positive pressures inside the 

chamber to assist in pulling it out of the soil. 

 Matlock (1970) carried out cyclic lateral load tests 

on a instrumented open end steel pipe piles of 324mm in 

diameter driven into slightly over consolidated marine clay 

deposit. The soil resistance was found to decrease with 

number of cycles and after a few cycles of loading, it was 

stabilised. However at deflections equal to values exceeding 

20% of the pile diameter, there was a progressive 

deterioration in the resistance under continued cyclic loading. 

Franke (1973) carried out lateral load tests on an instrumented 

bored pile of 1.3m diameter and 16.5m embedded length in a 

clayey soil. The pile was subjected to both one way and two 

way cyclic lateral loads. The results indicated that two way 

cyclic loading had the same effect as that of one way cyclic 

loading. Bushan et al. (1979) conducted large-scale field tests 

on laterally loaded drilled shafts in stiff clays and presented 

variations in lateral deflections and bending moments with 

depth in drilled shafts and suggested that the existing 

procedures for the analysis of laterally loaded piers in stiff 

clay generally appear to provide conservative predictions of 

the lateral load-deflection relationships for the rigid piers in 

stiff clays. 

 Considering the soil as normally consolidated clay 

in which undrained shear strength increased with depth, a soil 

flow mechanism was developed by Yuxia and Randolph 

(2002) for caissons with embedment depth ratios up to 5. It 

was found that with increasing embedment depth ratio, the 

soil flow mechanism changed from surface failure to a deep 

cavity expansion mode and this transition occurred at higher 

embedment depth ratio, L/D. Price and Wardle (1979) carried 

out static and cyclic lateral load tests on vertical steel tubular 

piles of 5.1 m length and 168mm diameter jacked into 

London clay. The results showed that the coefficient of 

subgrade reaction from cyclic loading was higher than the 

value estimated from static load test. Cyclic loading caused a 

reduction in the magnitude of the moments induced in 

adjacent horizontally loaded piles and this indicated an 

increase in the shear strain in the soil between the loaded pile 

and nearby unloaded piles due to a reduction in the shear 

modulus of that soil. Poulos (1982) presented an analysis by 

extending the elastic continuum analysis for the deflection of 

a pile in clay subjected to static and cyclic lateral loading. 

Caissons foundations are subjected to all combinations of 

axial and lateral loads , a caisson foundation is predominantly 

subjected to lateral and vertical loading, therefore the 

response of caisson foundation to both these loads has been 

discussed in this report. 
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II. OBJECTIVES 

 To study the effect of lateral loading on caissons 

 To study the effect of vertical loading on caissons  

III. MATERIALS 

A. Materials Used 

 Soft clay 

 Rectangular tank 

 Circular tank 

 Concrete model caissons 

1) Soil 

Experiments were carried out on soft clay collected from       

English India Clay Limited in Trivandrum District, Kerala. 

 
Fig. 1: Soft clay 

The properties of the soft clay are shown below in the table 

below: 

PROPERTY VALUE 

Specific Gravity 2.52 

% of clay 56 

% of silt 18 

% of sand 26 

Liquid Limit (%) 43 

Plastic Limit (%) 60 

Maximum Dry Density(g/cc) 1.76 

Optimum Moisture Content(%) 17 

Unconfined Compressive Strength(kg/cm2) 30 

Table 1: Properties of clay 

2) Rectangular Tank 

The tests were conducted in a rectangular tank of size, 

80cmx80cmx80cm. The test tank was chosen such that the 

size effects of model caissons adopted in this study were 

considered to be minimum. 

3) Circular Tank 

The tests were conducted in a circular load of 80cm diameter 

and 40cm height and a pulley mechanism is arranged within 

it for the provision of providing lateral loads. 

4) Concrete model caissons 

Different caissons of different shapes and sizes namely 

square and circular shapes are casted using concrete. 

 

  
Fig. 2: Model Caissons 

IV. METHODOLOGY 

A. Preparation of Soft Clay 

The soil which was collected was completely dried and the 

sand particles were removed. The tests were carried out at an 

consistency index of Ic=0.42. The required water content is 

added to it and cured and then thoroughly mixed before 

placing it in the test tanks. The soil sample is then filled in the 

test tank carefully by removing the air bubbles. 

B. Experimental Set Up on Circular Tank for Lateral 

Loading 

The test tank was chosen such that the size effects of model 

caissons adopted in this study were considered to be 

minimum. It has been confirmed that the size effects are 

negligible, if the radial distance of the test tank in the 

direction of loading is more than 6 to 8 diameters of the model 

caissons. Now the clay which is mixed thoroughly is placed 

in the test tank by providing required compaction and the 

model caisson is also placed in it. In this experimental set up, 

the lateral load was applied through a pulley mechanism and 

the loading was applied thereby increasing gradually and the 

displacements against lateral loads was measured using a dial 

gauge ring which is attached to the model caisson. Likewise 

different trails has been carried out for different sizes and 

shapes of caisson at consistency index . 

 
Fig. 4: Circular tank 

C. Experimental Set Up on Rectangular Tank for Vertical 

Loading 

The test tank was chosen such that the size effects of model 

caissons adopted in this study were considered to be 

minimum. The test tank was placed under the plate load 

testing machine. The clay which is mixed thoroughly is 

placed in the test tank by providing required compaction and 

the model caisson is placed in the test tank. In the 

experimental set up, the vertical load was applied through the 

hydraulic jack of the plate load testing machine. The load was 

measured by using a proving which is attached between the 

model caisson and the plate load testing machine. The 

settlements for the corresponding vertical loads was 

measured using the dial gauge ring which is attached to the 



Experimental Studies on Model Caissons in Soft Clay under Lateral and Vertical Loading 

 (IJSRD/Vol. 7/Issue 01/2019/374) 

 

 All rights reserved by www.ijsrd.com 1426 

model caissons. Likewise different trails has been carried out 

for different sizes and shapes of caisson at consistency index. 

 
Fig. 5: Rectangular tank 

V. RESULTS & DISCUSSIONS 

A. Effect of lateral loading on square caissons 

 
Graph 1: Lateral loading on square caissons 

From the above graph it is clear that the maximum lateral load 

has been taken by the 16cm sized square caisson with a 

minimum displacement of 0.21mm. 

B. Effect of lateral loading on circular caissons 

 
Graph 2: Effect of lateral loading on circular caissons 

The maximum lateral load has been taken by the 16cm 

diameter caisson with a minimum settlement of 2.8mm.But 

the maximum lateral load taken is  0.035kN which is more 

than the lateral load taken by the square caisson. 

C. Effect of vertical loading on square caisson 

 
Graph 3: Effect of vertical loading on square caissons 

The maximum vertical has been taken by the 16cm sized 

square caisson with a minimum settlement of 19.37mm. 

D. Effect of vertical loading on circular caissons 

 
Graph 4: Effect of vertical loading on circular caissons 

The maximum lateral load has been taken by the 16cm 

diameter caisson with a minimum settlement of 9.5mm which 

is very less than the settlement of square shaped caissons. So 

it is clear that as the depth of caissons increases the settlement 

gets decreased.From the above graphs the effect of lateral and 

vertical loading on caissons can be anlaysed. 

VI. CONCLUSIONS 

 In case of square shaped caissons the maximum lateral 

load has been taken by the 16cm sized caisson with a 

minimum displacement of 0.21mm. 

 In case of circular shaped caissons the maximum lateral 

load has been taken by the caisson of 16cm diameter with 

a minimum displacement of 2.8mm and the lateral load 

taken is also more than the square shaped caissons.  

 In case of square shaped caissons the maximum vertical 

load has been taken by the 16cm sized caisson with a 

minimum settlement of 19.37mm. 

 In case of circular shaped caissons the maximum vertical 

load has been taken by the caisson of 16cm diameter with 

a minimum settlement of 9.5mm and the vertical load 

taken is also more than the square shaped caissons.  

 Therefore from the above results it is clear that as the 

depth of caissons increases the settlement gets decreased. 
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