
 

IX 

 

  

1 Table of Contents 
 

 

Abstract ............................................................................................................................. VI 

List of Figures................................................................................................................... XII 

List of Tables ........................................................................................................... XXXVII 

List of Symbols ............................................................................................................. XLIII 

1 INTRODUCTION ............................................................................................................. 1 

1.1 General ................................................................................................................... 1 

1.2 Demand and Aim of the Research ........................................................................... 3 

1.3 Limitations .............................................................................................................. 4 

1.4 Planning of the Research Work ............................................................................... 5 

1.5 Layout of the Thesis ................................................................................................ 5 

2 CRITICAL STUDY ON PILED RAFT FOUNDATION................................................ 7 

2.1 General ................................................................................................................... 7 

2.2 Experimental Developments ................................................................................... 7 

2.3 Numerical/ Analytical Developments .................................................................... 30 

2.4 Case Studies .......................................................................................................... 70 

2.4.1 Multi story building ....................................................................................... 70 

2.4.2 Nineteen story residential tower ..................................................................... 71 

2.4.3 Eleven story office building ........................................................................... 72 

2.4.4 Hadron experimental hall ............................................................................... 72 

2.4.5 Forty seven story residential tower ................................................................. 73 

2.4.6 Building tower foundations were designed as pile foundations and found as 
combined piled raft foundations ................................................................................... 75 

2.4.7 Datum Jelatek in KL, Malaysia ...................................................................... 77 

3 SCOPE, OBJECTIVES AND SCHEME OF INVESTIGATION ................................. 79 

3.1 Need for Research in Piled Raft Foundation: ......................................................... 79 

3.2 Scope .................................................................................................................... 80 

3.3 Objectives ............................................................................................................. 80 

3.3.1 Objectives of Experimental Study .................................................................. 80 

3.3.2 Objectives of Numerical Study ....................................................................... 81 



 

X 

 

3.4 Scheme of Investigation ........................................................................................ 81 

3.5 Materials of Investigation ...................................................................................... 86 

3.5.1 Soil ................................................................................................................ 86 

3.5.2 Material used for Model Pile and Raft ............................................................ 89 

4 EXPERIMENTAL AND NUMERICAL STUDY ........................................................ 90 

4.1 Experimental Study ............................................................................................... 90 

4.1.1 General .......................................................................................................... 90 

4.1.2 Factors affecting Experimental Measurements ............................................... 90 

4.1.3 Model Pile/ Pile Group .................................................................................. 96 

4.1.4 Model Raft ................................................................................................... 100 

4.1.5 Model Piled raft ........................................................................................... 107 

4.1.6 Model Tank and Loading Frame .................................................................. 110 

4.1.7 Surface Vibrator for Compaction of Sand..................................................... 111 

4.1.8 Mild Steel Compaction Frame and Rammer ................................................. 111 

4.1.9 Instrumentation ............................................................................................ 112 

4.1.10 Preparation of Foundation Soil (sand bed) and Installation of Foundation Test 
Setup (UPR, PG, PRF) ............................................................................................... 114 

4.1.11 Test Procedure ............................................................................................. 115 

4.2 Numerical Study ................................................................................................. 118 

4.2.1 General ........................................................................................................ 118 

4.2.2 Validation of Numerical Model .................................................................... 122 

4.2.3 Prototype Piled- Raft Foundation ................................................................. 130 

5 RESULT ANALYSIS AND DISCUSSION ............................................................... 133 

5.1 General ............................................................................................................... 133 

5.2 Definitions and Evaluation of Parameters ............................................................ 133 

5.2.1 Initial Tangent Stiffness of Unpiled Raft UPR (𝒌𝒓𝒊) .................................... 133 

5.2.2 Secant Stiffness of Unpiled Raft UPR (𝒌𝒔𝒓) ................................................ 134 

5.2.3 Initial Tangent Stiffness of Single Pile/Pile Group ( 𝒌𝒑𝒊 ) / ( (𝒌𝒑𝒈)𝒊   ) ....... 134 

5.2.4 Settlement ratio (𝑹𝒔) .................................................................................... 135 

5.2.5 Initial Yield Load (IYL) and Final Yield Load (FYL) .................................... 135 

5.2.6 Primary Stiffness of Piled Raft 𝒌𝒑𝒓𝒑, Secondary Stiffness of Piled Raft 𝒌𝒑𝒓𝒔
 136 

5.2.7 Load Shared by Raft (LSR) and Load Shared by Pile/Pile group (LSP/LSPG) in 
Loaded Piled Raft ...................................................................................................... 137 

5.2.8 Piled Raft Coefficient (𝜶𝒑) .......................................................................... 140 



 

XI 

 

5.2.9 Load Improvement Ratio (LIR) .................................................................... 141 

5.2.10 Settlement Reduction Ratio (SRR) ................................................................ 141 

5.2.11 Efficiency of piled raft at 𝑰𝒀𝑳(𝜷𝟏), at FYL (𝜷𝟐) , and at same settlement level 
( ) 141 

5.3 Result and Analysis ............................................................................................. 142 

5.3.1 Unpiled Raft Foundation (UPR) ................................................................... 142 

5.3.2 Single Pile/ Pile Group (SP/PG) ................................................................... 151 

5.3.3 Piled Raft Foundation (PRF) ........................................................................ 165 

5.3.4 Prototype Piled Raft Foundation-Numerical Study ....................................... 347 

5.4 Discussion: ......................................................................................................... 370 

5.5 Suggested Design Methodology for Piled Raft Foundation .................................. 378 

5.5.1 Illustrative Example: .................................................................................... 381 

5.6 Concluding Remarks ........................................................................................... 388 

6 SUMMARY OF FINDINGS ...................................................................................... 390 

6.1 General ............................................................................................................... 390 

6.2 Future Research Directions ................................................................................. 395 

7 REFERENCES .......................................................................................................... 396 

8 PUBLICATIONS ....................................................................................................... 400 

 


