Contents

List of Figures

List of Tables

List of Symbols

1 Introduction

2

3

1.1
1.2
1.3

1.4
1.5

Evolution of Piled Raft Foundation . . . . . ... ... ... ...
Classification of Piled Raft Foundation . . . . . .. .. ... ...
Design Aspects of Piled Raft Foundation . . . . . . ... ... ..
1.3.1 Design considerations . . . . . . . . .. ... ... ... ..
1.3.2  Features of piled raft foundation . . . . . . . . . .. .. ..
1.3.3 Applicable scenarios for piled raft foundation. . . . . . . .
1.3.4  Design philosophies . . . . . . . .. ... ...
1.3.5 Load-settlement behaviour . . . . . ... ... ... ....
Exploration of the Research Goals . . . . . . . .. ... ... ...
Organisation of the Thesis . . . . . . . ... ... ... ... ...

Literature Review

2.1
2.2

2.3
24

Introduction . . . . . . ...
Design Approaches of Piled Raft Foundation . . . . . . . .. . ..
2.2.1 Simplified Approaches . . . . . . .. ... ...
2.2.2  Approximate Approaches . . . . . .. ...
2.2.3 Numerical Approaches . . . . . . . ... ... ... ....
2.2.4  Variational Approaches . . . . . . .. ... ...
2.2.5 Experimental Studies . . . . . ... ..o
Summary ... ...
Research Gap and Objectives . . . . . . . . ... ... ... ...

Numerical Investigation of Piled-Raft Foundation Behaviour

3.1
3.2
3.3

Introduction . . . . . .. ..o
Modules of Finite Element Modelling in ABAQUS . . . . . .. ..
Modelling of Piled-Raft Foundation System in ABAQUS . . . ..
3.3.1  Geometric modelling . . . . .. ... ...
3.3.2  Material modelling . . . .. ... ... ... ... ...
3.3.3 Modelling of the interfaces . . . . . . ... ... ... ...
3.3.4  Selection of 3D element type . . . . . ... ... ... ..
3.3.5 Meshing of themodel . . . . . . . ... ... ... .. ...

XV

xxiil

xxiii

XXV



3.3.6 Step time incrementation . . . . . . . ... ...
3.4 Validation of the model . . . . . . . ... ... ...
3.5 Parametric analysis of piled raft foundation . . .. .. ... .. ...
3.5.1 Effect of length of piles (L,) . . . .. ... ... ... ... ..
3.5.2 Effect of diameter of piles (dp) . . . . . . . ... ... ...
3.5.3 Effect of friction angle (¢) . . . . . . ... ... ... ..
3.5.4 Effect of elastic modulus of soil (E) . . . . ... .. ... ...
3.5.5  Effect of Poisson’s ratio (v) . . . ... ... ... ..... ..
3.5.6 Effect of number of piles (n,) . . .. ... ... L.
3.5.7 Effect of raft thickness (t,) . . . . . . ... ... ... ... ..

3.6 Summary . ... ..

Experimental Investigation of Load-Sharing in Piled-Rafts

4.1 Introduction . . . . . . . ...

4.2 Testing materials and equipment . . . . . .. . ... ... L.
421 Testsoils . . .. ..
422 RaftandPiles. . . . . . .. ... oo
423 Soil Bin . . ... o
4.2.4 Loading Mechanism . . . . . . .. ... .. ... .. ......

4.3 Test procedures . . . . . ...
4.3.1 Preparation of soil bed . . . . . ... ...
4.3.2 Driving of piled-raft . . . . .. ... ... o000
4.3.3 Taking observations . . . . . . . . ... ..o

4.4 Results and discussions . . . . . .. ... Lo oL
4.4.1 Effect of number of piles (n,) . . ... ... ... ... ...
44.2 Effect of pile length (L,) . . . . ... ... ... ... .....
4.4.3 Effect of pile numbers in pile groups . . . . . . . .. ... ..
4.4.4 Comparison between raft, piles and piled-raft . . . . . .. ..
4.4.5 Load Improvement Ratio . . . . . . . ... ... ... .. ...
44.6 Load Sharing Ratio (a;,) . . . . . . ... ...
4.4.7 Comparison between experimental and numerical results
4.4.8 Limitations of the experimental study . . . . . . . . ... ...

4.5 Summary ... e

Formulation of Predictive Models for Interaction Factors

5.1 Imtroduction . . . . . . . . .. ...

5.2 Interactions in Piled Raft Foundation . . . . . . . .. ... ... ...

5.3 Overview of the Experimental Analysis . . . . . ... ... ... ...

5.4 Assessment of Interaction Factors . . . . . . ... ... .. ... ...
5.4.1 Pile-Pile interaction factor (ayp) . . . . . . . ...
5.4.2 Pile-Raft interaction factor (ay,) . . . . .. ...

xXvi

103
103
104
104
106
110
110
111
111
113
114
114
115
115
116
118
120
122

. 125

126
128



5.4.3 Raft-Pile interaction factor (ayp,) . . . . . . ... 141

5.5 Summary .. o.o. ..o 144
6 Conclusions and Future Scope 147
6.1 Introduction . . . . . . . . . .. 147
6.2 Conclusions . . . . . . . . 149
6.3 Potential avenues for future research . . . . . .. . ... ... .. 153
References 157
List of Publications 173

Xvil



